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Abstract

Studies in tropical regions have shown that trees and grasses respond differently to fire, grazing
and browsing. In African savannas, the responses to fire, grazing and browsing are different,
determined by negative or positive correlations. Browsing may have other consequences than
grazing because instead of increasing woody biomass it reduces it, causing increase in grass
growth, leading to increase in fuel that results in more intense fires and decrease in woody
biomass. Fire and herbivory are an important interactive disturbance factors affecting vegetation
succession and the tree-grass dynamics in savanna environment. Several of the fire-herbivory
interactions are landscape level effects, which is shown in 2 models. My hypothesis is that the
tree-grass balances are determined by interactions of both grazing and fire. There have come new
scientific data about fire and herbivory and the interaction effects on tree-grass dynamic and
succession in the savanna. By analyzing my hypothesis through a comparison between
hypotheses, Intermediate disturbance hypothesis, Janzen-Connell hypothesis and the Huston
hypothesis, | propose several scenarios of the savanna tree-grass dynamics in East Africa, as a
result of this comparison.
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Introduction

Savanna ecosystems like the other ecosystems are built of living organisms, bedrock and climate,
but different organisms have more or less significance for the ecosystem structure and function.
The savanna is a special ecosystem because trees and grass coexist. Two factors, fire and grazing
are two kinds of disturbances, fire is abiotic and grazing biotic disturbance. Grazers often favor
grasses which protect themselves through their regenerating meristems that later leads to
hindering of the regenerating of trees (exposing their meristems to browsers and grazers and also
fire). Fires are abiotic disturbances that are common in the dry seasons, fire also changes the
vegetation balance against trees and gives grass a possibility of regenerating and trees are
hindered (Townsend 2003). Walker (1980) in Rooke (1998, page 3) established that browsing has
several advantages for herbivores in savannas, for example woody vegetation produces new
leaves 2-3 month before grasses begin their growth with the rain. Browsing is in the most crucial
part during that period. Trees and woody vegetation have higher crude protein compared to
grasses, grasses on the other hand have supplied more energy surplus. Christiansson (1988) also
established that the canopies are more resistant against drought and fires. Often but not always
the savanna trees defoliate their leaves during the dry season, in this case the savanna trees are

related to monsoon.

The importance of indirect and interactive effects of fire, grazing and browsing has been
acknowledged on savanna dynamics, but the consequences on the vegetation structure and tree-

grass balances have scarcely been empirically investigated.

The structure of the paper consists of a method, theories, several models about how browsing and
grazing are influenced by fire, the Janzen-Connell hypothesis (Kellman and Tackaberry 1997),
the intermediate disturbance hypothesis (Kellman and Tackaberry 1997), the Huston hypothesis
(Kellman and Tackaberry 1997), Langevelde et al (2003) hypothesis and Archibald et al (2005)

hypothesis, and a discussion around the theories followed by conclusions.
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Aim and research
Hochberg et al (1994) concludes that few models have addressed the balance between grasses

and trees in savanna. With that background I want to see if the vegetation succession changes due
to fire and herbivory. The trees mature faster in tropics than they do here in the Nordic
environment, in a period of 10-15 years a tree can go from seedling to a mature tree. Man-made
changes are now more common than they used to be in savannas, because of overgrazing and
changed fire dynamics the savanna environment has changed (Van Vegten 1981). My hypothesis
is that the tree-grass balances are determined by interactions of both grazing and fire. I will
analyze the hypothesis through a comparison between other hypotheses. | propose several
scenarios of the savanna tree-grass dynamics in East Africa, as a result of this comparison

between the theories.

Questions
My hypothesis in the paper will be answered with the help of the questions below.

- Have fire and herbivory positive or negative effects for trees and grasses?

- Have grazing and browsing a similar or different effect on the savanna?

- Is disturbance, fire or herbivory most important when it comes to interacting effects?

- Have the fire-herbivory interaction effects at the landscape-level, besides the small-scale

effects?
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Background
There exists a debate about how to define the savanna which leads to the different definitions of

the savanna biome. Sjéberg (2000) has chosen Werger's (1983) and Scholes and Walkers”(1993)
definition of the savanna biome, “a grassy vegetation in which a certain degree of large shrubs
and trees are admixed (Werger 1983 in Sjogren 2000), an intermediate between woodland and
grassland occurring in hot tropical regions with strictly seasonal rainfall (Scholes & Walker
1993).” Osbhorne’s (2000) definition of the savanna environment is “ Savanna vegetation consists
of a patchy occurrence of trees in what is otherwise an open grassland. The trees increase the
structural complexity of the grassland and this results in greater environmental heterogeneity.”
Langevelde et al (2003) characterize the savanna ecosystems by coexistence of trees and grasses
and that these are determined by complex interacting factors. | have chosen to give different
definitions because | want to reflect the savanna discussion, about what seems typical for a
savanna environment. The dominating factor for structure in the savanna seems to be fire,
herbivory, water supply and nutrient availability (Sjogren 2000, Rooke 1998). Two of the most
important factors are going to be given special attention in this paper, fire and herbivory, though
studying grazing, browsing and fire. Skarpe (1992) believes that fire and herbivory have more
impact on the savanna environment than climate, and because of that savanna owe its existence to
these factors. There are classifications of savannas, savanna woodland, savanna parkland,
savanna grassland, low tree and shrub savanna and thicket and scrub. I have chosen to include all
these savanna types under the savanna definition, and if no other definition is made all of them

are included.

Methodology

The methodology of doing a comparison between theories is chosen because there have come
scientific data about fire and herbivory and the interaction effects on tree-grass dynamics and
succession in the savanna. Because of recent research projects on this interaction in the savanna,
it is interesting to see how this stands against old established theories in the field of ecology. How
can these theories compete against each other, how well established are the latest theories.
Because this is a comparison between few of all theories in the field of ecology, it is going to be
hard to classify the paper neither qualitative nor quantitative. The paper has more an

interdisciplinary character but mostly a natural science character.
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Tropical Environment theories

Tropical environments are a complex of biological interactions and it is important to observe a
few of the dominant processes in this web of systems. Unlike in temperate ecosystems with their
winter temperatures that constrain processes and inhibit growth of biological populations, there is
a possibility of growing, but other factors than temperatures constrain growth (Kellman and
Tackaberry 1997). Tropical environments support approximately productivity three to four times
to those we can see in temperate environments, if the climate had been the dominant factor in this
process. Two factors that have a profound influence on the vegetation in savannas are fire and
herbivory, which are dissimilar disturbances. Grazing and browsing are a biotic disturbance and

fire is an abiotic disturbance.

Intermediate disturbance hypothesis and Huston hypothesis
The intermediate disturbance hypothesis states that communities are expected to contain most

species when the quantity of disturbance is neither too high nor too low. Intermediate disturbance
hypothesis states that diversity is largest at an intermediate level of disturbance, and that species
may last longest at that disturbance level. At a low level of disturbance the climax species can
dominate so much they reduce the other species in the habitat so they are lost. In this case, at a
high level disturbance in a savanna, the climax species can at best learns to tolerate the conditions
in the habitat (Brewer 1994; Townsend 2003). There have been several studies that support the
intermediate disturbance hypothesis, for example a study on red and green algae in California.
The hypothesis was from the beginning proposed to explain the pattern of species richness in
tropical rain forests (and in coral reefs) (Townsend 2003). The intermediate disturbance
hypothesis does not propose any specifics for tropical mechanisms, even as it is accepted as a
general community-diversifying process of latitudinal diversity gradient. An extension of the
intermediate-disturbance hypothesis was made Huston (1979). The Huston hypothesis pointed
out that competitive displacement rates would also depend on site productivity, which makes site
with low productivity the most favourable for coexistence (Kellman and Tackaberry 1997). This
coexistence would assemble for most species through the different range of disturbances. Huston
has demonstrated different kinds of negative correlations between tropical forest diversity and
fertility of soil. This demonstration suggested that the soil could slow down competitive

elimination in tropical communities and conserve the diversity in them. Huston refers to an
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empirical study in Costa Rica in 1980. Huston’s hypothesis has considerable support on a local
scale, but has been questioned from the ability to explaining the latitudinal gradient among

species.

The Janzen-Connell hypothesis
The Janzen-Connell hypothesis is based on the assumption that seed predation is especially

strong in the nonseasonal environment, thus limiting the individual tree species and preventing
exclusion by competition. Seed predation for plants of a specific species is especially strong near
the mother plant (Kellman and Tackaberry 1997). The assumption is that seed predation is special
in a seasonal environment, thu limiting the individual tree species and preventing exclusion by
competition and that periodic disturbances could prevent exclusive completion in a non-
equilibrial condition. The result of this leads to the assumption that opportunities could exist for
other species to coexist with species that are effective competitors. This also leads to promoting

the existence of a diverse community of trees.

The theories from Janzen-Connell (Kellman and Tackaberry 1997) and Huston (Kellman and
Tackaberry 1997) are different kind of theories of the intermediate disturbance hypothesis. One
problem with the Huston hypothesis is that it can be empirically supported on a local level. But
on a more general correlation it is hard to derive when it for example comes to rainfall and high
diversity in tropical forest community. Would the same correlation problem occur in the savanna
environment? Janzen and Connell have come up with both the Janzen-Connell hypothesis and the
intermediate disturbance hypothesis. The intermediate disturbance hypotheses is an extension of
the first which can pose some problems because they are not completely different hypotheses. A
second problem is that the intermediate disturbance hypothesis does not take up the unique

tropical environment specifically.
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Adaptation against grazing and browsing
Herbivores influence the succession from grassland to forest and scrub through grazing, browsing

and trampling (picture 1), succession is also influenced by fire (Fig 1 and 2). There are several

vegetation adaptations against grazing and browsing through defence mechanisms.

Picture 1. Zebras grazing in Tarangire National Park (05-03-01).
(Photo: Michaela Carlsson)

Livestock and wildlife make a contribution in modifying the savanna vegetation by grazing. The
pressures on the savanna from grazing and browsing have most significance when it comes to
conserve the open landscape. With a sufficient and extensive grazing pressure small trees and
woody vegetation never get the opportunity of growing, and with no sufficient amount of grass
left after the dry season when the whole area have been browsed and grazed, this leads to that
shortage of fuel. An essential condition for frequent fires in the landscape is that there is
sufficient fuel. Less frequent fire causes the primary browsing, grazing and trampling to be a
more extensive disturbance, thu keeping the invasion of trees and grasses away (Kellman and
Tackaberry 1997; McNaughton 1985, 1986, 1992, 1993; Osborne 2000).
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Grazing and browsing
Different herbivores have a grazing succession on the savannas. Kellman and Tackaberry (1997)

show that for example buffalo, zebras, topi and wildebeests graze different lengths of grass. That
means that the herbivores graze grass to a short level. Kellman and Tackaberry also point out that
browser do the same to trees, different heights of the tree attract different herbivores. Pellew
(1984) in Rooke (1998, page 3) proposes that the level of crude protein is higher among browsers
(giraffes) than it is among grazers in the dry season. There are many deciduous plants in the
savanna vegetation, which makes browsing somewhat scarce in some parts of the year, causing
the browsers, mostly under dry seasons to face periods of shortage of food requirements. Grazers
do not have the same problem because they do not have periods with deficiencies in nutritional
value. Instead grazers go through a period of deficiencies in nutritional value during the same
time. Walker (1980) in Rooke (1998, page 3) suggests that trees and shrubs do not have the same
interseasonal variation as grasses and that shrubs tend to have more palatable species of than
grasses. A better understanding of browsing and the interaction dynamic give a improved
understanding of the tolerance level of the woody vegetation to browsing species which can help

continuing an open savanna.

A study on grazing and browsing adaptation
Brown and Ewel (1987) showed adaptation against grazing and browsing by conducting an

experiment to investigate the relationship between herbivory and floristic complexity. This was
done by measuring losses to herbivores in four different tropical ecosystems. The age of the
vegetation differences was from 0,1 to 4 year old: *“(1) unmanipulated successional vegetation,
(2) successional vegetation with higher plant diversity than the unmanipulated succession, (3) an
ecosystem of investigator-controlled species composition, designed to imitate the physiognomy
and species richness of the successional vegetation, and (4) monocultures of maize, cassava, and
Cordia alliodora.”, (Brown and Ewel. 1987). Four experimental vegetation types were randomly
placed in 16 x 16 m plots. Plant community structure was defined by leaf area index (LAI) and
counting species. Leaf losses to herbivores were measured in four experimental ecosystems
during four sampling intervals. Due to problem to separate losses due to plant diseases from
herbivorous insects Brown and Ewel included both. The result from this experiment shows that
species richness over time in three of the four ecosystems increased. But to determine whether

herbivory had species difference among the ecosystems, a comparison between herbivores was
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done in the ecosystems. This showed that two of three species in the successional vegetation and
the imitated ecosystem had higher herbivory rates. The species had highest herbivory rates in the
ecosystem with intermediate species richness and LAl this including error result. When it comes
to ecosystem-level rates of leaf tissue loss to herbivores the result showed that more complex
systems had less fluctuation over time than less complex ones, but both these result occurred in
monocultures. This obviously does not show how it is in heterogeneous cultures.

Brown and Ewel (1987) conducted an experiment to investigate the relationship between
herbivory and floristic complexity. The experiment was conducted by measuring losses to
herbivores in four different tropical ecosystems. This was done over a longer period. Because of
the problem to separate losses to plant diseases from herbivorous insects Brown and Ewel
included both. Does this mean that the result is not exact, and is this the right thing to do in an
experiment? Brown and Ewel’s result from this experiment shows that species richness over time
in three of the four ecosystems increased, this is because they included both plant diseases and
herbivore. The authors should have done an investigation about the different parts, so would have

been more obvious which part that was which.

Adaptation to fire. Indirect and direct causes of fire, and a
combination with herbivory
Savanna ecosystems are special because the grass layer is intermixed with discontinuous layer of

trees and shrubs. The coexistence of trees and grasses is determined by many different factors
that interact. Soil moisture availability is one of the abiotic factors but there are also biotic factors
such as grazing, browsing and fires. Studies with spatial and temporal variations (stochasticity) in
woody vegetation and grass show that fire and herbivores affect recruitment and establishment of
trees (Langevelde et al 2003).

Extensive agriculture leads to that the areas being distinguished by successional changes, from
forest vegetation to bushes, woody vegetation and more open grassland. Grass is more
successionally important than the woody vegetation. In some cases the woody vegetation is
almost totally gone, apart from a few species that are fire resistant. The reason for this is that the
plant invasion starts with the grass and with them established there is always fuel for frequent
fires. With the grass being on fire, all the more sensitive trees and bushes die. The succession that

takes part after the fire makes the more closed forests more open and leaves the area with less
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species that leads to more open grassland savannas with few trees. Fires do not only initiate
changing processes to an open savanna, but also contain the open landscape on the savanna
(Christiansson 1988; Osborne 2000). An example on this is the study from 1929 which continued
for at least 40 years and showed that protected areas had a more secondary rain forest. The grass
had been out competed by the shadow effect from the dense canopies of trees. Other areas where
fires had been allowed the savanna to remain open and had a low diversity of species during the
whole dry season when fires were allowed. Usually this is the time of year when fires are most
frequent because of high intensity and access of fuel. The result of this study is that you can
conserve and stabilise an open savanna landscape by having yearly controlled fires. These yearly

fires often have a tendency to be initiated by humans (Christiansson 1988; Osborne 2000).

The savanna is affected of a diverse set of factors both directly and indirectly. For example fire
can be both direct and indirect, direct in a sense that fire causes a direct decline in the vegetation
cover of woody vegetation, this by killing trees or reducing them to smaller trees. The indirect
causes of the fire are that with less grass biomass caused by previous fire and grazing leads to

reduced fuel that makes fires less intensive and causes less damage to trees (Picture 2).
BTl e g

Picture 2. Vegetation succession after fire in Haraa.
(Photo: Michaela Carlsson)

The consequence may be an increase of woody vegetation. According to Dublin et al (1990),
Belsky (1995), Scholes and Archer (1997) (see Langevelde 2003) the combination of fire,

browsing and grazing causes decline in woody vegetation. Browsing can also inhibit recovery.
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But indirect effect from fire and herbivory is profound on the tree and grass balance. Figures 1
and 2 show the effects of grazing and browsing with the combination of fire in woody vegetation.
An increase in the level of grazing causes similar consequences on the vegetation as a decreased
level of browsing. Browsing may have other consequences than grazing because instead of
increasing woody biomass it reduces it, causing increase in grass growth, leading to increase in
fuel that result in more intense fires that results in decrease in woody biomass. Langevelde et al
(2003) use a deterministic approach. In this approach the root niche separation model plays a
vital role. Standpoint of Langevelde et al (2003) is hard to value from the aspect | am writing,
because the niche separation model is not the main focus in the paper. There are other parts that
give important focus points for the paper, for example adaptation to fire, the indirect and direct

cause of fire, and the combination with herbivory.

10
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Models of grazing and browsing effects vs. fire
There are different kinds of models that show the interacting effect between grazing, browsing

and fire. The effects of grazing can be described in following term: increased grazing leads to a
decrease of grass biomass, causing a decrease in fire intensity, because of less fire fuel leading to
increased woody biomass. Browsing on the other hand has different effects than grazing

because a decrease of browsing level causes an increase in woody biomass and a decrease, of
grass biomass causing less fire intensity since fuel is reduced (figures 1 and 2). Herbivores
influence the succession in the different kind of savannas, from grassland to scrub through
grazing, browsing and trampling. This succession is also influenced by fire. This is shown in two

models where the vegetation adapts against grazing and browsing.

Grazina

Increase in level of
/ grazing.
Increase in \

woody biomass.

Decrease in
f grass biomass.
Decrease in fire /
intensity.

Fig. 1. Feedback mechanisms between grass biomass and fire intensity, triggered of grazing.
A decrease in grass reduce fuel load that makes fire less intense and less damaging too trees
leadina to woody vegetation.

11



Michaela Carlsson (780901). Sambandet miljo och utveckling i Syd 20p. Sédertdrns Hogskola.

Browsing

Increase in \

woody biomass.

Decrease in grass
Decrease in level biomass.

of browsing
Decrease in fire >/

intensity.

Fig. 2. Feedback mechanisms between grass biomass and fire intensity, triggered of
browsing. A decrease in grass reduce fuel load that makes fire less intense and less
damaging too trees leading to woody vegetation.

Interacting effects
Interacting effects of different factors show that they are a complex combination of disturbances,

which creates the savanna environment. Archibald et al (2005) shows that there is coexistence

between fires and herbivory that can be shown in several models.

Rinderpest
To explain temporal variations Langevelde et al (2003) uses the example of rinderpest that was a

pandemic in eastern Africa in the 19" century. It influenced the level of grazing and fire in the
savanna in the end of the 19" century, on a multitude level. The rinderpest affected livestock and
wildlife, which led to famine and starvation in the human population which caused a decline of
anthropogenic fires and herbivory. This example shows that discontinuous changes occur in the
savanna ecosystem. This has also been confirmed of several authors such as Walker et al (1981),
Dublin et al (1990), Noy-Meir (1975), Perrings and Walker (1997) (Langevelde et al 2003). To
understand the savanna ecosystem dynamics it is relevant to understand the concept of alternative
stable states. Rinderpest did not just affected at the species level, it affected on an ecosystem
level because the rinderpest decimated livestock and wildlife (figure 3). This led as earlier
mentioned to famine and starvation, which led to decrease of anthropogenic fires and browsing

and grazing in the savanna environment because people suffered from the decrease in the

12
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livestock. When fires and herbivory decreased this lead to less disturbance on the tree-grass
dynamics, consequently leading to stress to the vegetation. Temporal variations like the
rinderpest show that factors like herbivory and fire tend to accompany each other and that the
savanna ecosystem is dynamic. Studies with both spatial and temporal variations show that
woody vegetation and grass are effected by fire and herbivory when it comes to recruitment and

establishment of trees (figure 3), (Langevelde et al 2003).

Ecosystem response to rinderpest
control in Serengeti

Cheetah Large
increase H
‘ Rinderpest trees
decrease
removal 1
Grant’s v
_gazelle Wildebeest Giraffe
increase increase Less increase
/ i /
SLAINS Small trees
Herbs y Reduced WOODLAND Increase
increase grass Less dry grass
competition Less fire

Figure 3: Rinderpest influence on several , one of them are ecosystem level, in this case in Serengeti. In an
ecosystem response there are different kind of responses, not only to livestock and wildlife but to tree-
grass dynamic due to anthropocentric influence.

13
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Magnet effect
Archibald et al (2005) has done an experimental study showing a magnet effect, the effects after

fires draw animals from the grazed patch. Coppock and Detling (1986) has shows the same
phenomenon earlier in ecosystems where fire and grazing have occurred together. Along with
Coppock et al (1986) Archibald et al (2005) hypothesises that the magnet effects on grassland-
fire in the long-term could result in two grassland habitats. One possibility is few fires with the
intensively utilized grassland that would develop extend or result in an invasion by grazing
tolerant lawn grasses that lead to lawns that are dominant in the landscape. Archibald et al (2005)
claims that in systems with frequent fire patches would not persist and would be dominated

instead by fast growing tall grasses.

There are different analysis methods. Archibald et al (2005) proposes the method that the above
showed the magnet effect. Archibald et al (2005) also suggests regression-modelling, a second
model for interacting effects. This model can be used to predict distribution patterns and can be
done through regression modelling on a map. Whelan (1995) suggest that grazing and fire
successions are idealistic to analyse mechanical disturbances such as fire and grazing at a
landscape level. Archibald et al concentrate on effects on the landscape level and therefore
propose two different models, only one of them will be mentioned closer in this essay.
Archibald’s approach to understand the interaction between fire and herbivory and role they play
in determining the landscape structure go through analysis the landscape effects, but is this

sufficient for fire and herbivory, when you analyse the savanna tree-grass dynamics.

Interaction and succession of fire and grazing
Theories to support interaction between fire and grazing, and that these two disturbances

maintain high diversity among species is not hard to find, the result from Collins experiment in
1987, Whelan (1977, 1989) in Whelan (1995) provided evidence. Collins conducted (see Whelan
1995) a study in the North American prairie that showed that both grazing and fire had effects on
species diversity and composition in grassland community, Grazing alone did not have enough
effect on species diversity, fire could cause reduction diversity, but the largest impact was when
both were combined. When both disturbances were combined they could cause increased
diversity. This recent scientific experiment shows that fire and grazing do have a profound

influence and that dividing these two disturbances is difficult.

14
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Edwards and Gillman’s (1987) in Whelan (1995) and Whelan’s (1989) in Whelan (1995) theory
about the herbivory effects on the development of the plant community after fire reveal that
herbivores have little effect in absence of fire. The combination of herbivory and fire can cause
an increased change in plant community structure. “ The results of Collins (1987) lend support to
the theory that disturbances such as fire and grazing can maintain high species
diversity...”(Whelan 1995) and “However, increased species diversity as a result of grazing,
burning, or both, is not universal by any means. Burning can make otherwise long-lived plants
susceptible to herbivory, thus reducing diversity by the elimination of palatable species” (Whelan
1995).

15
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Discussion
The approach of method by doing a comparison between theories was chosen because of the new

approach to scientific data about fire and herbivory and the interaction effects on tree-grass
dynamics and succession in the savanna. In light of recent research projects on this interaction in
the savanna, it is interesting to see how this stand against established theories in the field of
ecology. Because this is a comparison between a few of all the theories in the field of ecology,

the paper has more an interdisciplinary character.

In savanna ecology there are central questions that concern mechanisms that allows the long-term
coexistence of trees and grasses. These functional types use the same resources, solar energy,
water and nutrients. The ecology in savanna environments has specific conditions. Coexistence of
tree and grass dynamic is an essential part of the savanna, which is partially a human created
environment. Grazing and fires have had a profound influence on the vegetation in savannas and

in Africa.

The intermediate disturbance hypothesis (Brewer 1994; Townsend 2003) and Janzen-Connell
hypothesis (Kellman and Tackaberry 1997) do not uniquely explain tropical savanna coexistence
of trees and grasses due to fire, grazing and browsing, even though the intermediate disturbance
hypothesis was created to explain disturbance in the tropical rain forest and coral reefs. In this
case the vegetation in the savanna with trees and grasses is effected in a positive correlation, the
grass that is being burned and grazed affects fire that then gives a possibility for trees and bushes
to establish and growth. This facilitation is different for browsing and for grazing. Increased
browsing that is a consequence from grazing is a result from a decrease of fire and increase of
bushes. This causes more browsing of bushes and trees, the outcome of this is less woody
vegetation, more grass and in the end more fire and a circle of fire, grazing and browsing are
complete. Huston pointed out in 1979 that competitive displacement rate depends as well on the
productivity on the site, which can make low productivity more favourable for coexistence.
Coexistence between grasses and trees on the savanna is a large part of the savanna dynamics,
although disturbance by browsing, grazing and fire maintains the dynamics. Huston has also
demonstrated different kinds of negative correlations between tropical forest and fertility of the
soil. The demonstration showed that soil fertility influences competition in tropical forest

diversity. The question that remains is how this influences the savanna environment.

16



Michaela Carlsson (780901). Sambandet miljo och utveckling i Syd 20p. Sédertdrns Hogskola.

Herbivory and fires disturb the tree-grass competition in such a large amount that it affects the
vegetation structure. Herbivores influence the succession, from grassland to scrub. Although
grazing and browsing alone can affect they are often accompanied by fire. As referred to earlier
there are different models showing these vegetation adaptations (figures land 2 ). Adaptation can
be made by different defense mechanisms, for example mechanic (thorns) and chemical
(unpalatable, toxic). Herbivory and fire do accompany each other, which is obvious with the
rinderpest. To explain temporal variations Langevelde et al (2003) uses the example of rinderpest
that was a pandemic in eastern Africa in the 19™ century. Rinderpest that can be seen as a large
and unwanted experiment, made it possible to see how the grass-tree dynamic is effected of fire
and herbivory. Due to it there were effects both on livestock and wildlife. The consequences

affected the savanna on a landscape scale.

Decline in livestock lead to famine and starvation in the human population and caused a decline
of anthropogenic fires and browsing and grazing in the savanna environment. When fires and
herbivory decreased the consequence was a decrease of disturbance on the grass-tree dynamics
consequently leading to stress on the vegetation. The intermediate disturbance hypothesis
explains this by stating that change of disturbance leads to high or low stress because the balance
is changed. Archibald et al (2005) has done an experimental study on several ways to accomplish
that. One of them is the magnet effect that includes fire and herbivory. The magnet effect shows
that the animals are being drawn from grazed patches. There could be other models fitting the
savanna tree-grass dynamics. Regression modelling (Archibald et al 2005) is a second model for
interacting effects. This model can be used to predict distribution patterns and can be done

through regression modelling on a map, this model can possibly be used in the future.
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Conclusion
When grass is being burned and grazed, the effect of fire and herbivory then gives a possibility

for trees and bushes to establish and growth. Vegetation in the savanna with coexistence of trees
and grasses are affected in a positive correlation. In this case there are a difference in the
facilitation between browsing and grazing. Increased browsing is a consequence from grazing,
which is a result from a reduced fire and more bushes. The product of more browsing of bushes
and trees, is less woody vegetation, and fires and herbivory accompany each other in the same

sort of a balance.

The balances that fire, grazing and browsing in combination create are more important than most
believed from beginning. In the last years there has been more research projects on this
interaction in the savanna, which | believe is excellent because this field needs more research.
The interaction mechanism between fire and herbivory are central to understand the ongoing
dynamics between fire, grazing and browsing and its effects on tree-grass dynamics and

succession.

This paper mentions that there are different ways to show the interacting effects between these
two disturbances and how complex they are. This interaction can lead to long-term habitats, few
fires with intensity causing grazing tolerant grasses leading to grass being dominant or trees to be
dominant instead of lawn grass landscape. Modelling this way you can predict distribution
patterns with different environmental variables. In different testing distribution patterns with
complex variables, you can see if the predictions of hypothesised interactions are correct, so this
model can be a useful tool. I believe if the present savanna grass—tree dynamics is to be
preserved, fire and herbivory are vital part of the savanna coexistence balance. The ecology in
savanna environments has specific conditions and coexistence of trees and grasses is an essential
part of the savanna, a savanna that is partially a human created the environment. Present central
savanna ecology questions should concern mechanisms that include fire and herbivory in the
long-term coexistence of trees and grasses. Grazing and fires have had a profound influence on

the vegetation in savannas and in Africa.
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