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ABSTRACT

Cattle bomas are fenced livestock enclosures meant to protect cattle at night when
predators are active, and this has an effect whereby trampling of the enclosed cattle
breaks down the moribund grass. This dissertation aims at assessing the effect of
cattle bomas on vegetation and wildlife habitats in Lewa Wildlife Conservancy,
Kenya. This is done in three treatments, the boma, grazed and control areas, of both
mixed and black cotton soils in both dry and wet season. Grass quantity, quality and
diversity were measured by use of 1m?quadrat, by clipping and sun drying the grass
and measuring biomass, analysis of nutrients and visual estimation of diversity, while
wildlife use was estimated by use of scan sampling and dung count. This was done for
a period of six months; dry season, September to November 2010 and wet season
from late October 2011 to early January 2012. Animals observed were significantly
higher in boma area than the grazed and control area, and there was a significant
difference in the number of animals observed and the three treatments, (F 2323 =8.326,
p<0.0001), this was the same with dung density. Magnesium was significantly higher,
(F 2, 68 =4.505, p= 0.015) in boma than in control and grazed area, while there was no
significant difference among other nutrients and the grazing treatment. Grass diversity
was significantly higher in the control areas, than in grazed and boma area, and there
was a significant difference in grass diversity and the grazing treatments, (F2, ¢s
=14.437, p<0.0001). Grass biomass was significantly higher in the control areas, than
in grazed and boma area, and there was a significant difference in grass biomass and
the grazing treatments, (F,, 425 =46.696, p<0.0001). Results indicate that, most grazing
animals prefer areas with low biomass and are seen in bomas that were abandoned
earlier.

Key-Words: Lewa Wildlife Conservancy, Cattle boma, dry season, wet season, grass
quantity, grass quality, grass species diversity
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CHAPTER ONE:

INTRODUCTION

1.1 Background of the study

Grazing systems are controlled grazing management practices that manipulate
livestock to systematically control periods of grazing, deferment or rest. They were
developed as an important tool to increase rangeland productivity. Heitschmidt et al,
(1982b) described three means by which grazing systems could possibly increase
productivity of our rangelands, (1) Increased forage quality, (2) increased forage

quantity, and (3) increased efficiency of harvest of animal production.

Lewa wildlife conservancy, a rangeland, located in northern Kenya consists of five
diverse ecosystems: open savannah, Acacia forests, rocky gorges and ravines,
mountain forests and the Lewa swamp (Botha, 1999). The grassland in Lewa Wildlife
Conservancy has become moribund over time due to under utilization by the wild
mammalian herbivores which occur at low densities. These moribund grasslands of
Lewa Wildlife Conservancy are overgrown with more than 5000kg/Ha biomass; they
have very low species diversity, are coarse and are mainly dominated by Pennisetum
stramineum and Pennisetum mezianum grass species which are nutritionally poor to
plains game thus are not preferred by wild mammalian herbivores (Lewa Wildlife

Conservancy, 2007).

Prescribed burning has been conducted in Lewa Wildlife Sanctuary which were
intentionally started under favorable climatic and environmental conditions and

designed to modify habitat structure, such as reduction of shrubby vegetation without



destroying major habitat components. In Lewa this was done during the October rains
to promote the regeneration of grasses and trees to benefit the grazing plains game.
Grass assessment surveys were conducted in June when grass is fruiting to determine
which areas need to be burned. However, this was seen to have negative effects upon

invertebrates, reptiles, woody vegetation and small mammals.

Intensive but controlled livestock grazing and trampling is an alternative treatment
that can be used to reduce and control moribund grasslands. It is also beneficial as it
causes minimal damage to woody vegetation, small plains game, invertebrates and
reptiles. Livestock grazing and trampling is also assumed to have the potential of
significantly improving the diversity and productivity of grassland vegetation (Lewa

Wildlife Conservancy, 2007).

Grassland areas left entirely to wildlife often become rank; this prevents new growth
of nutritious grass and reduces the overall carrying capacity of the range. Rank areas
are thus a manifestation of under-grazing often seen in pure wildlife systems.
Traditionally fire was used as a tool to remove and rejuvenate rank areas. However
heavy controlled grazing can have the same effect as fire and, in certain
circumstances, may be less damaging, thus, Cattle grazing can be used to clear rank

grass areas; clearly wildlife cannot be used in the same way.

In 2007, in LWC a programme based on intensive, but controlled grazing of large
densities of community cattle was implemented as part of the holistic management of
rangelands in the Conservancy. This approach has both ecological and socio-

economic benefits for Lewa’s landscape and the neighboring communities.



This study aimed at assessing the effects of cattle grazing in improving vegetation
quality for grazing wildlife in three treatments with different intensities of cattle
grazing and trampling. The cattle corrals (bomas) which had the highest intensity of
cattle grazing and trampling, the grazed treatments had moderate intensities of cattle
grazing and trampling while the control treatments had zero effects of cattle grazing

and trampling.

Lewa Wildlife Conservancy is host to a range of grazing wildlife species including
the endangered Grevy’s zebra, Equus grevyi and if rangeland can be improved it can
lead to significant benefits of these species. It is apparent that proper land and grazing
management techniques need to be utilized to optimize forage production, thus when
properly applied; cattle grazing systems are powerful tools that can help rangeland
managers achieve management objectives. However, selection of the proper grazing
system is contingent upon the uniqueness of the setting in which it is applied (e.g.,

topography, soils, vegetation types, climate, etc.).

1.2 Problem statement

LWC is a critical refuge for diversity of species ranging from grazers, browsers to
mixed feeders. The Lewa Research department has demonstrated through past
research that grassland within Lewa exhibiting > 5000 Kg/Ha biomass is usually
moribund and therefore nutritionally poor. These grassland areas are mostly
dominated by Pennisetum stramenium and Pennisetum mezianum grass species and

are not preferred by plains game.

LRD initiated a program of grassland improvement with the specific goal of

improving the diversity and productivity of moribund grassland through the use of



intensive cattle grazing, cattle are being used to intensively graze and trample the
moribund grassland in order to break it down and stimulate the production of more

palatable vegetation for the benefit of all grazing species.

Initial results indicates that there are visible reductions in the proportion of moribund
grass and increase in the diversity of palatable species, however there has been no
scientific assessment of the effects of these grazing management activities or of the
response of wildlife to the resultant high diversity vegetation, therefore, the project
aimed at quantifying the effects of a controlled grazing management upon vegetation
in order to determine whether there are significant improvements in vegetation

quality, quantity and diversity including wildlife response to these areas.

1.3 Justification of the study

It is often assumed that, if rangelands can be improved in ways that attracts wild
grazers and improves their health and in return their population, then important
aspects of habitat management can be opted. Past research by the LRD has
demonstrated that grassland within Lewa is usually moribund and nutritionally poor

thus are not preferred by plains game (Lewa Wildlife Conservancy, 2007).

In the past moribund grass has been reduced and controlled through prescribed
burning, however, fire has detrimental effects upon invertebrates, reptiles and woody
vegetation among other things. In this study, intensive but controlled livestock
grazing is an alternative treatment that can be used to reduce and control moribund
grasslands. Using cattle from local communities may therefore prove to be a much
less invasive and more productive management technique. Through intensively

grazing community cattle on pre-determined blocks that has high biomass, thus



benefiting communities especially during periods of dry seasons; this has in return
created a good interaction between the surrounding community and Lewa

management thus collaborating in conservation efforts.

On the other hand, LWC is a critical refuge for grevy’s zebra containing 22% of the
global wild population and providing a key birthing area and dry season refuge for
these species. Currently, the limiting factors on the growth of the grevy’s zebra
population on Lewa have been identified as interspecific competition with the
ubiquitous plains zebra (Equus burchelli), and predation. However, though zebras are
hind- gut fermenters, preferring quantity, it’s likely that the quality of vegetation has a
significant impact, especially upon the breeding females. Improvements in vegetation
productivity and diversity should improve the quality of the grassland for grazing
species. If the response to these improvements is strong enough, it should then lead to

an increase in population size of wild animals.

1.4 Main Objectives

The main objective of this study was to assess the effects of cattle trampling and

grazing on improving wildlife habitats.

1.4.10bjectives

1. To examine the effect of cattle trampling and controlled grazing upon grass

quality and diversity for grazers.

2. To determine the effect of different grazing treatments on grass biomass

3. To determine whether the trampling and grazing treatments influences habitat

use by grazers.



1.4.2 Hypothesis

1. H,: There is no significant effect of cattle trampling and controlled grazing

upon grass quality.

2. Ho: There is no significant effect of cattle trampling and controlled grazing

upon grass diversity.

3. Ho: The amount of grass biomass in different trampling and grazing treatments

is the same

4. H,: There is no significant influence of trampling and grazing treatments upon

habitat use by grazers



CHAPTER TWO

LITERATURE REVIEW
2.1 History of livestock grazing

Specialized grazing systems were first conceptualized in the United States at the turn
of the 20™ century and became a major focus of range researchers and managers by
the 1950s (Holechek et al., 1998). In the intermountain West, deferred-rotation
received considerable attention during the 1950s, followed by rest-rotation during the
1970s. Within the last 40 years, however, livestock grazing is increasingly being used
as a tool to improve wildlife habitat. In 1964, Oregon wildlife managers implemented
cattle grazing system designed to increase forage for wintering elk (Cervus elaphus)
on the Bridge Creek Wildlife Management Area. Subsequent elk numbers increased

from 320 to 1190 within 10 years (Anderson & Scherzinger 19750).

Livestock grazing is a widespread land use in western North America with
approximately seventy percent of the land in the western United States being utilized
by the livestock industry over the course of a year (Fleischner, 1994). Since the rise of
the livestock industry, the detrimental effects of poor range management have been
documented in detail with much emphasis on the loss of animal biodiversity and the
decline in population densities presumed to be due to competition for resources and
disruption to habitat (Vavra, 2005; Fleischner, 1994; Chaikina & Ruckstuhl, 2006).
However, research in past decades has emphasized that livestock and wildlife can be
compatible on the same range and that the biodiversity can be maintained, provided

that the management is coordinated with the objectives of the area and the ecology



and physiology of the rangeland resources (Anderson & Scherzinger, 1975; Vavra,

2005; Anderson & McCuistion, 2008).

The initial research evaluating compatibilities of livestock and wildlife was focused
on big game and wild ungulate species, such as deer and elk (Anderson &
Scherzinger, 1975). However, recent research has induced a gradual shift of concern
from competition of livestock with big game species to a concern for all wildlife and
biodiversity (Bleich et al., 2005; Vavra, 2005). The recognition of impacts to and
value of wild ungulate, upland bird, riparian, and threatened and endangered species
has provided a foundation for designing comprehensive range management plans.
Consequently, many range management plans are being revised to account for the
requirements of domestic livestock and multiple wildlife species (Anderson &
MccCuistion, 2008; Beck & Mitchell, 2000; Bleich et al., 2005; Bock et al., 1993;

Fitch & Adams, 1998).

2.2 Livestock Interactions with Wild Ungulates

Early research indicated that an overabundance of livestock influences wild ungulate
species by causing competition for food resources. Although cattle and wild ungulates
often focus on different types of vegetation, diet overlap increases when forage
becomes less available in the winter and early spring (Chaikina & Ruckstuhl, 2006).
Heavy livestock grazing also affects wild ungulate habitat by altering plant biomass,
species composition, and structural components, such as vegetation height and cover.
Additionally, the physical presence of cattle can cause behavioral changes that make

foraging less productive. The combined result of resource competition, modification



in rangeland structure, and the presence of livestock can contribute to reduced fat
content, reproductive rates, and survival in many wild ungulate species (Chaikina &

Ruckstuhl, 2006; Bleich et al., 2005).

At the same time, there are several pathways by which native biodiversity negatively
impact the enterprise of livestock production (Dunham et al, 2003). First, wildlife
competes with livestock, consuming forage resources, altering livestock behaviors,
and reducing livestock productivity (Odadi et al, 2011).Second, pastoralists lose
livestock—ranging from sheep and goats to cattle and camels—to wild predators
(Atickem et al. 2010). Lastly, there are complex disease interactions among wildlife,
livestock, and other domestic animals, with negative repercussions for all of these

guilds  (Grootenhuis et al1999).

Even though there are several cases that demonstrate the negative impacts of heavy
livestock grazing on wild ungulates, there are a considerable number of examples that
reveal compatibility between livestock and wild ungulate species (Anderson &
Scherzinger, 1975; Chaikina & Ruckstuhl, 2006). In fact, properly managed and
specialized livestock grazing systems can maintain or improve habitat for wildlife
(Vavra et al., 2007; Bleich et al., 2005). In various ecosystems, grazing is an
important ecological process that can increase the chances of survival of some species

and enhance community and landscape diversity (West, 1993; Bock et al., 1993).

Seminal research conducted by Anderson and Scherzinger (1975) suggested that

specialized livestock grazing systems are capable of manipulating the physiology of
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forage plants to increase the amount and nutritional quality of winter vegetation for
elk. Subsequent research has indicated that moderate amounts of livestock in a
deferred or rest rotational system can improve forage production for deer by
increasing forb production through reduced competition from grass. Cattle can create
conditions that are beneficial to elk by promoting growth of more nutritious forage
plants through the removal of the residual unpalatable vegetation from previous years
(Anderson & McCuistion, 2008; McCarthy, 2003). Moderate levels of livestock
grazing during the fall have the potential to increase grass and total biomass
availability the following spring and allow elk and deer easier access to succulent and

nutritious vegetation in the summer (Taylor et al., 2004).

2.3 Effects of livestock grazing on plant diversity

Livestock can exert a considerable change on the diversity, composition, structure,
and development of native plant communities (Popolizio et al., 1994; Vavra et al.,
2007; Orodho et al., 1990). However, the degree of change is highly dependent upon
the ecosystem and plant community, the current environmental conditions, and the
intensity and timing of grazing (Bock et al., 1993; Milchunas, 2006). Much of the
literature indicates that the change has been more drastic and evident in ecosystems
where native grazing ungulates were historically scarce or absent (Bock et al., 1993;

Milchunas, 2006).

Livestock also may have overall effects on plant diversity that are similar to those of
wild large herbivores (OIff & Ritchie 1998). Yet, there are also substantial differences
between the diets, behavior and sometimes densities of livestock and those of large

wildlife, which can influence their respective effects on plant communities and
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successional patterns (Vazquez & Simberloff 2004) (Riginos & Young 2007; Riginos
et al. 2012). For example, the replacement of wild browsers by livestock may alter
competition and facilitation among plant communities (Veblen & Young 2010),
patterns of tree recruitment (Tobler, Cochard & Edwards 2003; Goheen et al. 2010)

and nutrient distribution (Augustine 2003a).

The short grass steppe ecosystem within the Great Plains is among the most grazing
tolerant plant communities in the world because herbivory by native ungulates has
played an important role in the ecological and evolutionary history (Milchunas, 2006;
Bock et al., 1993). For this reason, the impacts to native plant communities from
excessive grazing have been three times less than that of other vegetation
communities throughout the world. In contrast, the effects of inappropriate grazing
practices and poor livestock management have been more substantial in the
Intermountain West because many of the vegetation communities did not evolve with
large ungulate species (Bock et al., 1993; Knapp, 1996). Research evaluating the
impacts is variable, but the predominant effects include changes in species
composition, reductions in individual plant density and species diversity, and

modifications in plant succession (Fleischner, 1994).

2.4 Livestock grazing on invasive plants

An increasing threat to rangeland biodiversity and health is the invasion by non-native
plant species (Frost & Launchbaugh, 2003; Society for Range Management, n.d.).
Some of the most prevalent and problematic invasive plants include diffuse

knapweed, spotted knapweed, yellow star thistle, leafy spurge, and cheat grass


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3758959/#b20
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3758959/#b4
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(DiTomaso, 2000). The vast majority of invasive plants have been introduced from
other continents. Cheat grass, the most widespread and dominant invasive plant in the
Intermountain West, was introduced during the mid- to late-1800s by means of

imported grain from Eurasia (DiTomaso, 2000; Knapp, 1996).

The dispersion of non-native plants was originally linked to direct human activity,
particularly along railroad lines (Knapp, 1996). However, the proportion of non-
native plant species began to increase as the livestock industry expanded and human
populations began to flourish. Poorly managed grazing destabilized many native plant
communities and encouraged the spread of non-native plants because native perennial
grasses do not have high seedling vigor and some do not readily recover from grazing
(DiTomaso, 2000). The reduced competition from native plants perpetually favors the
spread of invasive plants because many are unpalatable, aversive, or toxic to livestock

(DiTomaso, 2000).

Livestock can also promote the spread of non-native plants through ground
disturbance and the physical dissemination of seeds. Disturbance appears to be an
important aspect in the establishment of non-native plant populations because many
invasive plants are adapted to soil disturbance, such as that caused from trampling
(Vavra et al., 2007). Therefore, high intensities of livestock have been suggested to
increase invisibility (Loeser et al., 2001). Livestock can disperse seeds by serving as

transportation vectors. Seeds are dispersed by adhering to the coats of animals; others
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are dispersed as they pass through digestive tracts (Frost & Launchbaugh, 2003;

Fleischner, 1994)

2.4.1 Impacts of Invasive Plants

Invasive plants can have a significant impact on an array of ecological facets. Invasive
plants have reduced species richness, plant diversity, and community productivity.
Wildlife habitat and forage have been degraded; soil erosion and stream
sedimentation has increased; soil moisture and nutrient levels have been depleted; and
fire regimes have been altered (Frost &Launchbaugh, 2003; Wallace et al., 2008).
These ecological changes combined suggest that invasive plants can significantly alter
ecosystem processes, cause ecosystem instability, displace native plant species that
are vital to wildlife and livestock, and reduce the capacity for ecosystems to provide

the services required by society, (Knapp, 1996; Masters & Sheley, 2001).

The invasion of non-native plant species not only produces various ecological
modifications, but also results in substantial socioeconomic impacts, particularly to
the livestock industry and land management agencies responsible for fire suppression.
Invasive plant species cause more economic loss on rangeland than all other pests
combined. Invasive plants reduce the carrying capacity for livestock by lowering the
forage yield. Consequently, the costs of managing and producing livestock increase

(DiTomaso, 2000).
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The most wide spread invasive species in LWC is Datura stramonium that dominate
swamps, along the sirkio river and most of the disturbed areas e.g. road drains and
abandoned cattle bomas; they prevent the growth of grass and herbaceous plants.
Other identified invasive plants included; Lantana camara, oputia exaltata, Khaki
weed, Castle oil, Lippia javanica, Oputia vulgaris among others that appear to
dominate most disturbed areas, (Low et al, 2005).These plants in no way impact

negatively on the ecological processes or disrupt normal animal behavior patterns.

2.5 Livestock grazing compared to prescribed burning

Africa has the most extensive area of tropical savanna in the world, characterized by a
grassy under storey that becomes extremely flammable during the dry season. As a
result, Africa is known as the "Fire Continent” (Komarek, 1965) and prescribed
burning is practiced as a widely recognized and essential ecological factor for
managing its grassland and savanna ecosystems. The primary reason for prescribed
burning in areas with high loads of fuel is to reduce fire intensity, thus reducing the
negative effects of fire. Other reasons as shown by the Forest Resources Assessment
Program (FRAP), (2001) for burning rangelands as in nature conservation are: to
remove moribund grass material, to prevent encroachment of undesirable plants, to
encourage wildlife to move to less preferred areas and to create or maintain an

optimum relationship between herbaceous and woody vegetation where necessary.

In African grasslands and savanna areas used for nature conservation and game

ranching, there is general consensus that fire has occurred naturally since time in
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memorial and that it is often essential for the ecological well-being of these
ecosystems (Trollope, 1990; Trollope & Trollope, 2004). Experience gained through
research on the effects and use of fire in south and east African grasslands and
savannas has led to the conclusion that the broad groups of grasses and trees generally
react similarly to the different fire regime components and, therefore, general
guidelines can be formulated for prescribed burning (Trollope, 1983; 1989; Trollope

& Trollope 1999).

Further research investigating fire regime effects on the biotic and a biotic component
of the ecosystem has led to a general understanding of the effects of type and intensity
of fire and season and frequency of burning on the grass and tree components of the
vegetation. This in turn has clarified the use of fire as a range management practice
(Trollope & Trollope, 1999). The need to retain or restore a mosaic combined with
concern for restoring natural processes has also led to conservationists tolerating or
encouraging fires (Sutherland, 2000). Burning, however, has negative effects on
amphibians, reptiles, small mammals, invertebrates and woody vegetation. Burning is
also costly if a large team is needed to extinguish the fire, there is a threat that the fire
may escape and spread, people may be injured, and equipment may be lost. Also, the
smoke and pollution produced by prescribed burns may violate regulations, such as
the Clean Air Act, and may impact surrounding communities (Davison, 1996).
Because of air quality concerns and the need for correct fire-weather conditions, there
is usually a narrow period of time in which prescribed burning can be conducted

(Nader et al., 2007).
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Prescribed burning has been conducted in LWC which were intentionally started
under favorable climatic and environmental conditions and designed to modify habitat
structure, such as reduction of shrubby vegetation without destroying major habitat
components, this was done during the October rains to promote the regeneration of
grasses and trees to benefit the grazing plains game. Grass assessment surveys were
conducted in June when grass is fruiting to determine which areas need to be burned.
The benefits of burning were realized immediately after the rains as dozens of plains

game made local migrations to the burnt areas to exploit the tender grasses.

Studies have also shown that herbivores prefer grazing on post-fire regrowth
compared to unburned grass swards (e.g., Moe et al. 1990, Gureja & Owen-Smith
2002, Tomor & Owen-Smith 2002, Archibald & Bond 2004, Archibald et al. 2004).
Within burned areas, the spatial distribution of grazing is governed mainly by local
differences in regrowth age, the amount of dead stem material in the sward, grass

cover, and the distance to water sources.

Burning also opens up thick bushes that reduce the risk of predation especially to the
endangered Grevy’s zebra species. However, fire has detrimental effects upon
invertebrates, reptiles and woody vegetation, destruction of bird nests by fire,

particularly among shrub and ground-nesting species among other things.

2.6 Grazing management

Research has indicated that livestock can reduce fuel loads by removing and
consuming vegetation and by incorporating fine fuels into the soil via trampling

(Nader et al., 2007).1t is apparent that proper land and grazing management
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techniques need to be utilized to optimize forage production and livestock production,
while still maintaining biodiversity and consideration of the ecosystem. Through the
utilization of grazing systems and making sure to allow proper recovery periods for
regrowth, both the livestock and ecosystem will benefit. Along with recovery periods,
producers can keep a low density on a pasture, so as not to overgraze. Although
grazing can be problematic for the ecosystem at times, it is clear that well-managed

grazing techniques can reverse damage and improve the land.

Grazing management therefore, plays a large role in the quality and extent of wildlife
habitat. Livestock grazing can affect wildlife habitat in a number of ways. Although
there is much debate over proper use grazing (Menke & Bradford 1992), most would
agree that persistent, heavy grazing can be detrimental to wildlife populations and the
rangeland resource itself (Fleischner, 1994). Overgrazing can lower both plant and
animal species diversity (Reynolds and Trost, 1980), aboveground biomass (Webb &
Stielstra, 1979), range productivity (Fleischner 1994) and deplete watershed function

(Kauffman & Krueger, 1984)

When properly applied, grazing systems are powerful tools that can help rangeland
and livestock managers achieve management objectives related to rangeland and
livestock production (e.g., forage production, average daily gain), as well as those
related to ecosystem structure (e.g., wildlife habitat) and function (e.g., erosion
control, water quantity and quality). However, selection of the proper grazing system
is contingent upon the uniqueness of the setting in which it is applied (e.g.,

topography, soils, vegetation types, climate, etc.).
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2.6.1 Grazing management strategy in LWC

LWC began grazing management following the recognized Allan Savory Holistic
Management Model, (Savory A. Butterfield J., 1999). This management practice was
developed by Allan Savory and is practiced in Zimbabwe, South Africa and the
American West. In LWC, this method entailed intensively grazing community cattle
on pre-determined blocks that have high grass biomass. At night, the cattle would be
confined in large holding enclosures (mobile bomas) that can be dismantled and
moved to new locations as necessary. (Plate 1). The average cost of a boma is

approximately $600, including labour.

Plate 1: A mobile Boma at Lewa Wildlife Conservancy (From the Research department,
LWC, 2010)
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2.7 Holistic Range Management

Some critics of Sandfords thesis, Sandford S. (2006) “Too many people, too few
livestock: the crisis affecting pastoralists in the greater horn of Africa” put forward
that the technical possibilities of improving the productivity of rangeland (changing
the output-to-land ratio) and livestock are in fact not limited. Referring to successful
examples of holistic range management in Zimbabwe and Namibia they aim to show
that indeed the number of livestock on the ranges does not need to be reduced but
increased! Allan Savory (LEAD/Alive e-conference) suggests that rapid biological
decay, essential to the health of grasslands in seasonal rainfall environments, can only
be maintained by high number of large herbivores and that the two things which lead
to wide plant spacing and a high percentage of bare soil between plants are simply too
few large herbivores (domestic or wild) wandering around. Savory points out that the

number of people the dry lands can sustain depends on the effectiveness of rainfall.

According to the Holistic Range Management theory, the beneficial effects of animal
impact depend on having high impact for a short duration (Keppel, 2005).
Overgrazing is not so much a function of animal numbers as of the time the pasture is
exposed to grazing. Private farms can easily apply HRM principles on their pastures.
However, HRM methods have often proved unsuccessful in situations of open access
of grazing areas, because as soon as a group of pastoralists leaves the grazing area so
that it can recover, others herders may use it, hindering the recovery process or even
degrading the land. HRM of common grazing areas is possible only if strict and
disciplined herding is monitored by a group of people who have secure communal
land rights. This group has to be able to react quickly and flexibly to the observed

changes in pasture vegetation.


http://www.managingwholes.com/animal-impact.htm
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area

3.1.1 Location

The LWC lies between latitudes 0° 06’ and 0° 17’ N and longitudes 37° 21’ and 37°
32' E in the northern foothills of Mount Kenya, about 65km northeast of the town of
Nanyuki. It is located along Isiolo Road, two Kilometers from Meru/lsiolo/Nanyuki
junction and is approximately 260 Kilometers from Nairobi on a paved road; (Figure
1). It is a 62,000-acre wildlife sanctuary and consists of five extremely diverse
ecosystems: Open savannah, Acacia forest, rocky gorges and ravines, Mountain forest

and the Lewa swamp. (Botha, 1999).

3.1.2 History of Lewa Wildlife Conservancy

The Craig family had owned Lewa Downs since the 1920s and for 50 years managed
it as a cattle ranch, but in 1995 sickened by the sight of rare species falling prey to the
poachers gun, lan Craig turned Lewa into a wildlife conservancy, 55,000 (22, 250
hectares) acres of open grassland, woodlands, wetlands and the rolling hills of the Rift
valley became the Lewa Wildlife Conservancy, one of the most successful examples
of wildlife conservation in Africa, (Botha, 1999). Today the 62,000 acre conservancy
holds more than 19 per cent of the worlds threatened Grevy’s zebra population,
indigenous black rhino (Diceros bicornis) and white rhinos (Ceratotherium simum) an
abundance of the Big Five as well as 65 other mammal species native to east Africa

and a prolific birdlife. (Botha, 1999).
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Figure 1: Location of Lewa Wildlife Conservancy and the neighbouring areas (From the
Research department, LWC, 2010)
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3.1.3 Climate.

Rainfall on Lewa follows a typical bimodal distribution pattern of the Kenyan
Highlands. The long rains fall in March to May while the short rains fall in October to
December.The daily maximum temperature on Lewa range from 24 to 32°c, and the
daily minimum temperature from 8 to 16°c (Linsen & Giesen, 1983). According to
Botha (1999), the daily maximum temperatures during the wet season are lower than

during the dry season.

Conversely, the daily minimum temperatures during the wet season are higher than
during the dry season. A marked temperature difference occurs along the altitudinal

gradient with the north being warmer than the south.

3.1.4 Soils.

Botha (1999) conducted a survey of the soils of Lewa by analysing about 21 soil
samples and found 7 dominant soil types; nitisols, vertisols, cambisols, luvisols,
solonetz, fluvisols and gleysols. The Lewa soils are mainly derived from erosion of
geological formation, some transported by river action and run-off. The black
cotton,vertisols are predominant and are known to impede drainage. Some areas have
solonetz soils-red, extreme erodable, low resilience and poor recovery potential;

hence vegetation on these has low grazing capacity.

3.1.5 Vegetation.

The vegetation of Lewa forms a transition from a semi-arid highland to arid lowland.
Most of the area can be physiognomically described as savannah, or more precise a
grassland with a tree and shrub cover of more than 2% but less than 20% (Pratt &

Gwynne 1977).
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According to Edwards and Bogdan (1951), the area can also be called “scattered tree
grassland”, which is the most extensive vegetation type which occurs at elevations in
Kenya. In LWC there are four types of habitats; the low open woodland, short closed

grassland, low thicket and tall sparse shrub land

Lewa vegetation has been divided into 11 plant communities and 26 sub-
communities, as identified by Botha (1999), (Figure 2). The vegetation of Lewa is
placed into 4 management units, which forms the basis of the management plan for
Lewa devised by Botha. These four management units are the Forest management
unit, the Plains management unit, the Riverine management unit, and the Hills and

Rocky Outcrops management unit.

The woody vegetation around Lewa is predominantly the Acacia species, with Acacia
seyal and Acacia drepanolobium being dominant. The Acacia drepanolobium
dominates the areas above 1650m in altitude, while Acacia mellifera, often associated
with Acacia tortilis, Acacia nilotica, and Commiphora species, dominates areas below
1650m. Acacia xanthoploea is dominant in virtually all the riverine and swamp
vegetation. The dominant grass species are Pennisetum stramineum, often
accompanied by Pennisetum Mezianum, which are increaser species with less

Themeda triandra, and Sorghum versicolor.

These are some of the invasive plant species occurring on Lewa and some of the
neighbouring community areas, these species include; Lantana camara, Khaki weed,
Castle oil, Datura stramonium, oputia exaltata, Lippia javanica, Oputia vulgaris
among others. These plants in no way impact negatively on the ecological processes

or disrupt normal animal behavior patterns.
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Figure 2: Vegetation types in Lewa Wildlife Conservancy (From the Research
department, LWC, 2010)
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3.1.6 Animals
These ecosystems support over 440 species of birds and more than 61 different
mammals, including some rather rare exotic and endangered ones. It is one of the last

three remaining habitats of the aquatic sitatunga (Tragelaphus spekit).

The conservancy holds more than 19% of the world’s threatened Grevy’s Zebra
population, indigenous black rhino and white rhino, an abundance of the big five as
well as 65 other mammal species native to East Africa, including; impala
(Aepycerotini melampus), common zebra, gerenuk (Litocranius walleri), elephant
(Loxodonta africana), bush buck (Tragelaphus scriptus), hartebeest (Alcelaphus
buselaphus), hippopotamus (Hippopotamus amphibus), lion (Panthera leo), water
buck (Kobus ellipsiprymnus), buffalo (Syncerus caffer), cheetah (Acinonyx jubatus),
grant gazelle (Gazella granti), greater kudu (Tragelaphus strepsiceros), eland
(Tragelaphus (Taurotragus) oryx), klipspringer (Oreotragus oreotragus), beisa Oryx
(Oryx gazella), Giraffe ( Giraffa camelopardalis) among others, and over 440 species
of birdlife. Lewa also holds one of the last three remaining habitats of the aquatic
sitatunga. Lewa also boasts an ever-increasing population of reticulated Giraffe, and

also hosts a pack of elusive wild dog (Lycaon pictus).

3.2 Data collection methods

3.2.1 Selection of Boma sites

The study was carried out in Lewa Wildlife Conservancy for a period of six months
and data was collected on both dry and wet season. Dry season data was collected
from September to November 2010 while the wet season data was collected from late

October 2011 to early January 2012.
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The whole process of setting up the cattle bomas was done long before the data
collection began; Cattle boma were both set during the dry and wet season. In the dry
season, the overnight pens were shifted every seven days, whilst it took two nights to
smoother grass in a similar pen in the wet season (Plate 2). This method entailed
intensively grazing community cattle on pre-determined blocks that have high grass
biomass; the cattle were confined in large holding enclosure (mobile bomas) that were
dismantled and moved to new locations as necessary. Grazing in Lewa, land was
systematically divided into blocks and separated into categories by species and

biomass of grass.

Cattle were separated in two herds, one for calves and the other for mature herds, and
would spend the night in mobile pens while grazing in specific areas during the day in
a strictly controlled and rotational manner. Two herds of 600 cattle each were kept in
two mobile bomas, which had a diameter of 50m.The residency period in one site

would depend on the season.

The development of predator proof enclosures (bomas) were to protect cattle,
especially at night when predators are active, and this had an effect whereby

trampling of the enclosed cattle would break down the moribund grass.

In total, there were 12 boma sites which were randomly selected for Sampling. These
were selected from different boma age, habitat type and different soil type. They were
already abandoned bomas. Sampling was carried out in two bomas which were active
in the months of April and May and two in the month of December 2008. The same

was also carried out for bomas from the months of May, August, November and
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December 2009 and on some recently abandoned bomas from the months of January,
February, March and June of 2010. Following this regime, the oldest abandoned

bomas sampled were two years old and the youngest were two months old.

Sampling occurred in two soil types; black cotton soils and mixed soils. There are
three dominant soil types in Lewa: Black cotton soils (Vertisols), mixed soils and red
soils (Solonetz). However, the proportion of black cotton soils and mixed soils is
greater than that of the red soils and most of the abandoned cattle bomas were situated
on the black cotton and mixed soils making it impossible to get enough replicates of

abandoned bomas on the red soils.

The habitat types were low open woodland which is low density forest forming open
habitats, short closed grassland which were areas where the vegetation is dominated

by grasses and other herbaceous plants, and tall sparse shrub land.

Plate 2: Two days old active boma in Lewa with cattle leaving during the wet season
(Source: Author, 2015)
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Data collection was done in three treatments within boma sites; (a) trampled area
(boma) that is; the holding pens where cattle spent the night, (b) the grazing area
where the cattle would graze during the day in specific areas in a strictly controlled
and rationale manner and (c) the controlled areas where cattle were excluded. The
average diameter of a single boma area was 50m; (Plate 3).A boma site included an

area with three treatments; that is the boma area, the grazed area and the control area.

Plate 3: An abandoned boma in Lewa during the dry season (Source: Author, 2015)

3.2.2 Sampling points

Vegetation survey was done in the twelve abandoned boma sites. At each treatment,
six vegetation plots were established in each of the two seasons, resulting into thirty

six samples in each site. For the twelve boma sites therefore, four hundred and thirty
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two vegetation plots were sampled. In every vegetation plot, vegetation quality,

quantity and diversity was estimated.

Two 100m line transects were established both in the grazing area and the controlled
areas and a 1 m? quadrat was dropped after every 30metres. Because of the irregular
shapes of bomas, it was not possible to use 100m line transects, therefore random
points equal to the number of sampled points in the grazing area and the controlled

areas were taken.

3.3.3Habitat use by herbivores

To determine the level of utilization on abandoned bomas by herbivores, both direct

and indirect methods were used.

3.3.3.1 Direct animal observation

This method involved visual animal observation by use of scan sampling technique.
(Altmann, 1974). A whole group of subjects was rapidly scanned and the behavior of
each individual (what each animal in the group was doing) at that instance was
recorded, the range of behaviors recorded included; grazing, standing, walking,
sleeping/resting and looking out. Sampling was conducted at two evenly spaced times
of the day; early in the morning and late in the evening. Surveys were made from
defined observation points to avoid animal disruption and by use of binoculars and
with the fact that all boma sites that were sampled could easily be surveyed from a hill

top or vehicle, thus access was available around the boma site.
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Whenever a group was identified, scan duration of Sminutes was selected with a focal
interval of 30seconds; such that, in every 30seconds a quick scan was made of the
whole group and general activity in most group members was recorded. It took an
hour to scan the entire boma set, 20minutes in every treatment, and this was replicated

10 times in every season

In total there were 10 scans within 5minutes focal, that is, 2 scans per minute x
Sminute scan. There were 40 scans per treatment; that is, 10 scan in 20 minutes per
treatment (120 scans in the entire boma site). This was replicated 10 times in every
season (20 times in the entire period) and it was done two times a day (early morning

and late evening). In total there were 4800 scans in entire study period.

Animals to be observed included mixed feeders like impalas, grants gazelle, eland and
elephants. Grazers like; Grevy’s zebra, common zebra, buffalo, warthog, water buck,

and browsers like the giraffe.

3.3.3.2 Dung density

Indirect method involved use of dung count, where dung piles were identified in every
treatment at each of the twelve sites. This method was conducted to find out the types
of animals that visited the grazing treatments either at night or when direct animal
observation was not done. Though this method has its own draw backs in that the
actual activity in which the animal was engaging in at that particular time remains
unknown, the only justification of using this method was to evaluate if there were

other animals that visited the different treatments.



31

At the grazing and control areas of every boma site, two belt transects of 100m were
used, while in the boma area, four belt transects of 50m were used. The belt transects
were shorter in the bomas because the bomas were circular and it was impossible to
put up long transects otherwise they would cut out of the bomas. This meant walking
along 2meters from the belt on both sides, and involved squashing any dung identified
to avoid any chances of double counting. This was done once every two weeks for a
period of three months on each season. The number of dung piles along transects
were identified to the source species based on the identification by Chris and Stuart

(1994).

3.3.4 Measuring grass quality

Grass samples from the quadrats were used to estimate grass quality. This was done
by randomly selecting samples in each of the three treatments. In total 72 samples
were randomly selected. That is, six samples in each boma site, two in the boma area,
two in the grazed area and two in the controlled area in all twelve boma sites.
Analysis for nutrients was carried out at the Kenya Agricultural Research Institute
(KARI) at the department of National Agricultural Research Laboratories (NARL).
Nutrients tested included: Nitrogen, Phosphorous, Potassium, Calcium, Magnesium,

Iron, Copper, Manganese and Zinc.

3.3.4.1 Procedure for plant tissue analysis

a) Method:

Digestion in tubes with H,SO, - salicylic acid - H,O; and selenium
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This digestion is in particular suited for routine work on large series of plant samples
and automated determinations. It is applied for the determination of Na, K, Ca, Mg, P,
N-total, Mn, Cu, Fe and Zn in plant. Elements such as Na and K are determined with
a flame photometer, P is determined calorimetrically on spectrophotometer, N-total is
measured by distillation followed by titration with standardized 0.01 N HCI; and Ca,

Mg, Cu, Zn, Mn & Fe with Atomic Absorption Spectrophotometer (AAS).
b) Principle:

The larger part of organic matter is oxidised by hydrogen peroxide at relatively low
temperature (100°C). After decomposition of the excess H,O, and evaporation of
water the digestion is completed by concentrated sulphuric acid at elevated (330°C)

temperature under the influence of Se as a catalyst.
3.3.5 Measuring grass diversity

For every quadrat that was placed along the line transect, that is after every 30m,
before the grass was clipped to measure biomass, visual estimation was done to record
the percentage of the ground covered by bare ground and other grass species. This
was done during the dry and wet season. Counts and identification was done and they

were calculated using Shannon - Weiner index (Shannon & Weiner, 1963)
3.3.6 Measuring grass biomass.

Grass biomass was measured by placinglm?quadrats along the line transect, per 100m
transect, three quadrats were laid, thus six quadrats in two transects. The grass in the

quadrat was then cut with hand shears as close as possible to ground level without
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collecting any soil. The grass clippings were put in individual bags and labeled; they

were then sun dried for a period of one week and weight recorded.

3.4 Data Analysis

Data was entered, organized and managed using Ms — Excel for Windows while SPSS
version 21.0 was used for all statistical analysis. All tests were considered significant

atp <0.05.

3.4.1 Habitat use by herbivores
3.4.1.1 Direct animal observation
One way ANOVA was used to test for the mean difference in the different activities

animals were engaged in the different treatments.

Factorial ANOVA was used to test for the difference among the mean number of
animals between different treatments (boma, grazed and control), boma age (2008,
2009, and 2010) as well as in the different habitat type (low open woodland, tall

sparse shrub land and short closed grass land).

3.4.1.2 Dung density
Factorial ANOVA was used to test for the difference in the number of dung piles

between different treatments and the wet and dry seasons.

3.4.2 Grass quality
One way Analysis of variance was used to test for the mean difference among the

different nutrient levels in different treatments.
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Factorial ANOVA was used to test for the difference among the mean difference in
nutrient levels between treatments, dry and wet season as well as test for the

difference in nutrient levels in the soil types (mixed and black).

3.4.3 Grass diversity
Grass species diversity was analyzed using the Shannon - Weiner index, H* = -
Ypilnpi (Shannon & Weiner, 1963) which is an effective measure of diversity as it
accounts for species richness and abundance.
Where: H’= index of species diversity

pi = proportion of total sample belonging to the i species

{n= natural logarithm of the proportion

This was then converted into effective number of species (ENS), which is calculated
as exponential (Shannon - Weiner index), which is the real diversity and allows
comparing of diversity with other communities, (Mac Arthur, 1965). Converting
indices into true diversity gives them a set of common behavior and properties
permitting the development of truly general index formulas and analytical techniques
like ANOVA. Data for testing the differences in species diversity between the dry and

wet seasons were heteroscedastic and thus were log — transformed before analysis.

Factorial ANOVA was used to test for the difference in grass diversity among the

treatments and the season, the soil types and boma age.

3.4.4 Grass biomass
Factorial Analysis of variance was used to test for the difference among the mean

biomass between treatments, seasons and among the soils. Data for detecting
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difference in biomass between treatments was not normally distributed was therefore

log - transformed before analysis.
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CHAPTER FOUR

RESULTS

4.1 Habitat use by herbivores

4.1.1 Direct animal observation.

Different activities were observed in three treatments; boma, grazed and control areas,
(Figure 3). Grazing was significantly higher in boma than grazed and control areas,
walking was higher in control areas, followed by grazed and least in the boma area,
standing and resting/sleeping mainly occurred in grazed areas. There was relatively
the same amount of browsing in the grazed and control treatments; whereas there was

no browsing in the boma.
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Figure 3: Different animal activities observed in different treatments

There was significant difference in the following activities that were observed in the
three treatments; grazing, (F 2337 =24.601 p<0.001), standing (F » 337 =4.379

p=0.013), resting/sleeping (F 2337=10.904 p<0.001) and browsing (F ;337=7.214
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p=0.001), while there was no significant difference in walking (F 2337=2.313 p=0.101)
and looking out (F ,337= 1.820 p=0.164). Sequential Tukey test was used to show
where differences in activities occurred among the three treatments. Grazing was
significantly higher in boma than the other two treatments, (Table 1). Standing was
significantly higher in control area than boma, whereas grazed area showed

ambiguous results for standing, (Table 2).

Table 1: Tukey test results showing difference in grazing among the three treatments

zone N Subset for alpha = 0.05
1 2
grazed 100 1.6800
control 90 1.6889
boma 150 3.8067
Sig. 1.000 1.000

Table 2: Tukey test results showing difference occurrence in standing among the three

treatments
zone N Subset for alpha = 0.05
1 2
boma 150 1.0933
grazed 100 2.0900 2.0900
control 90 2.1111
Sig. .050 .999

There was a significant difference in the number of animals observed and the three
treatments, (F 2323 =8.326, p<0.0001). Tukey test showed that boma area had
significantly higher number of animals observed than the grazed and control area,
(Table 3). There was a significant difference in the number of animals observed and

the season (F 1323 =27.329, p<0.0001), with wet season having the highest number
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(9.95£1.002) than the dry season (4.95+£0.204). There was no significant interaction

on the number of animals observed between three treatments and the season,

(p=0.152).

Table 3: Tukey test results showing difference in the number of animals observed

among different treatments

zone N Subset
1 2
control 120 5.58
grazed 150 6.61
boma 70 11.00
Sig. .642 1.000

There was a significant difference in the number of animals observed and the boma

age (F 2323 =7.285, p=0.001). Tukey test showed that boma age for the year 2008 had

significantly higher number of animals observed than those for the year 2009 and

2010 (Table 4). There was a significant interaction in number of animals observed

between the three treatments and the boma age, (F 4.323=35.192, p<0.0001).In all three

treatments, boma sites for the year 2008 had the highest number of animals observed

(11.2+£0.79), followed by boma sites for the year 2009 (5.80+0.830), and least in

boma sites for the year 2010 (5.26+0.742). Boma areas for the year 2008 had the

highest number of animals while those for the year 2010 had the least number of

animals, (Figure 4).
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Figure 4: Mean number of animals observed in different boma age in the three

treatments.

Table 4: Tukey test results showing difference in number of animals observed among
different boma age

boma age N Subset
1 2
2009 90 5.58
2010 130 6.00
2008 120 9.58
Sig. 910 1.000

There was a significant difference in the number of animals observed and the different

habitat types, (F; 323=15.895, p>0.0001). Tukey test showed that short closed
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grassland habitat had significantly higher number of animals observed than tall sparse
woodland and low open woodland, (Table 5). The number of animals observed in the
three treatments was also influenced by the different habitats as this showed a
significant interaction, (Fs 323=19.141, p<0.0001), in all boma area, short closed
grassland had the highest number of animals observed (20.0+1.39), while tall sparse
shrub land had highest number observed in the grazed area (10.2+1.74) with no

animal observed in the boma area, (Figure 5).
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Figure 5: Mean number of animals observed in different habitats in the different

treatments



Table 5: Tukey test showing difference in the number of animals observed in different

habitat type

habitat type N Subset
1 2

low open woodland 200 4.80

tall sparse shrub land 49 10.08

short closed grassland 91 10.75

Sig. 1.000 811
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4.1.2 Dung density
Results indicate that Common zebra and Grant gazelle had the highest dung piles,
followed by the Impala while white rhino, hartebeest and Black rhino had the least

dung piles, (Figure 6).

6.00 -
w
2
S 500 -
Q.
v
&  4.00 -
w
2
a
w  3.00 -
=
>
©
[T,
©  2.00 -
o
2
§  1.00 -
=
0.00 -~
NN o > > & & X o> 2 % o
‘{\’b ,\’Q> Q’b {(\\Q é})‘ Q‘IOK &6\ Q/Q/ \\’b(\ <<>'b° \%{\ ‘\’Qo Oﬂ* \)(' $
Q& & & WO K G (@ & @
Q\' \’b(' QT\ o ?/’b $ ’Z} \(\{&'
29 ¢ & & Ny NN

Animals

Figure 6: Number of dung piles of different animals counted in LWC
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There was a significant difference in the number of dung piles in the three treatments
(F 2, 1074 = 10.001, p< 0.0001). Tukey test showed boma (360+2.04) had significantly
higher mean number of dung piles than grazed (359+1.42) and control areas
(359+0.98), (Table 6). Dry season (2.07+0.187) had significantly higher amount of
dung (F 1, 1074 = 30.544, p< 0.0001), than the wet season (0.94+0.064), while Dung
density on mixed soils (1.90+£0.17), was significantly higher (F 1 1074=18.063,

p<0.0001) than the black soils, (1.06£0.106).

In both dry and wet season, boma area had the highest number of dung piles
(2.047+0.169), than grazed area (1.42+0.169) and least in control area (0.978+0.169);
(Figure 7). However there was no significant interaction in number of dung piles

between the treatments and the season, (p=0.094).

Season
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Cwet

5=

Mean No. of animal dung piles’

Boma Grazec Control

Treatments

Figure 7: Amount of dung piles in three treatments during dry and wet season



Table 6: Tukey test showing difference in the number of dung piles among the three

treatments

zone N Subset for alpha = 0.05
1 2

control 359 .98

grazed 359 1.42

boma 360 2.04

Sig. .166 1.000

43
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4.2 Grass quality

Boma area had the highest levels of Nitrogen (16386.36£1269.41Mg/Kg,)
Phosphorous  (2363.64+199.41Mg/Kg,) Potassium  (18059.09+2303.56Mg/Kg),
Calcium (4086.36£407.20Mg/Kg), Magnesium (1950.0+£236.74Mg/Kg), (Figure 8),
as well as Iron (1001.6+362.62 Mg/Kg), Manganese (175+80.6 Mg/Kg) and Zinc
(51.97£19.81 Mg/KQg), (Figure 9), followed by grazed area and least in control area.
Amount of Iron (1001.6+362.62 Mg/Kg), and Manganese (175+80.6 Mg/Kg) were
highest in the boma area followed by control and least in grazed areas, while amount
of Copper was highest in control (37.16+6.55 Mg/Kg), followed by grazed and least

in boma area.
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Figure 8: Amount of Macro nutrients (Mg/Kg) in the boma grazed and control

treatments
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Figure 9: Amount of Micro nutrients (Mg/Kg) in the boma grazed and control

treatments

In the three different treatments, there was no significant difference in Nitrogen,
(p=0.149), Phosphorous, (p=0.655), Potassium, (p=0.063), Calcium, (p=0.798), Iron,
(p=0.275), Copper, (p=0.349), Manganese, (p=0.296) and Zinc, (p=0.542), whereas,
there was significant difference in Magnesium (F ,, g =4.505, p= 0.015); Sequential
Tukey test showed that Magnesium was significantly higher in boma than in control

whereas grazed area showed ambiguous results for magnesium, (Table 7).
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Table 7: Tukey test showing difference in amount of magnesium in the three treatments

zone N Subset for alpha = 0.05

1 2
control 24| 1283.3333
grazed 24 1433.3333 1433.3333
boma 22 1950.0000
Sig. 792 .071

Wet season had significantly highest amount of Nitrogen (F ; g3 =78.415 p<0.0001),

Phosphorous, (F 1 6=17.460 p<0.0001), Potassium, (F 1 =149.611 p<0.0001),

Calcium (F 1, 63 =24.290 p<0.0001), Magnesium (F 1, ¢3 =36.044 p<0.0001), ( Figure

10), as well as Copper (F 1, 63 =79.045 p<0.01), Manganese (F 1 g3 =6.379 p=0.041)

and Zinc (F 1, 63 =10.814 p=0.002), (Figure 11), as compared to the dry season, apart

from Iron, where dry season had significantly highest amount as compared to wet

season (p=0.603). However there was no significant difference in all amount of

nutrients and the soil types, (P>0.05).
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Figure 10: Amount of Macro nutrients (Mg/Kg) during wet and dry season in LWC
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4.3 Grass diversity

Grass diversity was highest in control areas (0.45+0.22), moderate in the grazed
areas (0.43+0.027) and lowest in the boma areas (0.28+0.024). There was a
significant difference in grass diversity and the grazing treatments, (F,, g5 =14.437,
p<0.0001). Tukey test showed that control area had significantly higher diversity

than grazed and boma area, (Table 8)

Table 8: Tukey test showing difference in mean diversity among different treatments

Zone N Subset
1 2
Boma 24 .2819
grazed 24 4316
control 24 4464
Sig. 1.000 .900

Grass diversity was highest in boma sites designed in 2008, (0.439+0.029) followed
by boma sites designed in the year 2009, (0.37+£0.027) and least in boma sites
designed in 2010 (0.354+0.027), and there was a significant difference in grass
diversity and boma age (F,, 5 =3.747, p=0.029). Tukey test for the boma age showed
that 2008 bomas had significantly higher diversity than 2010 bomas while 2009

bomas showed ambiguous results for diversity, (Table 9).
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Table 9: Tukey test showing different in mean diversity among different boma age

Year N Subset

1 2
2010 24 .3547
2009 24 .3654 .3654
2008 24 4397
Sig. .949 .087

There was no significant difference in grass diversity among seasons (P=0.549) and

soil types (P=0.216). However, wet season had the highest diversity (0.404+0.024)

than the dry season, (0.369+0.0220), while mixed soils had the highest grass diversity

(0.39+0.023) as compared to black soils (0.37+0.0245).

Interaction between

treatments and the boma age showed significant results (F 2, s5 =13.924; p<0.0001),

(Figure 12), all other interaction between grass diversity and season as well as soil

type showed no significant difference (p>0.05).
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Figure 12: Mean grass diversity (H’) in boma, grazed and control treatments in

different boma ages
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4.4 Grass biomass

Grass biomass was highest in control areas (202.570+10.855), moderate in the grazed
areas (177.032+8.764) and lowest in the boma areas (103.354+5.0116). There was a
significant difference in grass biomass and the grazing treatments, (F, 425 =46.696,
p<0.0001).Tukey test showed that control area had significantly higher biomass than
grazed and control area, (Table 10). Grass biomass was significantly higher (Fi,
425=107.172, p<0.0001) during the wet season than in dry season. The interaction

between treatments and seasons was significant (F», 42s= 27.040, p<0.0001), (Figure
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Figure 13: Mean grass biomass, in the boma, grazed and control areas during wet and

dry season
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Table 10: Tukey test showing the mean difference in biomass among the three

treatments
zone N Subset for alpha = 0.05
1 2
boma 144 103.3549
grazed 145 177.0316
control 143 202.5702
Sig. 1.000 .088

Mixed soils, (180.237+£8.757) had significantly higher biomass (F1 425 =19.703,
p<0.0001) than black soils (141.615+5.783), and showed significant interaction
between treatments and soil types (F, 425 =10.137, p<0.0001), (Figure 14), while there

was no significant interaction in the amount of biomass and the boma age (p=0.179),
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Figure 14: Grass biomass among different treatments in the mixed and black soil
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CHAPTER FIVE

DISCUSSION

5.1 Habitat use by herbivores

5.1.1 Direct animal observation.

Both direct and indirect observation showed significant variations on how herbivores
utilized different treatments that is, boma area, grazed and control area, as well as
different activities in which animals engaged in, grazing was significantly higher in

the boma area, while standing was significantly higher in the control area.

Boma area had a higher significant number of animals observed than other treatments;
most notably, abandoned boma sites becomes ecosystem hot spots for variety of flora
which attracts wild grazers this is as a result of livestock reducing grass cover through
trampling and thus creating conditions that are beneficial to wild grazers by
promoting growth of more nutritious forage plants through the removal of the residual

unpalatable vegetation (Anderson and McCuistion, 2008; McCarthy, 2003).

Wet season had significantly higher number of animals as compared to dry season;
this shows that, rainfall is an important factor in the regeneration of grass and other
vegetation seeds which are trampled and buried in the soil by cattle; rainfall also
brings about growth of soft and palatable grass species, as observed, Pennisetum
species, which are most abundant are relatively palatable during the wet season and
progressively becomes hard and fibrous during the dry season, and is thus likely to

have been avoided by grazers during the dry season.

According to the boma age, bomas that were abandoned earlier in this case, 2008, had

significantly higher number of animals observed than those lately abandoned, this
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implies that time is an important factor in the growth of new species as the response
of boma sites may take several years before new species of grass start. According to
(Blackmore et al. 1990; Reid and Ellis 1995; Augustine 2003a and Muchiru et al.
2009), after abandonment, a thick layer of livestock dung is left at the site and this
later facilitates establishment of nutrient- rich plant communities that persist for
decades to centuries. Other factors that would have contributed to higher number of
animals are the diversity of grass species which were higher in old bomas than those

recently abandoned.

Short closed grassland habitat had significantly higher number of herbivores
compared to low open woodland and tall sparse shrub land. These areas are
dominated by grasses and are characterized by vast open spaces, they are nutrient-rich
from the growth and decay of deep, many-branched grass roots, and the rotted roots
hold the soil together. These areas attract wild herbivores to graze on nutrient-rich
grasses and rest in these open areas (Young et al. 1995; Augustine 2004; Muchiru et

al. 2008; Veblen 2012).

5.1.2 Dung density

Boma area had significantly higher number of animal dung as compared to the grazed
and control area, this was the same as to where most animals were observed, and is a
clear indication that most herbivores were attracted to these areas due to reduced grass

biomass and growth of soft palatable grass species.

Dry season on the other hand, had significantly higher number of dung piles
compared to the wet season and this could lead to the assumption that boma areas
provided other benefits to grazing animals other than availability of food, like the fact

that they were open fields covered by bare grounds where by it was possible to keep
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an eye to the predators, also there was food availability everywhere and animals
didn’t have to concentrate only on the boma sites. Other work (Veblen 2012) suggests
that boma areas may serve as important wild herbivore foraging areas during the dry

season, when grass is scarce in other areas.

Dung density was also significantly higher in the mixed soils than in the black soils.
This might have been attributed by the fact that, mixed soils have better drainage and
infiltration of water as compared to black cotton soils which are characterized by poor
drainage and pronounced shrink—swell dynamics thus preventing occupancy by

animals.

5.2 Grass quality

Abandoned bomas create nutrient-enriched patches within the landscape that support
plant communities with mineral-rich grasses. Boma area showed highly significant
amount of Magnesium as compared to grazed and control areas, and this is an
essential macro nutrient that is required by animals, and wildlife can clearly benefit
from the levels of these nutrient in boma grasses, which are sufficient to supply
amounts recommended for lactation and pregnancy in wild ruminants (Robbins,

1993).

The high concentration of Magnesium in the boma area might have also been
contributed by trampling and defecation thus increasing the nutrients in the soils; in
addition cattle dung provides Phosphorous, Calcium and Magnesium in the soil. The
practice of keeping cattle overnight in bomas creates fertilized patches within the
landscape that provides high quality forage for wildlife, as abandoned bomas age and

a grass layer develops, grasses are enriched.
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Wet season had significantly higher amount of Nitrogen, Phosphorous, Potassium,
Calcium, Magnesium, Copper, Manganese and Zinc as compared to the dry season,
this would have resulted from dung containing high nutrients concentrations
decomposing more rapidly and this is accomplished through leaching of nutrients by
rainfall and water infiltration, this explains more as to why herbivores were mostly
observed grazing during the wet season than the dry season. These findings suggest
that glades provide an important source of nutrient-rich forage that is otherwise

lacking in this relatively nutrient-poor ecosystem.

5.3 Grass diversity

Grass diversity was significantly higher in the control area than the grazed and boma
area, this might have been attributed by the fact that, boma areas experienced the
greatest trampling and grazing intensities and by the time of abandonment these areas
are fully covered with dung thus the growth and development of new species either
brought about by cattle dung that pass through digestive tracts or seed dispersed by
adhering to the coats of animals would be buried due to trampling and thus would
take time to regenerate in the boma area as compared to the other treatments.
According to (Lauren M. and Kari E. 2015). Plant diversity losses were immediate
especially occurring during boma use; On the other hand, livestock often consume
and trample large amounts of plant material, and consequently increase the proportion

of bare ground.

Results showed that there was significantly high grass diversity in bomas that were
abandoned in the year 2008, than those abandoned in the year 2009 and recently 2010.

This is a clear indication that, time is an important factor in the growth of vegetation
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and may also suggest that bomas through trampling reduced grass diversity which
recovered after a period of time. According to (Morris et al 2008), grass species
increases to a peak up to 20 years after a site is abandoned. Plant succession on these
nutrient hotspots create a flush of grass that dominates the first twenty to sixty years

post-abandonment, followed by a heavy cover of shrubs and trees.

The effect of rainfall and soil type on species diversity should, however, not be
underestimated as rain enables new and existing seeds and grass butts to sprout and
produce soft, green and abundant vegetation for plains game to feed on. Additionally,
from the results although there was no significance difference in diversity among the
season and soil types, it may be possible that rainfall was not sufficient to cause a

significant alteration to grass diversity in all boma sites.

5.4 Grass biomass

Gras biomass was significantly higher in the control area than the boma and grazed
areas, the reduction in biomass in the boma area was due to intensity of cattle grazing
and trampling and from the findings boma area were mostly covered by bare ground
and cattle dung by the time of abandonment. According to Frost and Launchbaugh,
(2003), cattle have large rumens that are well adapted to ferment fibrous materials,
thus they can manage fibrous herbaceous vegetation, such as dormant grasses, thus

reducing the biomass.

Wet season had significantly higher biomass than the dry season; this shows rainfall
play an important factor in the growth of new grass species, the tough and moribund

grass that were un suitable for herbivores were smothered by effect of trampling and
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thus during rainy periods new soft palatable species suitable for herbivores emerges,
from the findings, some of the grass species like the pennisetum species after
undergoing trampling can recover especially after the rains. Cole (1995) found that
plants with grass morphological features, like long and thin leaves, are most resistant
to trampling on aboveground growth, although they have often reduced in height and

in leaf length following trampling.

Mixed soils had significantly higher biomass than black cotton soils; this is attribute
to the fact that mixed soils have different proportions of soil and generally are rich in
nutrients, moisture and humus, than black cotton soils which are characterized by
stressful shrink—swell dynamics. In addition, less palatable species may be more
abundant on black cotton soils, dampening the response in these systems Goheen &

Palmer (2010).
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

From this study, the following were the main conclusions

The wide spread use of cattle bomas is based primarily on the need to protect
cattle from theft and predation overnight, but it has a long term implications
for nutrient redistribution within the landscape due to defecation and urination
and subsequent effects on wildlife habitat. Nutrient enriched grassland patches
persist on abandoned bomas thus strong selection of these patches by

herbivores

Boma recovery after abandonment requires considerable amount of time and
rainfall before the growth of new grass species, this is due to intensive
trampling and the level of cattle dung that covers the boma, thus diversity of

grass is low on boma areas

Thick and high moribund grass are not preferred by grazing wild animals and
thus these areas are under utilized by wild animals due to increased fuel loads,
through cattle grazing and trampling, moribund grass are reduced and this
creates short grass lawns which are soft and palatable and attracts grazing

animals.
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6.2 Recommendations

Wildlife Managers should consider the long-term implications for nutrient
redistribution within the landscape and subsequent effects on wildlife habitat,
ranch managers therefore can manipulate the long-term distribution and
abundance of grazing animals on rangelands through careful consideration of

boma placement and relocation rates.

Land managers should implement grazing strategies that mitigate the effects of
excessive livestock grazing by modifying the timing and duration of use. The
timing of herbivory can have a significant impact on plant productivity and
vigor, especially if livestock are repeatedly present during plant growth and
reproductive stages. The duration of grazing should be brief to permit
photosynthesis and plant recovery. If grazing is properly managed during
these critical periods, plants are permitted to build their root systems and
increase nutrient storage. Subsequently, plants become more robust, the

likelihood of survival increases, and the overall forage production increases.

In the case of endangered species, Lewa is a strong hold for the Grevy‘s
zebras, rank grass and presence of livestock deter Grevy’s zebra from utilizing
such areas. Thus it is recommended on properly managed and specialized
livestock grazing systems that can maintain or improve habitat for wildlife
especially the Grevy’s zebra. If vegetation is improved, then the numbers
could be improved due to improved quality grassland that have a diversity of
grasses including cynadon species which are highly preferred by lactating

Grevy’s zebras
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6.3 Way forward

e More study to be done to investigate other benefits of cattle boma to wild

animals
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APPENDIX 1

Botanical names of grass species found in Lewa Wildlife Conservancy that
contributed to the species diversity for this study.
i.  Aristida kenyensis
ii.  Brachiaria dictyoneum
iii.  Brachiaria eruciformis
iv.  Cenchrus ciliaris
v.  Cynodon dactylon
vi.  Digitaria abyssinica
vii.  Digitaria milanjia
viii.  Digitaria nuda
ix.  Digitaria velutina
X.  Eragrostis cilianensis
xi.  Eragrostis superba
xii.  Eriochloa nubica
xiii.  Heteropogon contortus
xiv.  Heterepogon melenocarpus
xv.  Lintonia nutans
xvi.  Microchloa kunthii
xvii.  Panicum Poaeoides
xviii. ~ Paspalum glumaceum
XiX.  Pennisetum maasaicum
xX.  Pennisetum mezianum

XXI. Pennisetum stramenium



XXil.

XXiii.

XXIV.

XXV.

XXVI.

XXVil.

XXVill.

Sedge- Cyperus

Sehima nervosum

Setaria acromelaena
Setaria pumila

Sorghum Purpureo sericeum
Sporobolus pyramidalis

Themeda triandra
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