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ABSTRACT

This study investigated the separate and combined influences of livestock and wild herbivores
on herbaceous layer primary production in central Kenya rangelands The treatments included
cattle (C). wild herbivores (with- [MW] and without- [W] mega herbivores), combined cattle and
wild hertxvores (with- [MWC] and without- [WC] mega herbivores) and control (0), which
excluded afl large herbivores Each treatment occupying four-hectare pasture plot was
replicated in three blocks and has been operational since 1995. Standing biomass, pnmary
productivity, aboveground litter and herbage uWisabon in each treatment pasture were

measured six times between August 2002-May 2003 using movable cage method

The results show that standing biomass was higher in the growing (wet) than in dry season and
differed significantly (p<0 05) among the treatments. For the two seasons, treatment W had the
highest biomass, while treatments C and WC had the lowest In the wet season, treatments W
and MW had significantly higher (p<0 05) biomass than the other treatments, while in the dry
season, treatments C and WC had significantly lower biomass than the other four treatments
Treatment MWC that combined mega hertxvores, other large wild herbivores and cattle
sustained xitermediate standing biomass In the wet season, the highest and lowest net
primary productivity averaged 2.7+0.8 gm ? and 1.3+0.8 gnr? per day in W and MW treatments
respectively Net primary productivity declined with increased amount of aboveground fitter and
stronger correlation was observed in O (RJ*0 71. p<0.01). but significantly explained 47% of

the variations observed in standing biomass in pastures utilised by large herbivores

The proportion of standing biom ass contributed by perennial grasses was maximum In grazed
treatments while that of forbs peaked in O Penmsetum meziamm and Themoda tnandra had
lowest proportions in O and highest in the grazed treatments Aboveground litter was higher in
the dry than m the wet season in all treatments, but highest n O m both seasons In the
growing season, as high as 75% and as low as 25% of the season's aboveground net pnmary
production was utilised in MW and W respectively, while in the dry season utilisation of primary
production continued at a daily rate of 1.7 gm> and 1.3 gm J respectively In these treatments

The tussock utilisation was greatest in all treatments that accommodated cattle and most



vu

Different groups of large herbivores exhibit different levels of utilisation that differently affects
herbaceous layer standing biomass, aboveground litter and proportions of forage classes.
Seasonal* cattle alone have relatively greater reductive capacity on herbaceous layer
standing biomass than either wild herbivores alone or combinations of cattle and wild
herbivores Long term exclusion of large herbivores and fire from grazed pastures encourages
accumulation of litter which negatively correlate with net primary productivity, such exclusions
result In declined vigour of some perennial graminoid plants species such as Peonisotum
stramineum and Themeda tnandra but increases domination of dicotyledonous forbs.
Combination of cattle and wild herbivores appear to be superior management approach in
unprotected grazing lands as it maintained intermediate standing biomass and productivity

hence providing a viable management option in conflict prone savanna grasslands.
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CHAPTER ONE

1.0 Introduction

Rangelands cover approximately 51% (6 7 b*on ha) of earths land surface and support
different vegetation types such as deserts, chaparrals, grasslands, steppes, and woodlands
(Heady and Child. 1994). As sub-sets of rangelands, arid and semi-arid lands (ASALs) cover
approximately 12.4 million square kilometres in Africa, or about 50% of the tropical zone
(Darkoh. 1992) In Kenya. ASALs constitute four-fifths of the country's total land surface, host
over 25% of the total human population, slightly more than half of the livestock population

(Kariuki efal 1996). and are home to the majority of large mammal wildlife species

ASALs have been and continue to be used by domestic and wild herbivores, either separately
or jointly. Domestic slock, which comprises cattle, sheep, goats, donkeys and camels,
continues to increase rapidly as human population increases (Gichohi ef al. 1996) Though the
effects of iveslock on savanna habitats are often profound depending on numbers of animals
involved, intensity of vegetation off-take, movement patterns, urination and defecation (Gichohi
el al. 1996), their coexistence with wild herbivores has been proposed to be more feasible
under ranching and pastoral managements, than with cultivation agriculture (Pratt and Gwynne,
1977; Swift ef al 19%; Bourn and Blench, 1999) This is because there exist large
complementarities in feeding among large herbivores; between grazers and browsers, and
course feeders and fine feeders Cattle commonly convert tong grass to short grass, which is
subsequently used by other stock such as sheep, goats and juvenile stock (Gichohi ef d.

19%).

Wildlife populations of the African savannas remained relatively intact during the Pleistocene

period when most similar large mammals became extinct on other continents Nonetheless.



other pressures have recently oome to bear on these populations, reducing them to small

remnants of more Impressive herds that existed several decades ago The moist savanna

ecosystems, which constitute areas of higher agricultural potential, have been settled and the

dry semi-arid zones where much of wildlife now occurs are currently under similar threats

Habitat fragmentation and changes induced by the (removal of) traditional human activities also

continue to affect the savanna's wildlife populations (Gichohi et at 1996) It is therefore

becoming more imporlant to understand the coexistence of wildlife with enterprises that are

favoured by humans One such enterprise is cattle production Cattle production is a major

domestic livestock enterprise in Kenya and elsewhere in the world, with various ecological,

cultural, traditional and commercial purposes that could combine better with wildlife

management. It Is known that species of livestock, the Intensity of grazing, chmate and edaphic

factors influence plant species composition, below and aboveground biomass and productivity

of pasture of the common grazing lands (Woidu and Saieem. 2000). Generally, grazing directly

affects vegetation by reducing its height, phytomass, density and botanical composition in any

particular area (Whyte and Cain, 1981), But little is known of the effects of separate and

combined cattle and wild herbivores on production of the vegetation resource. Therefore, a

study investigating existence of complementary and supplementary effects of groups of

herbivores could be beneficial tor sustaviable management of rangelands

Vegetation productivity (the rate of biomass accumulation in plant tissues) and utilisation of
accumulated biomass by herbivores are two critical factors determining the type and number of
animals that can occupy an area within an ecosystem at any particular time. These also
determine the vegetation structure and Ifonstic composition They provide important
parameters to range or wildlife managers, and scientists with interest in forage quality,

production and use. Proper use of primary production ensures quality secondary ecosystem



productivity and influences production goals, management strategies and kinds ot land use In

an area.

1.1 Justification

Wildlife management and conservation is facing crisis Protected areas alone set out tor
conservation cannot guard against large-scale species extinction, ecological disruption and
biological impoverishment within the next fifty years (Western, 1996) This is because vital
parts of these conservation units are external to the protected area boundaries, which cannot
be brought to new protection without problems This is presenting concerns regarding wildlife
and livestock compatibility In Kenya, all wildlife cannot fit in the 10% protected land set apart
for conservation, consequently wildlife often occur in unprotected properties where they
inevitably interact with livestock Proposal regarding profitability of wildlife management in
unprotected areas have been presented by a number of authors including Hopcrafl (1990) and

Kreuter and Workman (1994),

Recent research suggest that wildlife possess the capabilrty of providing additional revenue on
rangelands, either due to its tourism attraction or game ranching potentials On the other hand,
cattle and other domestic livestock have traditionally been considered economically viable by
herders and ranchers This suggests that a mixed strategy of wildlife and livestock with suitable
management may be economically optimal and could facditate maintenance of desirable
degree of biodiversity (Hopcrafl. 1990, Farnsworth €t a/. 2002) even in unprotected areas.
Despite this potential, little is known of the distinctive effects imparted by separate and
combined livestock and wildlife on common rangeland natural resources This gap reveals the
need for comprehensive understanding of the multi-consumer effects on the resource that

supports wildlife and livestock Equally, for better management strateges of the savanna



herbaceous layer, more information »s required on separate and combined effects of livestock

and wild-herbivores

The findings of this study will be invaluable to conservation scientists, grassland managers and

conservation agents who are concerned with the equilibrium, productivity and interactions of

plants and animal species in these ecosystems. The information is further useful tor the long-

term sustainable conservation of biodiversity that the future well being of the tourism and

livestock industries securely depends on in Kenya and elsewhere in the African continent

1.2 Study objectives

The overall objective of this study was to evaluate separate and combined effects after eight

years of range utilisation by cattle and large wild herbivores on herbaceous layer production,

littpr accumulation and relative proportions of grasses and forbs

The specific objectives of this study were to determine

1 Effects of long-term rangeland utilisation by cattle (C). large wild herbivores (with [MW] and

without [W] mega herbivores) and combinations of cattle and wild herbivores (with [MWC]

and without (WC] mega herbivores) on seasonal herbaceous layer standing biomass,

primary productivity and litter accumulation

2 Effects of cattle (C), large wild herbivores (W and MW) and their combinations (WC and

MW C) on relative proportions of grasses and forbs m standing biomass.

3. Levels of herbaceous layer tussock and biomass utilisation by cattle (C). large wild

herbivores (W and MW) and their combinations (WC and MWC)



1.3 Hypothesis

The essential hypotheses are that

Long-term rangeland utilisations by cattle, large wild herbivores or combined cattle and
w*j herbivores have no measurable effects on seasonal standing biomass and litter
amounts in pastures

Proportions of grasses and (orbs in pasture are independent of whether long-term
pasture utilisation is by cattle, wtkt herbivores or joint wild herbivores and cattle

Levels of tussock and herbage utilisation are independent of groups of large herbivores

present in the pastures



CHAPTER TWO

2.0 Literature Review

2.1 Net primary production

Net primary production (NPP) is the total amount of organic matter assimilated by ptants less
that lost due to respiration (Ueth and Whittaker, 1975, Begon ef al 1990, Roberts ef af 1993;
Gichohi el al 1996. Molles. 1999) It includes both below (roots, rhizomes, corms, tubers and
bulbs) and aboveground (stems, branches, leaves, flowers and fruits) phytomass and has been
estimated at ecosystem level in a number of studies Root biomass alone has been reported to
account for 50-80% of annual pnmary production (Chapm Il efal. 1987). A number of studies
(Stnjgnell and Pigot 1978, Owaga 1980, Macharia 1981, Clary and Jameson 1981. Saia ef dl.
1981. Deshmukh and Baig 1983. Deshmukh 1986; Kinyamario 1987; Cox and Waithaka 1989;
Kinyamario and Macharia 1992, OkeSo 1996) have estimated aboveground component of NPP
while Ekaya ef al (2001) estimated total net primary production in ungrazed arid and semi arid
lands (ASALs) in Kenya Other studies Bouton ef al. (1988) have studied biomass dynamics m
protected and semi-protected areas m Kenya while Harcombe ef al. (1993) studied

aboveground net primary productivity in Texas prairiesof U S A.

The aboveground net primary production (ANPP) is a fraction of net primary production (NPP).
either biomass or total energy that is incorporated into the aerial parts (leaf, stem, seed and
associated shoot organs) of the plant community. It is the most important parameter of most in

an ecosystem where large vertebrates are the principal herbivores (Milner and Hughes. 1970)

ANPP has been measured in different sites of the world by different authorities using different
methods. Sala ef af. (1981) estimated ANPP in Argentina grasslands by assessing differences

in sa successive harvests measured within the calendar year in ungrazed area where livestock



had been excluded lor tour years McNaughton (1979a. 1979b. 1985) using movable cages In
Serongeb grasslands and Mordelet and Menaut (1995) in humid savanna of West Africa
estimated ANPP by summing only positive biomass increments, but with caution for possible
ANPP overesbmabon (Sala €t al 1988; McNaughton et at 1996) In North American
grasslands, ANPP has been measured in grazed and ungrazed sites (Sims etal 1978; Sims
and Singh 1978a. 1978b), and on shallow, rocky, deep, non rocky (upland and lowland) soils on
both burned and unbumed watersheds of the prairies of USA (Abrams et @) 1986).
Elsewhero in Venezuela ANPP has been estimated in burned, unbumed and in irrigated sites

(San Jose and Medina 1976)

Effects of rainfafl amount, rainfall dtstnbubon and grazing intensity have also been examined on
the net primary production in dry tropical savanna (Pandey and Singh, 1992) Light and
moderate grazing have been reported to stimulate increases in aboveground net primary
production Significant reductions in below ground net primary production with profound effects
being noted at higher grazing intensities have also been reported (Pandey and Smgh 1992)
Swmarty, higher aboveground biomass has been observed in ungrazed than m grazed
grasslands (Sims of af 1978), but seasonal tore biomass has been observed to be similar in
grazed and ungrazed sites (Sims and Singh 1978a) Significant differences have been
observed in aboveground primary productivity and reported to be higher in ungrazed than in
grazed grasslands (Sims and Singh. 1978b). Lkre biomass on the other hand has been shown
to be greater in burned than in unbumed sites and the proportions of torbs and woody plants
reported to be 200-300% higher at the former than in the latter when burned annually (Abrams
etat 1986) In East African ecosystems, aboveground primary production has been reported to
be higher under tree canopies than in the open grasslands (Belsky etat 1989. Kinyua 1996;

Okelto 1996). However, contradicting results documenting high production in the open (out side



canopy) have been found elsewhere r humid savanna of West Africa (Mordetet and Menaut

1995).

Functional groups contributing to total aboveground net primary production or standing biomass
have also attracted considerable investigation in different parts of the world. In coastal plain
pineland of Florida. Ball of al. (1981) found grasses to be the most productive functional group
recording highest (2190 kg/ha) plant bomass In the same site forts production was 334 kg/ha,
while sedges production declined from 117 kg/ha in the second year to less than 0 42 kg/ha in
the tenth year when disturbance was excluded from the site Litter accounted for greatest
amount of biomass-rt increased from 3605 kg/ha m the second year to over 8000 kg/ha N the
fifth year on the sites excluding grazing or burning. In Texas prairies. Harcombe ef &/. (1993)
reported high live grass biomass, torts and sedges n unbumed relative to burned areas and
found grasses to comprise 70-80% of the total peak biomass In East African ecosystems,
Bouton ef af (1988) reported that dead standing biomass arvd litter components had higher
biomass proportion than bve components and always comprised 50% dunng the tong rains and
94% during the dry seasons in Nairobi National Park. They further reported that more than 90%
of the herb layer biomass were contnbuted by grasses, when forbs and sedges accounting tor
less than 10% In the same park. Kinyamano and Macharia (1992) reported Themeda triandra
as the most productive grass species contributing 42% of the total standing biomass, P

mezianum 28%. dcots 17% and other grasses combined contnbuted only 13%

Resource partitioning and herbivores coexistence

Generally, aboveground net primary production is food for grazers like zebras (Equus burchoM
and Equus gnwyl), hartebeests (Alcetapbus buselaphus) and wildebeests {Connochaotes
taunnus), browsers like giraffes (Gratia cametopardalts). dik-diks (Madoqua saltiana,

Rhynchotragus kirtu and R. guenthen) and black rhinoceroses (Deems btcorms and



Cerstothenum sknum) or mixed feeders like Grant's gazefies (Ge/efTa granfi). oryx (Oryx
ga;oB3) and elephants (Loxodonta atricana) Virtually all grasslands are grazed by more than
ooe species of herbivore and a large number of these consumers depend on grass resource for
food (Farnsworth ef at 2002) They consume a good proportion of annual net primary
production For instance, McNaughton (1985) reported that between 15-90% of annual net
pnrrary production is consumed by large herbivores Components of aboveground primary
production that drop on the ground form litter and humus- food for microfauna such as termites

and decomposers (detntivores).

Most field studies on sympatric ungulates have concentrated on assessing the degree of niche
separation and identification of the most relevant differences in resource use among the
studied species. On the other hand, theoretical studies suggest that species with completely
overlapping niches cannot coexist, because if they do. ail but one of them are eventually
doomed to extinction (Farnsworth ef af 2002) The diversity and abundance of herbivores in
East African savanna can be explained, to a large extent, by resource partitiontog. high primary
production and evolutionary history (Voetin and Prins. 1999) The patterns of resource
partitioning have been well described tor different assemblages of herbivore species and such
information may be used to explain how species coexist despite extensive ecological overlap.
However, for purposes of managing multipurpose rangelands, resource partitioning and use as
exhibited by domestic and wild herbivores would be more informative Voetin and Prins (1999)
demonstrated that resource use by cattle overlapped with that of zebra and wildebeest in the
wet season, while that of wildebeest and zebra did not overlap except when resources were in
high supply Different species or groups of wild herbivores appear to have exhibited
coexistence with each other for millennia, such that overlaps at the time of resource abundance

are considered non-competitive Groups of wild herbivores and herds of cattle may coexist
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especially In unprotected areas because of differences m feeding habits, (Werger, 1977). but
more data are needed in this area for better understanding of their separate and combined

effects on resources that support their coexistence

2J2 Effects of grazing on vegetation biomass

Resource competition herbrvory and predation all have roles in ecosystem productivity.
Herbivory (grazing) on plants and competition among plants independently reduce biomass and
flowering of target plants (Rene Van der Wal ef al 2000) When plants are protected from
herbivory for a long period, competition among them is increased, however, their persistence in

the short term is determined by grazing.

Herbivores affect plants directly when they remove biomass (Pratt and Gwynne 1977; Painter
and DeBing 1981, Whyte and Cain 1981. Rene Van Der Wal 2000) and have myriad indirect
elfects on plants They modify resource availability; enhance light penetration through the
canopy (Rene Van Der Wal 2000) as they graze differentially on neighbounng plants (Belsky
1988, 1987; Belsky et al 1993; Rene Van Der Wal 2000). This suggests that short-term
exclusion of d*ect herbivore attack on plants always leads to increased plant biomass. On the
other hand, total exclusion of herbivores can result in reduced incremental biomass of older
plants (Rene Van Der Wal. 2000) This shows that grazing and long-term competition among

plants (herbivore exclusion) negatively affects total plant biomass in an ecosystem

In most cases, herbivory removes less than 10% of the annual aboveground net primary
production, but sometimes up to 50% (Painter and Detling, 1981). 85% standing crop
(McNaughton 1976). 15-90% (McNaughton, 1985) or more of the annual aboveground

production in the grasslands may be used up by herbivores. In such cases, the effect of short



period herbivore exclusion may resul in rapid increase o( cover and biomass yield of formerly

grazed plants

In the short run. grazing exclusion can significantly influence species composition and growth

forms of plants According to Sala ef af. (1986) this results in higher basal area cover in

ungrazed sites than in grazed grassland communities, but the former maintains lower floral

diversity than <! the latter Under grazed unlike ungrazed conditions biomass may be negatively

correlated to species diversity (Rusch and Oesterheld. 1997) Hence herbivory may reduce the

effects of competitive exclusion of plantspecies from an ecosystem

Sala ef af (1986) suggested that periodic disturbance on sites such as those caused by
herbivory alows for coexistence of higher diversity of vegetation species This implies that
quality of vegetation in grazed conditions is likely to be higher than in ungrazed conditions since
most plants are constantly in a growing and greening up mode, subject to favourable
environmental conditions It is apparent that grazed systems are ecologically distinct from
ungrazed ones, but for the purposes of prudent management itis to the benefitof managers to

ascertain effects when different kinds or groups of herbivores utilise rangelands

2.3 Interactive relationships among herbivores

Interactions between livestock and wildlife in African ecosystems are often thought to be
negative (Young ef @/. 1998) due to limited resources that are common and needed by both.
However, among the hertxvores. one consumer may increase accessibility to food for another
when a common resource is partitioned (Farnsworth ef af 2002) Among the wild ungulates,
1nter-spedes teteractons can be competitive, synergistic or complementary (Kinyua and Njoka
2001). In Serengeb (like in other East African ecosystems) considerabte overlap on resource

use has been observed and reported, thus ecological separation is largely due to differences in
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herbivore feeding behaviour For instance, grazing succession begins with larger species such
as buflatoes (Syncerus cater) and zebras (Equos burcheBl) followed by topi (Damaliscus
lunatus) and wildebeest (Connochaetes taurinus), and then Thomsons gazelles (Gazefte
thomsoni) (Maddock, 1979) This is probably so because most of the time larger herbivore
species are bulk feeders hence prepare the pastures for fine feeders Among the domestic
stock, presence of one species may increase the performance of another, for example cattle
increased the performance of sheep (Moms ofa/ 1999) Kxiyua and Njoka (2001) presented
log,stic interaction models tor Grant's gazelle (Gazette grant!), Thomson gazelle (Gazeffa
thomsoni). giraffe (Orate cameiopardahs). zebra (Equus burcheBi). Oryx (Oryx gazeBa).

Kongoni (Alcelaphus buseiaphus) and impala (Aepyceros melampus)

Plate 1. Complementary interaction between browser graffes (Giraffe camefopardafe. a strict
browser) and zebras (Equik burcheih a grazer) observed in Mpala Ranch Laikipia



Plate 2. Competitive interaction between zebras (Equus burchottf) and warthogs (Phacochoervs
aethiopicus). both grazers in a Laikipta glade

These models explored competitive (Rale 2), complementary (Plate 1) and synergistic
relationships among these herbivores Competitive relationships were found between Thomson
gazelles and zebras and between oryx and Grant’s gazelles Complementary interactions were
found between Thomson gazelle and cattle. Grant’s gazelle with giraffes and impalas. and
zebra and oryx. Other complementary relationships were found among Oryx, hartebeest
(kongoni) and wildebeest and finally between the hartebeest and Grants gazelle In general
these models suggest that, mixed feeders such as Grant's gazette, impala and oryx remained

complementary to obligate browsers such as giraffes or grazers such as zebras (see Plate 1).

Tno models indicate the complexity that exists among wild ungulates They also show that
greater diversity of ungulates in grazed systems may be to the advantage of ecosystem
utilisation. These results form the basis tor coexistence of domestic and w*J herbivores as the

complementary and supplementary effects may be exploited to counter competitive effects
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These models explored competitive (Plate 2), complementary (Plate 1) and synergistic
relationships among these herbivores. Competitive relationships were found between Thomson
gazelles and zebras; and between oryx and Grant’s gazelles. Complementary interactions were
found between Thomson gazelle and cattle; Grant's gazelle with giraffes and impalas; and
zebra and oryx. Other complementary relationships were found among Oryx, hartebeest
(kongoni) and wildebeest and finally between the hartebeest and Grants gazelle. In general
these models suggest that, mixed feeders such as Grant’s gazelle, impala and oryx remained

complementary to obligate browsers such as giraffes or grazers such as zebras (see Plate 1).

The models indicate the complexity that exists among wild ungulates. They also show that
greater diversity of ungulates in grazed systems may be to the advantage of ecosystem
utilisation. These results form the basis for coexistence of domestic and wild herbivores as the

complementary and supplementary effects may be exploited to counter competitive efFects.
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Grazing affects the form and stature of plants. In general, the pattern of response by plants to
hertoivory depends on the vegetation type, prevailing environmental conditions, temporal and
spatial scales of grazing (Brown and Alton 1989; Holland ef a/ 1992; Biondini ef af 1998),
Betsky (1992) found higher cover values among short-statured grass species m grazed blocks
while tafi grass species dominated ungrazed blocks An exception was Themeda triandra,
which had almost disappeared from the ungrazed block. The effect of grazing on plants largely
depends on the space and time scales considered In the short term (within a growing season),
response of net primary production (NPP) to grazing is determined by complex interactions
among various factors such as light availability, water stress, nutrient recycling, biomass
allocation to shoots and roots, and photosynthetic rates of specific plants (Lenche ef af. 2001).
Hertxvory effects on available phytomass and primary productivity per unit area determine its
impacts m the long-term scales on the entire range (Weber and Jeftsch, 2000). Quantification of
these effects needs to consider what is consumed and to what extent Previous tests of tho
overcompensation hypothesis for aboveground or total NPP have found significant
overcompensabon (McNaughton 1979b; Cargill and Jefferies 1984; Georgiadts ef af. 1989),
compensation (Beaulieu ef a. 1996) or under compensation (Rusch and Oesterheid 1997;

Maschlinskl 2001)

In simulated resource availability, teriche ef al (2001) reported weak over-compensatory
growth under hertxvory withm restricted conditions of resource availability On the other hand.
Biondini ef af. (1998) found no consistent effects of eight-year cattle grazing on aboveground
net primary production In a short period of observation, Maschmski (2001) and Puettmann and
Saunders (2001) reported that plants do not fully compensate tor lost txomass lost due to
gazing withm one growing season However, different levels of hertxvory manifest stimulation

on vertical height growth, diameter growth and total biomass of the plant (Puettmann and
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Saunders. 2001). On the other hand, cattle and wild ungulates affect plant height, total branch
length, mean plant biomass and cause plant mortality on rare willows (Maschmski, 2001). The
magnitude of the impact however, vanes with types, numbers and kinds of herbivores present,

the amount of time plants are exposed to herbivory. and the amount of recovery tone

The foregoing Merature review provides general information on interactions between herbivores
and vegetation It is apparent that the livestock - w*j herbivores - vegetation interactions are
comptex and present challenges to grassland management and operations Aboveground
primary production is continually being removed by herbivores as plant grows, but effects of
such removal need better understanding in order to generate even more appropnate grassland

management programmes Upon this premise, this study was undertaken
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CHAPTER THREE

3.0 Materials and Methods

31 Site description
The study was conducted ut the Mpala Research Centio (MRC) located 40 Kilometres

northwest of Nanyuki town in |l aikipia district, Ritt VaHoy province, Kenya The centre is situated

on longitude 36° 54‘0'E and latitude 0° 17'24'N (Figures 3.1 and 3 ?) in the Ewaso Nyiro North

ecosystem at 1800m above sea level

Figure 3.1 Geographic Location of Mpala conservancy in | aikipia District
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It* »*e

Figure 3.2 Mac of Mpala Research Centre Showing Study Site* (Courtesy of T>. Young)

Low and variable ramfall averaging 500mm in the North and 650mm in the South characterizes
the area. The rainfall has a weakly trimodal distribution w»th peaks in April, July and November
(Young ef a/ 1998) The rainfall is usually low between December and February Maximum
temperatures range from 25°C to 30°C while mmimums range Irom 12°C to 17°C (Young ef af
1998). The sous are deep clay black cotton soils (verfeols), whch cover about 43% of Laiklpta
district (Young el al. 1998) These soils are low in vegetation diversity, high in large herbivore
diversity and support some of the most productive rangelands in East Africa (Young ef al
1998) Other sod types as reviewed in Young ef af (1995) include well drafted, moderately
(JeeP to very deep, dark reddish brown, fnabie. gravely, sandy day loam to clay loam. The
overstorey vegetation is dommated by Acacia drapanokMum Harms Other woody species
Inctude Cadatoa farinose Forssk, Balanites aogyptiaca (L.) D el, Rhus nata/ensis Krauss, and
Acaaa metfifora (vaw) Benth. Dominant grasses are Unlonia nutans Stapf, Brachiaria

lachnantha (Hochst.) Stapf, Themeda triandra Forssk. Penntsetum mezianum leeke, and P
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strammeum Peter. The domtoant fort* include Aorva lanata (L.) Juss and Commalina spp

(Young ataf 1998)

32 Experimental layout and treatments

In September 1995. the Kenya Long-term Enclosures Experiment (KLEE) project started long-
term herbivore exclosure pastures at the Mpala Research Centre The experiment was
organized in a stratified block design with six treatments cattle (C). wild hertxvores-wrth [MW]
and without [W] mega herbivores, combined cattle and wild herbivores- with [MW C] and without
[WC] mega herbivores and, ungrazed control (0). which excluded aU large herbivores in the
pastures Each treatment was replicated three times along North-South gradient for a total ot
eighteen pastures ot 4 hectares each (Figure 3.3 below) Mega-herbivores (M) m this study
refer to elephants (Loxodonta africana) and giraffes (G/raffa camotoparda/rs) Wild herbivores
(W) refer to large mammalian w*J herbivores smaller than the mega herbivores that included
zebras (Equus burchoHand Equus grevyi). buffalo (Syncents carter), eland (Taurotragos oryx).
Beisa oryx (Oryx gazefla), hartebeest (Akxtaphus buceiaptm) and Grant's gazelle (GazeUa
grant/) The experiment used wildlife and mega herbivores fence while cattle barriers m
pastures dedicated tor wild herbivores alone were visual (Young Oi 0) (1998) The study
evaluated treatment effects after eight years in a black-cotton-soil savanna ecosystem The
treatments represented diverse land use and management strategies practiced m most and

and semi and lands in Kenya and elsewhere in African continent.
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YMittng* leaving dect/tfted cattle exciotun through a gate
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3 3 Determination of aboveground standing biomass, productivity and herbage
utilisation

Dunng the study period (August 2002-May 2003). six cattte runs’each having an average of
120 heads of cattle, utilised MWC. WC and C treatment pastures; as has been the case for
most of the time since September 1996. In each run’a herd of cattle (plates 3 and 4) grazed
for an average of two hours to provide moderate utAsabon levels equivalent to those being
practiced in the entire Mpala ranch Sampling (clipping) dates were synchronized such that
cattle runs'always preceded dipping activities to provide closest utilisation estimates
Aboveground net primary production, productivity and Utter amounts were estimated using
movable cage (exclosure) method in each of the eighteen 4 ha KLEE pasture plots (iustrated
vi Plates 5 and 6). The cages whose metal-bar frames were covered with chicken wire of 2.5cm
mesh internally measured 1lmeter by 1meter by lmeter These cages were set randomly in
treatment pastures as recommended by Klingman etal (1943) and moved in pasture plots as
described by McNaughton of al (19%) and daily productivity calculated by method used by

Williamson etal. (1989)

Sampling was done in wet and dry seasons. A total of six sampling dates (sessions) were
undertaken at bimonthly intervals Four dates were in the wet and two in the dry season (Table
31) because herbaceous layer changes in the wet season are more dynamic hence more
sampling frequency At each sampling date, five 1m2 cage plots and un-caged counterparts
Were selected randomly in each of the 4 ha treatment pasture IdeaHy total number of samples
would be 540 cages, but due to randomisation some cages sampled the glade areas, which
have different vegetation and productivity characteristics, and as such they were excluded from
the analysis This resulted to a final study sample of 495 cages (Table 3.1) All the herbage

bonwiss M each of these plots was clipped to the ground level and mulch (litter) removed
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Differences obtained by subtracting herbage biomass in grazed (uncaged) from those m caged
plot herbage biomass provided amounts utilised by large herbivores over the penod of

observation (KHngman of a/ 1943; McNaughton of a/ 1996)

TsWs J.1 Study .«
Treatent Dry season n « 563500 Total#
*0!l1lM» 0N m - o
I'M )
20 57 86
|fowYM(@E~ *V W d h <toriM 30 52 82
M*j»-h«rt>vw?s Witd heftc/cra and Cattle 30 54 84
Wild hertwores and cattle 29 58 87
Cattle 29 52 81
HfftmoreMcJuvon 30 45 75
Totals 177 318 495

Plate 5. Scisntist relocating cage position within 1 pasture treatment

increments in production (productivity) were estimated in the wet (growing) season by

comparing caged herbage (Plate 6) with heibage mitialy observed n reference 1 m2 plot

(McNaughton or af. 1996). Differences from all five sampling points per treatment pasture were

included irrespective of whether negative or positive (McNaughton of af 1996) and mean of

these represented productivity for the sampling date Mean productivity from various sampling

dates weie summed together to form aboveground net primary production (ANPP) over the
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effective study period The mean ANPP tor the treatment was calculated by considering ANPP
from different blocks namely North, Central and South (Figure 33) in which the treatment was
represented Mean daily aboveground net primary productivity (mass area’ time') for each
treatment was calculated by dividing ANPP (change in biomass) by the number of days in the
effects study period (Wilfcamson et at 1989). Effective study period in the growing season
refers to the mean total number o( days in which movable cages remained in the field
Seasonal standing bemass was estimated by the average dry plant material biomass

harvested inside tho cage in different sampling dates wnthm the season.

Pl»« |. Movabl* cagt on = sampling alto

The standing biomass captured both pnmer and regrowth biomass, and excluded large
herbivores from grazing dunng the period when cage was in place The proportion of perennial
grasses, torts and individual grasses was calculated from their relative contribution to the total

standing biomass in the caged plot

tach grass species present in the plot was clipped and packaged in specific paper bag Paper

bag deta*s included individual grass species. herbrvore treatment, sampling station location or
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co-ordinates. plot sWus (c*tlier reference, caged or grazed) and dale Tim oilier harvested
(uocUonal yion]e> were placed into specific paper bag (e g al torbs or all collected litter were
put into own separate |»alier bags at the lime ot harvesting) These were dried to a constant
.voKjhl at internal (within Hie bag) temperatures ranging between 50"C to 80>C and external
(outside Die bag) lemfieralures ranging from 125'C to 135C in a forced drauglit oven for 2-1
trini*s before weighing (8 liours drying tier day tor lliree consecutive days) TIx* tem(>etaluies
iyere measured usury Mie thermometers. wliicli wore placed, inside the paper bag together with

nun,.rial and in tire inter-bags space but within ttre forced drauglit oven

3.3.1 Herbivore dung piles

Data on Ireshly deposited dung piles were collected from two 200mx4m liansects totalling
tCOUm pc* herb*voie treatment transects stretched to a lull treatment Inngth on a North-
South gr.kIH-nt Itrey were 100m apart but approximately 50m from eastern and western sides
(ends) ol lire treatment |»tols Tire freshty deposited dung piles on these transects were
recorded by Irertiivoie species Tins provided indreatinns tor kinds, or groups of trerbivores
present and utilising the pastures plots as treatment According to Rene Van der Wal ef af

(2b<Mt) uiih ..hi,hi (consumption) can Im estimated using dung counts

3.3.2 Tussock utilisation

lo rloleimme herbivore preference and grazing intensities on individual grass sjiecies in
dilfereni Mbrvote treatments, grass tussocks were surveyed A total of 240 1rnlquadrats were
assessed (to plots |»r treatment) Sixteen ptuts were sampled from eacli treatment In the
northern and southern bkx* and eight other plots were from lire central block Tins was done
Once to torttor provide evidence lur large Iretlxvoro utilisation Tire characteristics recorded

UMocis quadrat, total grazed tussocks and grass species heights (stubble

HtflraaHI) Tiro individual grass species heights were summed and averaged to provide
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herbaceous layer height In different treatments Relative proportions (%) of tussocks utilised

provided hcrbrvore preferences to grass species while mean stubbto height of grass species

determined grazing intensity

3.4 Data analysis

Data on seasonal primary production, aboveground Litter and tieibage utilisation wero first
summarised before subjecting normally distributed data sets to analysis of variance Results
wore considered significantly different witen P<0.05 Significant moan differences were
sepaiated using Tukey Honest Significant Dilferonces (HSD) at P<0 05 Data on productivity,

standing biomass, litter, utilisation, tussocks and stubbie biomass were subjected to correlation

and regression analysis,
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CHAPTER FOUR

4.0 Result* and Discussion

4 1 Seasonal aboveground standing biom ass

Table 4 1 represents mean aboveground standing biomass tor all treatments during both
seasons Only treatments WC and W were signrficantly different in terms ol standing biomass
between wel and dry season For the two seasons, treatment W trad relatively higher biomass,
white treatments C and WC had lower In tlie wet season, treatments W and MW had
significantly higher (p<0.05) biomass llian the oilier treatments, while in tlie dry season,

treatments C and WC had significantly tower biomass than the oilier tour treatments

Tabic 4 1 Mean tcatonal (landing Womat* fern-1) by trcaUnerto

Treatment WeTseasw Drytenon

c 324.9tli.fel 201 9470 1m
wcC 3429*159" 2834416 9=
MW 3480416.1 314041/9*
w 441 1*168* 3/7.8123.1*
KM 375.0116.4M 3584122 7
0 366.6118 5* 3230120 7

Results ol tins study show that pastures utilised by cattle atone have relatively lower
herbaceous layer standing biomass, while thoso utilised by wild herbivores without the mega
herbivores have higher irrespective ol lhe season The intermediate standing biom ass obtained
m this study in pastures utilised by both cattle and wild herbivores suggest that (lie two can
coexist in a common range at the current level ol stocking. The coexistenco hinges on lhe
supplementary w cwnt>k)mentary effects of different herbivore species on each otlier's niche
(Kinyua and Njoka. 2001) Therefore, with respect to herbaceous layer resources, itseems that
in pastures aready occupied by cattle, inUoduction of other mammalian wild herbivores might
l,dwe a uxnPfementary effect This could provide a viable solution to tlie crisis facing
conservation in the unprotected lands. The standing biomass to pastuies utilised by both cattle

herbivores could be due to (ho tact Hint wild herbivore species are at minimum impact
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density to avoid diiect contention with domestic animats or tfwt Ifse level of cattle grazing and

i the seasons could also have affected tl>e interactive effects

observed with wild horbivofos Other explanation to this could on the basis of grazing
succession patterns At the end of a wet season. Maddock (1979) observed that Thomson's
gazette occupied parts of pta«is previously used by zebras and wildebeests McNaughton
(1976) reported grazing succession of zebra followed by wildebeest and then by Thomson's
gazelle In Itw present study, itis thought that after cattle have utihsed pastures, wild herbivores
of equivalent or higher body mass such as elephants and giraffes, utilised those pastures
relatively much less, but spent more time in adjacent pastures dedicated to wild herbivores
alone This could be due to the large herbivore s tendency to utilise certain herbage heights
(Farnsworth d at 2002) and may probaWy be suggesting that cattle may not facilitate lor

herbaceous layer utilisation for mega wild heibrvores, even though tltey may do so lor wild

herbivores with body mass less than their own

Evidence based on relative number ot fresh dung piles of different herbivores within the various
treatment pastures, roveal that elephant actrvity In MW treatment was twice as much as In

MWC mid zebras activity was also relatively higher in treatments that excluded cattle (Table

42)

can . . (Wanrt W
-Mdr r i N mj tttn  Oryt  llattMeM

vac sl - - - 147 2

MWC 812 - - 16 65 59 16 12 18 0

w rj2 - 4,3 06 68 93 06 31 31 7

ey eo - 33 220 275 55 66 28 6 6

70 . 29 133 95 430 209 48 6.7 7

*kkkk ¥%%] ) n— mmm | —

**xxx% and sleenbok activity was relatively higher in W than m any other treatment

6 3nd

* W* referenced together Giraffe nppoarod (u avoid pastures with cattle presence

du"y

*'t«»Pd.ingpWnp* tawlhwh,Uo.Mnir<«l

"of be distinguished especially in WC and MW C treatment
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(MWC) Jessie thelad (hat the tormor a obligate browser and ttw latter almost obligate grader
In genera* most targe mammalian w*J herbivores reduced their presence in pastures with
cattle presence, this could have contributed to intermediate herbaceous layer standing biomass
observed in pastures combining cattle and wild herbivores. Hence large and extensive pastures
need to be planned in such a way thal tfiey accommodate areas (or wild herbivores alone In

addiion to combinations ol domestic and wild herbivores

The essential null hypothesis was that long-torm rangeland utilisations by cattle, large wild
herbivores or combined cattle and wild herbivores had no measurable effects on seasonal
herbaceous layer standing biomass and Mter amounts m pastures In the light ol resutts and
the foregoing discussion, this study fails to accept this hypothesis and infer Hint separate and

combined cattle and wild heibivores utilisation havo effects on soasonal standing biomass

4.2 Herbaceous layer aboveground net primary productivity (ANPP) (gnv])

Figme 4 1 presents mean aboveground net primary production by treatments measured In the
growing season These represented mean daily aboveground nel primary productivity ol
2.510.2gm*. 1.910.4 gm?.2.010.4. 2.710.8 gm*. 1.3i08 gm ; and 1.9t0.1 gm>per day In
treatments C. WC. MWC, W, MW and O respectively Results show that aB grazed treatments

except MW oxhifoled higher mean ANPP than the control (O) (Figure 4 2a).

Treatments C and W had the higtiest ANPP. and MW had live lowest As shown in the (Figure
4 1). standing biomass in treatment utilised by cattle alone was minimum relative to other
treatments (Table 4 1). Itowovor productivity was high This could be attributed to the fact that
pCinls incaP*w® d compensabng lor all their grazed biomass within a growing season

(M" Chin**'- Puettmann and Saunders. 2001) Also the fact that cattle grazing results in

lower stubbte height (Maschmsto, 2001) means tow available standing biomass.
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Results of the study are consistent with experimental studies n Canada (Cargill and Jeffries.
1984; H * and Jeffries. 1990) and m East Africa region (McNaughton, 1979a. 1979b, 1985).
Mtilch have shown ovidence that herbrvory could maintain (compensate) or increase (over-
condensate) aboveground net primary production above the controls (Figure 4 2a). Although
the increased plant growth and reproduction that occasionally follow grazing can be interpreted
in terms of overcompensation. Betsky ef al (1993) argues that a simpler explanation is that
they demonstrate vigorous regrowth by damaged plants and that regrowth is a generalized

response by plants to all types of damage not just an adaptation to hertxvory,

400

C MW MwC 0 W WC

Figure 4.1 Mean aboveground net primary production measured over a period of 133
day* in the growing period
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Figure 4 2 ANPP m grazed treatments after subtracting AMPP In the ungrazed control (O) for total herbage
ANPP (a) and forage clast ANPP <)

Compensatory growth data has been subjected to theoretical mathematical models and has
been shown to be plausible when herbivore utilisation affects the rate of recycling limiting
nutrient (Dyer ef af. 1986). relative growth rate of plants during certain period of growth (Hdbert
ef al. 1981). cause loss of limiting nutrient (de Mozacourt efaf. 1998) or restricts the availability
of resources required by growing plants (Lenche of af. 2001). However, work done by Rusch
and Osterheld (1997) In Argentina reported under-compensation From the resuRs of the
present study, it can be inferred that there is under-compensation in MW and over-
compensation in treatments W. C, MWC and WC. Treatments W and C can further be nferred
to have strongly overcompensated ANPP while MWC and WC weakly over-compensated W
strongly overcompensated ANPP with highest standing biomass in grazed pastures and it
represented the grazing mtonsity at which overcomponsabon was maximisod Treatment C
strongly overcompensated with least standing biomass Treatments MWC and WC weakly
overcompensated while mantairong intermediate amounts ol standing biomass Conversely,

MW strongly under-compensated whrfe maintaining second highest standing biomass.
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Most pasture treatments utiksed by different kinds or gioups ot large mammalian herbivores
maintained Iretbag® ANPP above the ungrazed control (Figure 4 2a). This is piobaWy due to
the rankness ot liotbaceous plants and increased hilar accumulation m (tie control treatment
Hilbert et # (1901) concluded that tliore exist complex relationship between rotative growtl*
rates and jiroduction following grazing by diflerenl herbivores This complex relationship could
be a reason lor tire herbaceous layer productivity patterns observed in ttie present study
Treatments w-th high standing biomass such as MW gave lowest ANPP. those with lowest
sl.imIlmij biomass such as C having high ANPP. and yet olhers sudi as W sustaining both
highest :.I.md«Kj biomass and ANPP A number of mectianisms may account lor increase in
primary piodudivity following grazing Tliese tMludn increased jihotosynHielic rales in tissues
remaining after grazing (Painter and Oetkny, 1981). high proportion gf stored carbohydrate
iHjmg mobilized to the giazed parts lor production ot new leal area, increased tillering (Hilbert
efa/ 1901) ik opening up of the canopies and mcieasmy hglil penetration. conservation ol soil

moislute Iy reduced transpHdtion.il leal area and other rndnect mechanisms (McNaughlon

1979a)

I)itleient linage classes grasses, foibs and individual forage plantspecies respond differenlly
to grazniy thus lliey make different conintmtioiis lo total herbage ANPP In Ihe present study
grasses uvercompensaled ANPP in alt grazed treatments while forbs under-compensated
(Figure 4 21)) Delsky (1986. 1907) and Delsky ef nl (1993) gueslion Hie validity ol Hie over-
compensatory theory and casts doubts as lo wtiolhcf compensatory gain is ol any relevance to
grassland managers Current results lurtlier casts doubts wliothor it is ecologically proper lo
partition ANPP according to resjiectrve forage functional groujis present hi pasturos wfien
compdiiny kmy term giiized and unyiazcd pastures. However, regardless of what one calls
increased plant yiowUi following grazing, management docisrons slioukl tie based on standing

biomass which ts lhe lompononl that is usualy nvailablo to grazing animals It Is also
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appropriate lo understand lire age of the sward before grazing since age of Uie residual leaf

area has an influence on lho plwtosynthotic efficiency and hence tire regrowth rale

Presonco of mega herbivores resulted in decline in herbaceous layer aboveground productivity

especially in pastures separately utilised by wild herbivores The highest productivity was

recorded in W treatment that excluded mega herbivores, while the least was observed in MW,

where mega tierbrvores were present Altfiough pastures utilised by cattle alone consistently

exhibited the least standing biomass, they maintained high productivity ratos (ANPP).

suggesting that tlitey could reduco iho negative effects of mega herbivoreson herbaceous layer

productivity thus MW had significantly lower productivity than MW C Though information on the

direct effects of trampling on herbaceous layer productivity is scanty (Rusch and OsterhekJ

(199/). tlie strong negative effects of moga lieibrvores on tho lierbaceous layer productivity

observed In Uus study could be attributed lo complete physical destruction ot lierbaceous layer

plants thiough I*ool action resulting m Ikmc ground pockols as is dearly visible in Plate 7

Tlieso effects aro probably reduced by cattle, which often visit MWC in both dry and wet

seasons hence increasing herbaceous layer productivity The hoof actions of cattle result in

pitting-likp effects on bare compacted ground, this probably nay have favourable condtons lor

herbaceous plant species seed recruitment, growth and productivity and hence recovery from

trampling effects.



Plate 7. Elephant track made In the wet season A persisting as bare ground In the dry
season in MW treatment southern block

4.2.1 Relationships between standing biomass and monthly herbaceous
layer productivity

For all grazed treatments, monthly herbaceous layer productivity significantly (Fji, «r36.3,
p=0.0001) accounted for 47% of the variations observed in standing biomass in the growing
season. Figure 4 3a-d presents linear regression analysis of standing biomass as a function of
herbaceous layer monthly productivity These regression results reveal that there was high
correlation between standing biomass and herbaceous layer monthly productivity in grazed
than in the ungrazed pastures In aM treatments, initial standing biomass at the beginning of the
growing season is marked by the Y-mtercept The monthly productivity explained 74%. 62%.
56% and 26% of the variations observed m the standing biomass in pastures utilised by cattle,

combined cattle and wild herbivores, wild herbivores and ungrazed control respectively
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Figure 4 Ja-d R*t*txxi(hipf betwuon (Landing biomaii (APT) and monthly productivity m pasture*
utilised by a) Cattle and wild herbivores b) cattle ¢) ungraded d) Wild herbivores

These regression results demonstrate that in pastures dominated by perennial grasses, the
lower the standing biomass at the beginning of the growing season, the higher the Impact of
the herbaceous layer productivity on the end of season production From those regression
results, it is suggested that herbaceous layer productivity butfds up standing biomass faster in
pastures dominated by perennial grasses where standing biomass at the beginning of the
growing season ranges 150 - 200 gm-’. Heitschrmdt e# at (1982) noted that reduction of
standing crop biomass accelerates vegetation growth and increases aboveground production
under moist environmental conditions Gutman of at (1999) concluded that with grazing
deferment during tho growing season, herbage production could be maintained at normal levels

even under heavy grazng pressure during the subsequent grazing season This implies that



36

under favourable soil moisture conditions, forage plants are capable of maintaining production
even after a substantial proportion of Overt phytomass has been removed. While tire preceding
discussion underscores the importance ol herbage productivity in the growing season, the data
of tills study showed that the amount of bromass consumed by large herbivores in the growing
season provide weaker explanation to the variations observed in standing biomass (13% (F|t
1.d=9 1. p=0 0038) This shows that during the growing period, the negative effects of herbtvory

on standing biomass are ameliorated by plant productivity.

4.3 Relative proportions of forbs and grasses in standing biom ass by treatments

fable 4 3 presents the relative proportions of grasses, forbs and other herbaceous layer plant
species categories in each treatment Perennial grasses comprised the most important forage
class in grazed pastures while forbs importance increased in ungrazed pastures. The relative
proportions ol forbs increased to 256% and 282% (Table 4.3) in the wet and in Hie dry
season, respectively over the eight ycais ol laiye herbivores exclusion (1995-2002) The
proportions ol key peienmal grasses remained tower in ungra/ed pastures than those recorded
In the grazed treatment This suggests that forbs probably out compete grasses in pastures
devoid ol large lieibivorcs Altfiough large herbivores reduce phytomass ol grass plants
through consumption, tltetf dung and urine deposits influence nutrient transformation,
translocation How tales and nutrient availability due to feedbacks, tliereby prompting positive
plant lesponses to grazing and nitrugen additions Large horbivores may also influence
nitrogen mineralisation, facilitate rapid substrate decomposition and increase the rate ol
mtrogon recycling (Stiariff of al 1994) On the other hand, these herbivores may also
mechanically disperse seeds and reduce the sizes ol competing plants (Belsky. 1986) Grasses
appear to be the primary beneficiaries ol a number of tfiese aspects as their productivity is
promoted under giazmg conditions Consequently, tho proportions of foo dominant perennial

grasses icmamod luglier in aH grazed tieatmonts than in the ungrazed (Table 4.3) On the



*7

oltrer hand, furbs aie suppressed by grazing Combined use by cattle and wild herbivores
further appear to suppress forbs (fable 4 3) In all the treatments, annual grasses arrd sedges
contributed higher biomass during lire wet than the dry season The proportion of sedges was
least in the control treatment than in any of the grazed treatments Tbis is consistent with the
results of Bal of al (1981) who observed their value to have reduced to less than 0 42 kg/ha in
the tenth year m ungrazed-unbumed pastures. In most savanna ecosystems, grasses have
been reported to be the most productive herbaceous layer functional group (Ball of al 1981;
Bouton of af 1988, Harcombe ef al 1993) whilo forbs and sodges have been found to

contribute only slightly to tfie Iretbago structure and function ({Jail ef of 1981, Harcombe of of

1993)

Tibia 4.3 Mf»n paccanl (=*e) MMonal proporbona oT giasset, tabs and other herbaceous layer puUnt
species classes In each bailment

Dominant pamivitzil OlhmiwninW
Fwha JtIMM" Annual gra*t«* Ssdgn

Wrl Or, Wil oV WH Urv Wt Qr W+ r»
C 70«0.7 W9*23 184138 13573 38.21 2010 1304 0101 1711 04101
WC 847»71 <2011 73 76%*10 38*16 7940 2205 2l1i71 06<2 0403
MWC MS*10 <57;10 85*10 83110 31*08 5416 15t04 04*02 14105 03101
w 1823 MS'l6 126*22 10915 39H1 5026 06*02 02t01 1107 03401
MW 3512 854119 9812 10715 56*19 38i12 0602 OHOI 04t02 02100
Y, 68741 08708 756*41 782*38 51*70 2509 0703 04103 0301 0201

*fneoynmrlpw ril
" (i SIHWKv ptxnm* gfjmn im itfri

Tt»e effects of mega herbivores such as elephants on vegetation have mainly been associated
with the oveistorey plant species, - specifically trees and shrubs (Dublin 1995, Sinclair 1995).
but marginally witli Iretbaceous layer species Comparing lire proportions of forbs in W and
MW. it is apparent that presence of mega herbtvores (elephants and giraffes) in pastures
utilised by wild IreiUvuros alone over a period of eight years suppressed the proportion of forbs
(Table 4 3) In both wet and dry season, treatments utilised by combined wild horbivores and
cattle (WC and MW C) registered slightly higher proportions ol dominant perennial grasses lhan

those lound «r treatments separately utilised by eitlrer cattle or wiki herbivores This trend,

however, was notobserved in lorbs (Table 4.3).
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4.3.1 Effects Of larye herbivores on tho dynamics Of Key grass species

Extending the herbivore optimisation hypolliesis to individual grass species. Hendnx and Trapp
(1989) reported failure of compensatory responses to offset reducborfe m maternal fitness of
(tie damaged plants of tfte species Posttnaca saliva. Hlk and Jeffries (1990) reported higher
ANPP and biomass in tire graced than tte ungrazed swards ol PucdnoMia phryyanodos In the
present study, a total of eleven perennial grasses, several annual grasses and sedges were

identified on the study site

lib1* 4.4 ReUtiw »=mtonal proportion* (%**e) o»h*y peronnW 9m m tn*Und»ngb k am In dtffertnt
trralmmt* ’

Penmvtum Uractoana AmnMbm Thomodn lintono *
Treahnenl sfra-iir m [HtIW nfte W Iw W Tnanfra nutans
w* Ik, Wet firy Wrl onr wrl Dry Wrl u.,

c 20*51 195152 IB1*44 706(40 162(36 14.547 135138 76*30 3911 57*14
wc 30>146 31 7*52 704136 140*30 116133 170133 104*23 12.534 63*29 5Sit5
MWC 310*06 310(46 166*46 17.7°32 216*53 153"34 116131 146(25 4511 4908
w 756(56 206*5 1 279146 196(46 136131 170(27 n7%14 179147 36*11 41111
MW ZIM | 175143 266(4 3 279*39 177140 701*36 135140 179(37 4511 6715
0 235453 2044 20555 71547 1046 1Btl4 7549 9240 35H6 417,1

Tin? perennial grasses included Pennisetum Strammeum. Utac/ua/la lachnantha. Pennisetum
mezianum, Themeda tnandia, Untonia nutans. Butttnuctfho insculpta, Erayivstis tenuUbha.
Dkjrtatia miatyana. Seiatia sty and Cynodon sty The annual grass species were
MnJitocttba kuntiw. Btachiatta wuufumts. A/istkto kinensis. and Dinebra retrofiexa Five of the
perennial grasses (Pennisotum stramineum, Bnchiaria lachnantha. Penntsctum mezianum.
llkstncda ttunnUa and Lintoma nutans) contributed more 70% ot tfie seasonal standing
biomass in all tlie pastures PenntseUun st/a/iuncum was tlie most dominant during both
seasons in C. WC. MWC and 0 treatments, white Btodmna lachnantha was the most
dominant in W and MW. Pennisetum moiianum maintained third rank in most treatments
(fable 4 4) while Tltemoda tnundia was fourth in most treatment except In treatment W during
trie dry season whore rtoccupied the third rank to Btachtana lachnantha m tlie sub-dommant

The proportions of lhametta tnandiaand Penntsctum mezianum greatly declined to miniscule



proportions *i tho ungraded pastures implying that they succumbed to competition from forbs

This also suggests trial exclusion ol laige herbivores and hence the nutrients they add on
pastures have direct contribution to the reduced vrtahty ot these perennial grasses.

Y
Comparisons of grazed treatments and ungrazed treatment show that proportions of
Peniiisetun} sKkmtneum were relatively higher in ail grazed treatments except in C and MW in

Die wet season Brachiaria lachnantha was relatively higher in grazed treatments except in C.

WC and MWC m wet season.

Comparisons of W and MW revealed that presence of mega lierbrvores reduced proportions of
Penniselum slrammeum, but increased Itwso of PenrUsotum nw/mnum and Lintorua nutans to
botli wet and dry seasons (table 4 4) the TaWe 4 5 presents monthly standing biomass
dynamics tor torbs. donwiant perennial grasses and other herbaceous plant categories in each
treatment whrfe figures 4 4 and 4.5 present monthly herbage standing biomass recorded

between August 2002 and April 2003

As the second hypothesis of this study states, proportions ol grasses and torbs in pasture are
independent ot wtiether long-term pasture utilisation Is by cattle, wiki herbivores or joint wild
herbivores and cattle. However, as indicated by the results and tlie loregoing discussion, this
study tails lo accept ll»o hypothesis and infer that presence ot wiki herbivores or cattle In
pastures either separately Or in combination affects the proportions ol grasses and torbs. This
is an indication tfial the relative proportions of functional forage classes (grasses, torbs) or
even of lire individual plant species largely depend on the kinds of herbivores accessing the
pastures over a period ol tone. This is to agreement with suggestions trom several previous
studies that herbivores may act as ecosystem regulators by modifying productivity and

community structure (Chew, 1974)
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laWo 4.5 Monthly moan standing biomass (gm0 lor lorfes, individual dominant parannial grata apaciaa.
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4.4 Aboveground littor

Table 4 C presents mean seasonal abovoground amounts of toter in each treatment Average
amounts of litter were observed to be consistently high in the dry than in wet season in all
treatments This observation concurs with that ol Bouton ef a/ (1968) wtiere peak values ol
litter were reported in the dry season Ekaya and Kmyamaiio (2001) observed lowest
>
aboveground litter amounts to occur during rainlal peaks In the present study, there were
significant differences (P<0.05) between the wet and dry season aboveground litter amounts in
treatments C. W. MW and 0 (Table 4 6) In both wot and dry season, mean aboveground litter
inC. WC. MWC and MW treatments were similar but differed significantly (P<0.05) with W and
0 treatments Hie control treatment (0) maintained higher titter amounts In bolh seasons than

all the other grazed treatments This is probably due to accumulated moribund aboveground

herbaceous layer components and low decomposition rates

Balt of at (1981) reported more than two fotd increase in litter between the second and eighth
year on ungrazed utibumed sites Green and Kauffman (1995) reported that aboveground litter
in ungrazed sites was twice as much as in grazed sites The high abovoground titter in
ungrazed ecosystems can be largely attributed to few organic matter decomposition rates
Heitschmidl ef af. (1982) reported relatively slower rate ol disappearance of standing dead
biomass mi ungiazcd pastures litter accumulation is generally associated with few soil
temporaturo. improved soil moisture regimes, and subdued light availability tor seedfcngs and
individual plant species Litter accumulation may also result in nutrients immobiised in litter

pool (Green and Kauffman, 1995)

Decomposition rate is influenced by moisture, temperature and chemical composition ol the
litter (Mottos. 1999) Sharif! ol at (1994) roported higher decomposition rates in moderately

grazed than in long lerm ungrazed pastures of North Dakota Tliese reports impfy that tlie rate
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ol aboveground organic mailer decomposition in the present study cook! have been higher in
the wet season hi grazed than in tfe ungrazed pastures This could have contributed to lower
litter amounts observed in tt»e wet than in the dry season in all treatments in the study

Table 46 Seasonal mean aboveground litter content! (=te) by treatments

TiealmeoJd Wei (Nion gm3 IAySMMngm
c 669r58" 96418 7"
wc 68 1+55" 73918 7"
mwi: 613159" 777180"
w /9 715.0W 1342i8 7"
MW 57 815 7- 90718 7"
0 95 115 9* 120.918.5*
n*Ann | KW H W HIn n* tanr n+nr* aid dWryntaewvnn neitiM n fr wne Km thorn
(HVinvei

Begon ef a/ 1990 profiled wet and dry season patterns of dung decomposition in grazed
pastures, they noted that during the rams, the area becomes alive with dung beetles a few
minutes alter elephantdung is deposited on the ground In the dry season, dung deposited had
onty few colonies and activities of tt»e beello declined as Hie dung dried out lhus, generally.
deconi]iosition is presumod to bo higher in grazed than in ungrazed pastures and In wet than in
dry season |his suggests that both transient and resident herbivores supjxess accumulation
of aboveground Mter During wet season, grazed pastures grow very rajridly resulting in build
up ol standing biomass but simultaneously, aboveground titter declines rapidly from the

pastuies In the dry season. sLmdmg bromass dechne as aboveground litter increases

4.4.1 Relationships between aboveground litter and productivity

Ilie linear regression analysis between aboveground primary productivity and aboveground
litter accumulation revealed negative relationships in al treatments The data showed that
strong negative relationships existed between herbaceous layer productivity and litter amounts
in 0 (r*'»-071, P',0(XM4 < ligure 4 6a). Itws suggests that pastures with high litter
accumulation are likely to exhibit lower rates ot herbaceous layer productivity hence litter

accumulation allocts ttie rates ol herbaceous layer productivity
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Figure 46 *-d Effects ol aboveground Mar on harbacaous layar primary productivity in umdlltMd
pasture* (control) (a), and pastures utilised by caffla (b). wdd hertworea with mega harbivores (C) and

wMd herbrvores without mega hertxvora* (d)

4.5 Utilisation by larga horbivoros

Tabl* 47 Mean daiy herbage biomass iXUisatoon It*# gm iday”) by targe herbivores In different
treatmentsands e a s 0o n

Treatment Wet season Dry temoon
C 13240.50 1581047
wce 081i0 43 13210.07
MwWC 0.7710.33 1.511015
w 0.841026 1281041
Mw 0971082 1701004

Table 4 7 presents mean daily herbage utilisation by large herbivores in different treatments
Utilisation by large herbivores was lower in the wet than m the dry season in aH treatments

Treatments C and MW had the hghest daily herbage biomass ubleabon In the wet and dry
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season respectively while W had the lowest In both seasons. On tl>e overall, approximately

53%. 42%. 39%. 24% arid 75% of wet season's net primary production was uWised by large

herbivores in C. WC, MWC, W and MW Ireatments respectively Painter and Detfcig (1981)
\

reviewed that herbrvory removes 10-50% of annual ANPP, however, some studies conducted in

the East African region reported that 15-90% of annual ANPP (McNaughton. 1985) or 85%

standing crop (McNaughton 1976) could be used up by largo herbivores. Wilms €t af. (1996)

reported a loss of more than 50% of available herbage to non-livestock species, decomposition

or to Kkltor pool

4.5.1 Tussock utilisation

Herbage biomass utilised by large herbivores negatively correlated with stubble biomass (Fp
,0i=10 78. p=0.0082, R7=0.52) and positively correlated lo the number of tussocks utilised (Fp.
,0,=6 69. p=0.02/1, R"-0.40) Tlie stubble biomass negatively conelated witfi lw proportions of
tussocks utibscd by largo herbivores por unit area (Figure 4 7) These results suggest that, to a

largo extent, the number of tussocks utilised by herbivores could be used to estimate the

amount of herbage removed by large herbivores

fable 4 8 presents the total and grated number of tussocks, mean tussock height and tussock

stubble height in dittoront treatments Mean total number of tussocks per unit area (tussock

density) was highest m MW C treatment (21 4 H O) and lowest in W treatment (15.510.8). Mean

numbor of tussocks utilised were highest in WC (158HO0) and lowest in W treatment

(4 2>0 4) Treatment MWC had the lowest moan stubble height while the highest was in W

treatment
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Percent (%) utilised swards mA 2

Figure 4.7 Relationship between proportions ot tussocks uttifsed by Urge herbivores and standing
biomass Ingrazed pastures

Table 4 8 Mean total number o( grazed tussocks (m »), mean tussock height and mean tussock stubble
height in different treatments

Treatments Total number ol Number ol % tussock Total tussock Stubble he”ht

tuMOcksm* grazed tussocks  utiksdtion taught (an) (cm)
ml

c 187(1.1) 13.9(L.1) 743(59) 53.0(20) 138(10)

e 209(1.1) 15.8(10) 756(50) 63.4(2 9) 15.3(1 1)

MWC 21.4(1.0) 150(1.1) 7014 9) 50.2(2.3) 105(08)

w 155(08) 42(04) 271(39) 64 4(10) 187(1.1)

MW 167(08) 70(0 7) 419(4 5) 653(16) 151(09)
160(1.1) 67.7(2.5)

Sirém ftpomit-+ < — -  th-

4.5.2 Preference of dominant species

Table 4.9 presents relative proportions (%) of tussocks of key perennial grasses utilised

Ponrusetum slrammeum was most preferred in both C (22%) and W C (23%), Thcmeda tnandra
preference ranked second in these treatments In MW C treatment. Urrtoma nutans was the
most preferred (16%) while Ponnisotum straminoum ranked second, others included Bractiiaria
lachnanthaand Themoda triandha, which showed sandar preference (Table 4.8). In W the most
preferred grass species Penmsetum strammeum (7.1%) followed by Thomoda tnandra (6.5%).

Ponnisotum moztanum and Lintonia nutans had equal preference in this treatment In MW
Brachiaha tachnantha (11%) was the highly preferred dominant grass followed by Themeda
tnandria (10%). The preference of grass species differed with groups of hertxvores ut*smg the

pastures. However, m general Ponnisotum stramineum received relatively higher preference in
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most treatments except in MWC and MW where Untonta nutans and Biadmia lachnantlta

were respectively relatively more preferred

rabto 4.9 Relative proportion* (%) of tussock* of key poramal presto* utilised In Mcfi treatment

TfMtment nemusotum Biachtana flwraafum Thmeda Lmtornanutans
Uranwwum MntnCu mooanum IrurclOd
% % % % %

C 219 128 102 703 80

wce 234 153 105 1579 100

MWC 154 14 95 93 1495 1618

w M 43 45 6 45 45

MW 6.6 114 84 96 599

w e e i 0igiMed tuesoda per total lussocts'
4.5.3 Grazing intensity on dominant species

lab** 4 10 Th* m*an ungraded heights and r**p*ctiv* stubW* height* (cm) of k*y perennial grass** in
each treatment

Troatnwnt rwmselum BtaMam fewmsefuw lhemeda Lrtono nutans
sti.ummum liK-tnKWttm me/»num inantUu
Unhgl Stubbto unfigt StutWo wnhg< Stufalo unhgt  Stubbie unhgt  Stubble
C 460 711 437 105 317 210 463 76 33»H6 84
wce 513 235 500 97 424 171 489 101 449 96
MWC 453 196 389 90 412 117 376 67 398 85
W 501 731 532 166 329 253 467 134 471 179
MW 453 237 536 144 457 172 599 12.1 571 121

Untigl* "van lyyt.i/ral i*«jhi and Sfctttonnran scute hrejbtx nicatora gnunj mers|r.

Table 4 10 presents mean ungrazed and Stubble Isosghts lor key poronnial grasses at different
treatments Front Utetr mean stubble heights. Thomeda thandm, Brachiaria lachnantha and
Lintonui nutans received heaviest grazing intensity si all treatments than Ponmsetum
stianuneum and Pemusotum me/ianum m ail ttie herbtvore treatments This could be due to
Iheir general verticil stem characteristics, witch are relatively softer and occur in clumps. This
enables herbivores to rentove more per brio and hence, a lowest net stubble height On the
other hand, m the case of Pennhmtum sttaminoum and P mo/ianum, tho stems are much
louglter and mostly occur singly aboveground 1herefore. herbivores only utilize the upper leafy
and soft stem parts leaving the rest of die stems as stubble These species traits together with
fierbivore muzzle sizes, can to some extent explain salient differences in intensity of utilisation

among grass species



4.6 Management Implications

The data indicated that utilisation of pastures by both cattle and wild herbivores maintain
intermediate herbaceous layer productivity and standing biomass™ This provides a better
direction for ecosystem management in the future than extreme productivity observed in
pastures separately utilised by wild lierbrvores or cattle This aBows for diversity of native and

domestic boUrversity coexistence al U»e crucial time when native biodiversity are threatened

with habitat toss in tho unprotected savanna ecosystems

Large and extensive pastures need to be planned in such a way that some sectors are made
available tor separate wild herbivore utilisation wtwfe others tor joint utilisation with domestic
livestock but none sliould totally exclude large tierbivores. In this study, seasonal herbaceous
layer standing biomass and productivity were not highest ai heibrvoro exclusion pastures Tho
only parameters that liad tfie highest values in such pastures were litter amounts and totbs
proportions The patterns revealed by proportions of key perennial grasses imply that grasses
need to be monitored periodically in grasslands nhabrted by a diversity of large herbivores, so
that detection ol over utilisation of particular typos of grasses can proactively stimulate
management responses TlIms can also prompt Unety decision for responses that facilitate

application of rest, burning and reseeding management practices

in making management decisions, tticse results indicate that protected areas should be
maintained in Uieir contemporary form as in their current slate they coukJ maintain higher
aboveground production. Dot if need bo. lliere is no evidence that controBed cattle utilisation
could damage their herbaceous layer resources However, unprotected areas need to be
encouraged to accommodate wild herbivores, this is because joint utilisation of pasture is more

beneficial to production ol herbaceous layer vegetation resources
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Pastures destined tor utilisation by cattle alone should be encouraged only under very

restricted and well defined management plan This should be so as long as the management

seasonally monitors proportions of (orbs and grasses in such pastures In areas where cattle
>

are the dominant grazer, it would be practical to accommodate w*d herbivores while allowing

for long teim monitoring of tho system and documenting the dynamics of ttve herb layer

productivity and cover This kind o( monitomg may also provide necessary information on how

protected areas may be managed for posterity
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CHAPTER FIVE

5.0 Conclusions and Recommendations

5.1 Conclusions

1

The results disapprove the study hypothesis that large herbivores do not have
measurable effects on seasonal herbaceous layer standing biomass The evidence
shows that separately, mega herbivores (mostly elephants) and cattle had greater
effects than other large mammalian wild Itetbivores in reducing Ute potential amounts
ol herbaceous layer standing biomass in grazed ecosystems Utilisation of pastures by
oilier large mammalian wild herbivores in absence of cattle and mega herbivores
resulted in highest standing biomass and productivity in the growing season Joint
grazing by wild herbivores and cattle did not reduce herbage-standing biomass as was
done by cattle alone grazing. Long term exclusion of large Irerbrvores from formerly
grazed lands reduced torbaceous layer productive capacity due to change in
functional groups and lifter accumulation

Large herbivore grazing influenced proportions of biomass contributed by functional
groups to die total standing biomass. Presence of large herbrvores tended to favour
higher grass proportions than foibs as tlieir absence reverse this trend Cattle
presence promoted relatively luglier grass proportions than wdd herbivores did wtien
mega lierbrvoros wece present Long term exclusion of largo herbivores promoted
increased domination of dicotyledonous species and negatively affected the standing
biomass and productivity of monocotytedonous species Pastures exclosed from large
herbrvore utilisation for eight years changed such that proportions of dicotyledonous
plants increased in lieibaceous layer standing biomass

Biomass consumed by laige lierbrvorcs did not sfiow strong correlation with stubble

biomass during the growing period However, in the dry season there was strong
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negative relationship between Uie proportions of tussocks utilised per unit area and the

stubble biomass and or herbaceous layer biomass consumed by large herbrvores

5.2 Recommendations
Introduction
The short duration cattle grazing as applied m this study provided very moderate yet uniform
utilisation that is very distinct from those of pastoral areas whose ecological status are much
different However, short duration cattlo grazing in the present study may be simdar to those of
most commercial ranches hosting both wild herbivores and cattlo The recommendations of this
study are therefore, more applicable under modorate grazing management by cattle and very
bghl by largo mammakan wild herbrvores Further research is necessary for more oxplwt
grazing management
1 As a management strategy, grazed lands should not be lelt ungrazed lor longer
periods (more tan eight years) if Die management intends to improve herbaceous
layer productivity Short-term rest should be appropriate but rotation between wild
Iterbivores and cattle combinations would be preferred in a patch-designed pasture
with sectors accommodating both jointand w*J herbivore atone pastures
2 Management m unprotected areas with cattle should consider tolerating large wild
lieibivorcs or consider Utcv gradual introduction in Dieir management plan This is
because oilier than wiki herbivores holping to reduce the adverse effects measurable
on herbage production due to moderate cattle grazing, they will also open up other
avenues tor operators diversification of enterprises -ecotourism. game cropping, and
beauty ingeneral
3 There is need tor a more detailed mvostigation in (lie Kenya Long-term Exclosure

Experiment (KLEE) plots for a detailed analysis of the tow productivity in MW treatment
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captured by live movable cage melhod In lhis study The study showed that MW had
Uvo second hiylvest seasonal standing biomass

Further work neods to bo carried out for better understanding of ktter disappearance in
these experimental plots. The scientists and managers need to understand the effects
of litter disapivearance under long-term grazing and long-term herbivore exctosion.
There is also need to know live sequential effect of bine and long-term seasonality of

>

excluding large fierbivores on herbaceous layer production

This experimental study, which involved wild Ivorbivores and one type of domestic
livestock, has provided interesting results regarding separate and combined effects of
these herbivores on herbaceous layer resources. However, more studies are required
to analyse these effects 1» protected areas; national parks with and without mega
herbivores, sen* protected areas-national reserves with domestic livestock (with and
without mega Iverbivures). wildlife corridor* with domestic stock (with and without mega
herbivores), commercial randies with situations similar to treatments in the present

study in varied soil types It would also be of ecological use if KLEE would consider

integration of other domestic stock interactions with wild herbivores
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