Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) H_,i,l
Vol.8, No.8, 2018 IIS E

Habitat Conditions in a Continuously Grazed Wildlife Sanctuary
in Kenya

Lynn J. Kipkosgei ~ John W. Kiringg ~ Shem M. Mwasi
1.Department of Environmental Biology & Health, Meisity of Eldoret, P.O Box 1125-30100, Eldoretnia
2.School For Field Studies, Centre for Wildlife Maement Studies, P.O Box 27743-00506, Nairohiyke

Abstract

Changes in structure and composition of herbacemgetation in rangelands often result from effeats
continuous grazing by large herbivores. The stmgcind composition of herbaceous vegetation wesesasd

in various vegetation types in Kimana Wildlife Sarary. Data were collected using Stratified sangphmethod,
Line transect method, Quadrat method, Disc Pasdleter method and Descending Step Point method. The
study recorded a total of eight grass species haignto three ecological categories, namely; desmea
increaser | and increaser Il. Frequency distributié the ecological categories of grasses diffesigdificantly
across the vegetation types, with the exceptiogpofobolus fimbriatus grassland andcacia xanthophloea
woodland, which were exclusively dominated ®¥yimbriatus Nees ex Trin grass. Increaser Il speci@&siodon
dactylon L., S. fimbriatus Nees ex Trin anéiarpachne schimperi Hoschst dominated in all the vegetation types,
except for wooded grassland, which was dominatedPdmnisetum stramineum Peter, an increaser | species.
Cenchrus ciliaris L. occurred at low frequencies (< 50%) in woodeadsgland andC. ciliaris grassland. Grass
standing crop, grass basal cover, grass heighiréedtuft distance between grass swards also daideoss the
vegetation types. All the vegetation types, exogpbded grassland indicated conditions of overaation.
Wooded grassland indicated conditions of undeization. We suggested restoration of vegetatioresyp
dominated by increaser species through reseeding ircreaser species suchGenchrus ciliaris L., Themada
triandra and Penicum maximum. We also suggested monitoring of occurrences astgilaition of Cenchrus
ciliaris L. species and other native decreaser specieminoBeli ecosystem and in similar ecosystems in Keny
Keywords: Continuous grazing, Grass species, Ecological oateg) Vegetation types, Kenya

Introduction

Changes in structure and composition of native taigpe in savanna ecosystems often results froecesffof
climate, topography, soils, fire, herbivory and famactivities (Sankaran et al., 2008; Gandiwa .eP8ll1; van
der Waal et al., 2011; Gandiwa et al., 2013; Zisa@andiwa et al., 2013). In rangelands, contingraging by
large herbivores have been shown to cause changssucture and composition of herbaceous vegetatio
(Kioko et al., 2012; Zarekia et al., 2013; Mureighial., 2014;). Studies on livestock grazing systéave shown
that continuous grazing can result to encroachrmEntoody vegetation, local extinction of some plapecies,
dominance of unpalatable, annual grasses and rtorergaass species and decrease in palatable, paremd
native grass species, grass height, grass covass ge-growth, grass biomass, forage resourcesfuatd
resources (Rutherford & Powrie, 2009; Kioko et 2012; Kgosikoma et al., 2013; Rutherford & Povai¥l 3;
Zarekia et al., 2013; Muthoni et al.,, 2014; Rutbedfet al., 2014). Continuously grazed areas ase al
characterized by loss of vegetation, increase i lgound, low species richness and low speciesrsity
(Kioko et al., 2012; Zarekia et al., 2013).

Other than their impact on vegetation, continuouszigg can influence the physical, chemical and
biological properties of soil resources (Young-Zfaet al., 2005; Kioko et al., 2012; Zarekia et aD13).
Calcium and nitrogen decreases, sodium increasksals become acidic (Young-Zhong et al., 2005K¢i et
al., 2012; Rutherford et al., 2014; Zarekia et 2013). Soil erosion increases and soil biologmaperties
decreases due to decrease in vegetation cover ¢¥dong et al., 2005). The impacts caused by coatis
grazing on herbaceous vegetation and soil conssitilite most common biological and edaphic indisatbtand
degradation, a condition that has threatened bigdbgliversity and sustained functions of healthgelands
worldwide (Young-Zhong et al., 2005; Oluwole & S#thzo, 2008; Kioko et al., 2012; Zarekia et al.120
However, restoration of degraded areas have beggested to be achieved through livestock exclusion,
rotational grazing system, appropriate grazing céyand reseeding using native grass species (y-@mong
et al., 2005; Kioko et al., 2012; Zarekia et aD12; Mganga et al., 2015). Area exclosures, fomgde, has
been shown to improve vegetation and soil condition several degraded rangelands (Young-Zhong.get al
2005; Kioko et al., 2012; Zarekia et al., 2013).

In Kenya, Arid and Semi-Arid Lands (ASALs) occupyeo 80% of the country’s total land surface
(Musyoki et al., 2012) and its natural resourceduiding vegetation support about 25% of the naidnmiman
population, mostly the pastoral and agro-pastavedraunities, over 75% of the country’s livestock amittllife
resources (Kiringe & Okello, 2005; Musyoki et a2012; Okello et al., 2015). Nevertheless, ASALs are
experiencing rapid human population growth, expamsif human settlements, land use and land coargds,
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land fragmentation, land subdivision and intenatfien of land uses (Kioko & Okello, 2010; Symbu@13;
Bhola et al., 2012; Ogutu et al., 2014). As a tesudnservation areas, wildlife dispersal areas migtatory
corridors have been blocked and seasonal dispefsalldlife into communal lands reduced (Okello,G20
Okello & Kioko, 2010; Okello, 2012; Mose et al., IZ). These have caused concentration of wildlife,
particularly, large wild herbivores in conservatiamas in all seasons, a condition that could résuontinuous
grazing. Continuous grazing can impact negativelyegetation and soils in conservation areas (Zaretkal.,
2013). However, there is few data available coriogrthe impacts of continuous grazing on habitatditions

in wildlife grazing areas. This study, thereforemed at understanding habitat conditions in Kimavigdlife
Sanctuary, a significant conservation area in Arab@&sosystem.

Materials and Methods
Study Area

Kimana Wildlife Sanctuary is found within Amboselcosystem in Oloitokitoki Sub-County, Kajiado Count
southeastern part of Kenya (Figure 1). It coversuaa of about 22.5Kn(Okello et al., 2011). The climatef
Amboseli ecosysters typical of ASALs of Kenya under Agro-Ecologicabne V1 (Pratt and Gwynne, 1977).
Precipitation is low and is partly influenced byie& conditions of Mount Kilimanjaro (Okello et al2011).
Rainfall occurs in two seasons, with the shorteeascurring around October to November and thg keason
occurring around March to early June (Altmann et 2002). Mean annual rainfall varies from 150mm to
200mm per year, but it may be relatively high dgrihe two seasons (Altmann et al., 2002). Temps¥atare
continuously warm to hot and varies within seas@kitmann et al., 2002). The geology is charactetiby
undulating uplands and plains and soils are highdyiable depending on parent material and landforms
(Gachimbi, 2002). The soils have moderate fertititit in cultivated areas organic carbons and prarsighare
generally low (Gachimbi, 2002). Vegetation is dseiin terms of structure and composition (Lekoy2806;
Okello et al., 2011; Kioko et al., 2012). Large lheores, primates and predators are the commonlifgild
animals (Okello, 2005). The present land uses énettosystem are agriculture and agro-pastoraliskel(@®&
D’Amour, 2008; Okello, et al., 2011).
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Figure 1: Map of Kenya showing spatial locatiorkahana Wildlife Sanctuary
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Data Collection

Stratification and Classification of Vegetation

The vegetation of the study area was visuallyifigdtinto vertical and horizontal components (MutDombois

& Ellenberg, (1974). The vertical component wagHer stratified into two distinct layers based danp life
forms; the canopy layer, comprised of woody plafitses & shrubs) and the ground layer, comprised of
herbaceous plants (grasses, herbs & forbs). Sigiltne horizontal component was further stratifiadd
classified into six distinct types, based on phgs@mic characteristics and dominant species (Rr&tvynne,
1977). The stratified and classified vegetatioretypere taken to represent different samplingsstatl habitat
types for animal use.

Sampling of Herbaceous Vegetation

Sampling was done during the long rainy season¢Mdune, 2012) in different vegetation types usingtified
sampling technique, line transect method and quadethod. The line transects varied in number amgjth
depending on the size of the vegetation type. 3agwas done along the line transects at interg&l200m.
Descending Step Point Method (Trollope, 2004; Gawpwé& Trollope, 2005) was used to sample herbaceous
vegetation and a maximum of 20 steps of approxipdten each were walked. From the first samplinghh@a
metallic pin was dropped perpendicularly to theugieb and the following information recorded; the eaof the
nearest tufted grass species or the name of thesidarbs/sedge species to the pin and the infedistance
(cm) between the pin and the nearest tufted gmases, which was measured using a tape measure.

Various species of grasses were observed, recamttdrouped into three ecological categories; dsere
increaser | and increaser Il based on their reagtio grazing as defined by Trollope (2004) andldpe et al.,
2011). Disc Pasture Meter method (Ganguli, et28100) was used to estimate the grass standing(kgdpa).
This method was considered to be faster and toecenisimal disturbance to grass species (Gangulgl.et
2000). The disc pasture meter consisted of a déde/pnade of acrylic plastic (plexi-glass), witlaatieter of 45
cm and weight of 1.5 kg and a calibrated metakstichich was 60 cm long. At every sampling poiht disc
was dropped down along the calibrated metal stickthe settling height of the disc was observedrandrded.
Aboveground foliage of mixed grasses were harvefsted 0.25 M plots using a pair of scissors and packaged
in well labeled paper bags. Grass cover was esinagsually in the same plots. Grass samples vadent to
botany laboratory at Masinde Muliro University ofi€ce and Technology, Kenya, where they were dated
70°C for 48 hours to a constant weight.

Data Analysis

Frequency of each grass species was estimated ragdehcies of grass ecological categories were also
estimated. Chi-Square Goodness of fit test (p $)0wWas used to test for differences in occurrenicéhe
ecological categories of grasses between vegetgfms. Pasture Disc Method was calibrated usiaghtrvest
method (Gangulét al., 2000) and regression analysis was used to dewklafieear relationship between grass
height (cm) and grass weight (g). Grass standinog ¢Kg/ha) was estimated using the developed rsignes
model. Grass standing crop, grass cover and geghthwere tested for normality and homogeneityafance
using Shapiro-Wilks test (g 0.05) and Levene’s test 0.05) respectively. One-Way Analysis of Variance
(ANOVA) at 5% level of significance was used tottfes statistical differences among means of gsdaading
crop, grass cover and grass height. Post hoc asafgs variables with significant differences ireithmeans
were carried out using Tukey’s Honestly Signific@ifference (HSD) (P < 0.05). Data were analyzethgl
Statistical Package for Social Scientists (SPS&jvace.

Results

Vegetation Types

The vegetation of the study area consisted of s$stindt types, namelyAcacia tortilis woodland, A.
xanthophloea woodland, wooded grassland, sparse shrubl8nfimbriatus grassland ane. ciliaris grassland
(Table 1).A. tortilis woodland was dominated bY. tortilis species, with canopy cover of 22.42% and grass
cover of 15%;A. xanthophloea woodland was dominated bd. xanthophloea species, with canopy cover of
34.38% and grass cover of 70%; Wooded grasslanddeménated byA. tortilis, with canopy cover of 34.39%
and grass cover of 18.5%; Sparse shrubland wasnawei byBalanites glabra shrub with canopy cover and
grass cover of 8.8% and 1.21% respectiv8lyfimbriatus grassland was dominated Byfimbiratus Nees ex
Trin grass with grass cover of 21% a@dciliaris grassland was dominated Ry ciliaris L. grass with grass
cover of 26.47%.
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Table 1: Characterized and classified vegetatipagyn Kimana Wildlife Sanctuary

Vegetation Type Dominant Canopy Grass
Life form Cover (%) Cover (%)

A. tortiliswoodland Trees 22.42 15.00

A. xanthophloea woodland Trees 34.38 70.00
Wooded grassland Trees 34.39 18.50
Sparse shrubland Shrubs 8.80 1.21

S. fimbriatus grassland Grasses 21.00

C. ciliaris grassland Grasses 26.47

Composition of Herbaceous Vegetation

A total of eight species of grasses belonging tedlecological categories; decreaser, increassf Increaser Il
were recorded in all the vegetation types (Table C&nchrus ciliaris L. was the only decreaser species
encountered and occurred in wooded grasslandsafishbriatus grassland. Three species of increaser | species
occurred in the sanctuary namellpnnisetum mezanium Leeke Pennisetum perpureum Schumach and
Pennisetum stramineum Peter. Similarly, three species of increaser dcéps occurred in the sanctuary namely;
Cynodon dactylon L., Harpachne schimperi HochstandEragrotis tenuifolia (A. Rich.) Steud.

In A. tortilis woodland, the proportions of the ecological catiEgoof grass species were 11.81% increaser |
and 86.80% increaser Il. The increaser Il specieewignificantly more abundant compared with iasez |
species f° = 56.818; df = 1; p = 0.001), where the proportifnincreaser Il species being 7 times higher,
compared with a lower value of 11.81% decreasepecies (Table 2). However, in wooded grassland, the
frequencies of the ecological categories were 5.tl@&seaser, 28.36% increaser | and 11.43% incrélaad
increaser | species were significantly more abuhdampared with the other two ecological categooés
grasses)yf = 19.409; df = 2; p = 0.001).

In sparse shrubland, the proportions of the ecoddgiategories of grasses were 1.58 % and 12.26% of
increaser | and increraser Il species respectiaetytheir proportions differed significanth?(= 7.413; df = 1; p
= 0.002), where the proportion of increaser Il $pedeing 11 times higher, compared with that oféaser |
speciesS. fimbriatus grassland and. xanthophloea woodland were both dominated by Increaser 1l sggewiith
frequencies of 21.8% and 67.80% respectivelyClhiliaris grassland, proportions of the ecological categories
of grasses were 41.05% and 58.94% of decreaserinenglaser Il species respectively and these difere
significantly ¢ = 26.95; df = 1; p = 0.001) (Table 2).

Table 2: The composition and frequencies of difierecological categories of grass species acrogstaton
types in Kimana Wildlife Sanctuary

Grass Species Ecological ATW WG SFG SSL AXW CCG
Category (%) (%) ) () (%) (%)
Cenchrusciliaris L. Decreaser 0 5.10 0 0 0 41.05
Decreaser 0 5.10 0 0 0 41.05
Pennisetum mezanium Leeke. Increaser! 0O 2.24 0 0 0 0
Pennisetum perpureum Schumach. Increaser! 0 3.06 0 0 0 0
Pennisetum stramineum Peter . Increaser | 11.81 23.06 0 1.58 0 0
Increaser | 11.81 28.36 0 1.58 0 0
Cynodon dactylon L. Increaser Il 86.11 0 0 0.40 0 49.47
Harpachne schimperi Hochst. Increaser il 0 3.06 0 7.91 0
Sporobolus fimbriatus Nees ex Trin. Increaser Il 0.69 8.37 2181 O 67.8 9.47
Eragrotistenuifolia (A.Rich) Steud. Increaserll 0 0 0 3.95 0 0
Increaser I 86.80 11.43 21.81 1226 67.8 58.94
x> — Value 131.42 28.97 0.09 12.25 13.83 26.95
P — Value 0.000 0.000 0.768 0.002 0.000 0.000

ATW, Acacia tortilis woodland; WG, Wooded grassland; SFEporobolus fimbriatus grassland; SSL, Sparse
shrubland; AXW Acacia xanthophloea woodland; CCGCenchrus ciliaris grassland.

Structure of Herbaceous Vegetation

Results from regression analysis indicated thatbasured grass height was a significant (p = .p6dictor
of grass standing crop with arf Ralue of 0.635 (Figure 2). The regression modai significantly predicted the
grass standing crop was Y = 0.054x + 2.5151; wieveas the measured grass standing crop{g/xnwas the
measured grass height (cm) arfdvis the coefficient of determination. However, gnass standing crop was
estimated at Kg/ha.
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Figure 2: Scatter plots and simple linear regressétationship between grass height (cm) and gragght (g)

Wooded grassland recorded the highest mean grasdirsg crop, 3093.10 + 582.79kg/ha and sparse
grassland the lowest, 367.80 + 46.35kg/ha (Tahl&&cia tortilis woodland recorded the second highest grass
standing crop, 1510.30 + 263.58kg/Weacia xanthophloea woodland,S. fimbriatus grassland, an€. ciliaris
grassland had mean values of 2255.20 + 262.67 kd/A&3.00 + 242.873 kg/ha and 536.61+ 0.84 kg/ha
respectively. One-Way ANOVA revealed a significalifference in the mean grass standing crop actuss t
vegetation types (F = 13.11; df = 5, 334; p = 0)00ukey HSD revealed a significantly higher meaasg
standing crop in wooded grassland compared wittetovalues in sparse shrubland, 367.80 + 46.35Kg/ha
0.018),C. ciliaris grassland, 536.61 + 0.84kg/ha (p = 0.004) &rfimbriatus grassland, 1273.00 + 242.89kg/ha
(p = 0.032).
Table 3: Grass standing crop (Kg/ha), Inter-tustaiice (cm), Grass height (cm) and Grass coveaftfutes
(Mean + SE) between vegetation types in Kimana Wél&anctuary

Vegetation Grass standing Inter-tuft Grass heilgt Grass

Type crop (kg/ha) distance (cm) (cm) Cover (%)
WG 3093.10 + 582.79 8.65 + 0.5% 7.54 +1.28 18.50 + 10.00
AXW 2255.20 + 262.6% 4.90 +0.8% 7.54 +1.8% 70.00 + 3.68
ATW 1510.30 + 263.58 10.56 + 0.78 3.73+0.58 15.00 + 4.01
SFG 1273.00 +242.89 9.93+1.4% 4.01 +0.6% 21.00 + 2.45
CCG 536.61 + 0.84 9.47 +0.3% 10.71 + 1.48 26.47 +5.37
SSL 367.80 + 46.35 15.81 +1.81 2.70 + 0.38 1.78 +1.2%°

Means with different superscript letter within the same column differ significantly (Tukey HSD test p < 0.05).
WG, wooded grassland; AXWA. xanthophloea woodland; ATW A. tortilis woodland; SFGS. fimbriatus
grassland; CCQC. ciliaris grassland; SSL, sparse shrubland.

Inter-tuft distance between grass swards was highesparse shrubland, 15.81 + 1.81cm and lowest in
xanthophloea woodland 4.90 + 0.81cm and (Table Bgacia tortilis woodland, wooded grasslarfl,fimbriatus
grassland andC. ciliaris grassland had mean inter-tuft distance of 10.58.7cm, 8.65 + 0.57cm, 9.93 +
1.42cm, and 9.47 + 0.37cm respectively. Howevas, rtfiean inter-tuft distances varied significantlyoas the
vegetation types (F = 5.699; df = 5,662; p = 0.00QKkey HSD test found a significantly higher meater-tuft
distance in shrubland, 15.81 + 1.81cm, comparedh vatver values of 4.90 + 0.81cm . xanthophloea
woodland, (p = 0.000), 8.65 + 0.57cm in wooded gjeasd, (p = 0.001), 9.47 + 0.37cm@nciliaris grassland (p
= 0.014), 9.93 + 1.42cm i8 fimbriatus grassland (p = 0.033), and 10.56 + 0.75crA.itortilis woodland (p =
0.047). Similarly, the mean inter-tuft distanceAntortilis woodland was two times higher compared with a
lower values of 4.90 + 0.8cm A xanthophloea woodland (p = 0.009).

Grass height was highest @ ciliaris grassland, 10.71 + 1.46cm and lowest in sparsebknd, 2.70 +
0.36cm (Table 3). Wooded grasslamdl, xanthophloea woodland, A. tortilis woodland andS. fimbriatus
grassland had heights of 7.54 + 1.28, 7.54 + 13873 + 0.56 and 4.01 + 0.69 respectively. The diffiees in
their means was significant across the vegetagipes (f = 10.33; df = 5, 295; p = 0.001). Tukey H$®&vealed
a significantly higher mean grass heightA. tortilis woodland compared witls. fimbriatus grassland (p =
0.008), in wooded grassland compared \8tfimbriatus grassland (p = 0.01%. ciliaris grassland (p = 0.001)
and sparse shrubland, andAinxanthophloea woodland compared wit8 fimbriatus grassland (p = 0.01), sparse
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shrubland (p = 0.002) ar@ ciliaris grassland (p = 0.01).

Proportion of grass cover was highestAinxanthophloea woodland, 70.00 + 3.66% and lowest in sparse
shrubland, 2.78 + 1.21% (Table 3). Wooded grasslandortilis woodland,S. fimbriatus grassland andC.
ciliaris grassland had grass covers of 18.50 + 10.00%,015.@.01%, 21.00 + 2.45% and 26.47 + 5.37%
respectively. The differences in their means wgsificant across the vegetation types (f = 12.2% 8, 53; p =
0.01). Tukey HSD test revealed a significantly leiglmean grass cover A& xanthophloea woodland compared
with A. tortilis woodland (p = 0.01), wooded grassland (p = 0.81lJimbriatus grassland (p = 0.01), sparse
shrubland (p = 0.01) and a higher mean grass dawepoded grassland compared with sparse shrulfjard
0.043).

Discussion

Results on stratification and classification of etgion showed that the study area was composesixof
different vegetation types, which includefl;tortilis woodland,A. xanthophloea woodland, wooded grassland,
sparse shrublan& fimbriatus grassland an€. ciliaris grassland. This suggested that the vegetation igas/h
variable, a characteristic that is common to vegatan savannas and typical of vegetation in ASAf&enya
(Mutangah, 1989; Lekoiyet, 2006; Okello, 2005; Gawedet al., 2011; Kioko et al., 2012; Gandiwa ef 2013;
Zisanza-Gandiwa et al., 2013; Okul, 2014). Previstuslies have indicated that variability of vegetatoften
results from effects of climate, soils and disturtxss from fires, herbivores and human activitieen{@ran et
al., 2008; Gandiwa et al., 2011; van der Waal et24111; andiwa et al., 2013; Zisanza-Gandiwa et2al13).
Similar factors, therefore, could have contributedhe observed variability, which are importanfpromoting
biological diversity, ecosystem functioning andetsity of habitats for wildlife use (Ruhlendorf &ngle, 2001;
Ritchie et al., 2014).

The study recorded a total of eight grass spea&mping to three ecological categories, namelgreseser
species, increaser | species and increaser |l epeEiowever, the frequencies of these ecologicgoaies
differed significantly across the vegetation typegth the exception ofS fimbriatus grassland andA.
xanthophloea woodland, which were exclusively dominated ®yfimbriatus Nees ex Trin species. Increaser Il
grass species such @sdactylon L, S. fimbriatus Nees ex Trin andH. schimperi Hochstdominated in all the
vegetation types, with the exception of wooded gjeasl, which was dominated W/ stramineum Peter, an
increaser | grass species.

The reported variation in the composition of thelegical categories of grasses across the vegetgties
and the dominance of increaser species in all ¢igetation types could be resulting from selectiiezation or
over-utilization by herbivores of highly palatalZled more preferred decreaser species such esiaris L. as
compared with the less palatable and less prefémazdaser | and Increaser Il species suc@.amctylon L., S
fimbriatus Nees ex Trin, andd. schimperi Hochst (Odadi, 2007; Tefera et al., 20L@llope et al., 2011;
Angassa et al., 2014). Moreover, the dominanc®.adtramineum Peter in wooded grassland could indicate
conditions of under-utilization or selective utdiion (Trollope et al., 2011). This grass specgeseiatively
palatable during the wet season but becomes Hardu$ and unpalatable during the dry season (Kitkal.,
2012; Mureithi et al., 2014).

Cenchrusciliaris L. occurred at lower frequency (< 50%) in woodeasgland ang. ciliaris grassland, but
was absent in the other vegetation types. Its oenae in the these vegetation types could be dumsotterate
utilization by wildlife and its ability to resististurbances including high grazing pressure andgirts due to its
strong fibrous root systems that are more than @epgdhigh germination capacity, high drought taleea quick
responses to rainfall patterns and its allelopatiaits (Marshall et al., 2012; Mganga et al., 208Bgassa et al.,
2014). However, with continuous grazing and incedadensities of both grazers and mixed feederisarstudy
area, this grass species is expected to decregséicsintly or to disappear completely from woodgassland
andC. ciliaris grassland as was observed in the other vegetyti@s. Studies that have assessed the ecological
impacts of continuous grazing using field experiteemve reported that palatable decreaser grasskesling
C. ciliaris decrease under conditions of continuous grazimhimerease under conditions of moderate grazing
(Trollope et al., 2011; Kioko et al., 2012; Angass$al., 2014; Mureithi et al., 2014). Accordingtiese studies,
therefore, wooded grassland abdiliaris grassland could be under conditions of moderalieaiton.

Other decreaser grasses that are often considevexlpalatable and preferred as forage by grazets asi
P. maximum Jacqg.and T. triandra Forssk. (Odadi et al., 2007; Treydte et al., 20R@hie, 2014) andvere
reported to occur in Amboseli ecosystem, thougHhoin frequencies (0.15%) (Kioko et al.,, 2012), were
completely absent in all the vegetation types im pinesent study. Their exclusion could be an inidinaof
heavy grazing pressure (Kioko et al., 2012).

Grass standing crop, basal cover, plant heightiated-tuft distance between grass swards were faand
vary substantially across the vegetation types. dédograssland reported the highest grass standoy as
compared with the other vegetation types. Thisadd due to accumulation of dead material resulfing
excessive self shading of grass species suéh sisameneum Peter which dominate this vegetation type and/or
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accumulation of other moribund grasses with limiteehrowth potentials. The high standing crop inoded
grassland could represent important fuel loaddifies that could develop at high intensity, whiciuld be used

to remove dead biomass, to control woody encroanhnte stimulate new grass tillers and to increase
palatability of grasses for grazers in this vegetatype (Mapiye et al., 2008; Trollope et al., 2D1

Riparian soils are often characterized by a contimnaof conditions that render them more suitalue f
growth and survival of vegetation (Richardson et 2007). AccordinglyA. xanthophloea woodland, which
occurred in riparian zone of River Kimana, recortlesl lowest inter-tuft distance between grass ssydydt the
highest grass cover, relatively higher grass standiop and grass height, hence, its soil is ptetefrom loss
by wind erosion (Yong-Zhong et al., 2004). In casty sparse shrubland recorded the highest intiedigiance
but the lowest grass standing crop, grass heigtitb@sal cover, a condition that could make it toni@e
susceptible to wind erosion (Yong-Zhong et al.,£0@ccording to Yong-Zhong et al., (2005) acceledavind
erosion can result in soil coarseness and lossilbbiganic matter.

Studies in rangelands have reported significantedese in grass biomass, grass height, grass cader a
increased inter-tuft distance between grass swardseas of continuous or heavy grazing (Yong-Zhengl.,
2005; Kioko et al., 2012; Zarekia et al., 2013)efidfore, the observed herbaceous structure inesgarsbland
could be resulting from over utilization and trampl effects of herbivores, particularly domestiaga
herbivores (cattle & shoats), which have been itegoto have a higher selectivity for this vegetatigpe
(Kipkosgei, 2016). However, other factors such Bmate and soil conditions could have influence@ th
structure and composition of herbaceous vegetaitonss the vegetation types in this study.

Conclusion & Recommendations

Vegetation in Kimana Wildlife Sanctuary was highlgriable consisting of six vegetation types, namély
tortilis woodland,A. xanthophloea woodland, wooded grassland, sparse shrubl8nfiimbriatus grassland and
C. ciliaris grassland. It was also evident that herbaceoustatgn varied across the vegetation types on the
basis of grass ecological categories, grass stgratiop, grass basal cover, grass height and infedistance
between the grass swards. The dominance of irerepecies and low grass standing crop, basal cphaart
height and inter-tuft distance between grass swardmost of the vegetation types indicated degiadat
conditions, while dominance of decreaser grassispemd higher grass standing crop, basal covant peight
and inter-tuft distance between grass swards indedograssland indicated conditions of under utitira
Hence, it was recommended that the frequenciesofedser grasses be increased by reseeding ugiag na
grass species with higher palatability and higlesistance to heavy grazin@enchrus ciliaris L. is an example
of such a grass species, and since it occurredomded grassland an@. ciliaris grassland, though in low
frequencies suggests its potential for restoradiball the degraded vegetation types. It was ats@mmended
that the occurrences and distributionGehchrus ciliaris L. species and other native species be monitor¢loei
study area and similar ecosystems in Kenya. Finaly recommended studies on soil conditions irthal six
vegetation types in the study area.
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