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Preface

The following somewhat unusual preface should explain how I started and continued studying
the African savanna landscape during the last ten years and why I had to change twice the

objectives ofthe project.

From September 1988 till February 1994 I was working for developing agencies in Rwanda.

Initially, I was responsible for a forest project of Intercooperation in the Prefecture Kibuye.
Later on I was in charge of the agricultural and forest projects for the Swiss Development and

Cooperation (SDC) in the capital Kigali. From the very beginning I also became interested in

the fascinating savanna landscape and its dynamics. I realised that the savanna biome of this

part of East Africa was poorly studied although the savannas are of great socio-economic

importance for the local population. Therefore I asked SDC in 1991 for a 20% reduction of my

engagement, what gave me time for collecting field data in the rangeland of Ibanda situated in

southeastern Rwanda. The main goal of the first research plan was to study the arboreal and

woodland potential ofthese savanna formations in view of a multifunctional and sustainable use

of the natural resources. In particular I studied the use of fire as a management tool in

experimental plots. The local communities were closely involved in this approach (on farm

research).

This work went on from 1991 till April 1994 when the Rwandan civil war broke out and the

entire population of southeastern Rwanda fled to Tanzania where they stayed in refugee camps

until the end of 1996. For obvious reasons it was impossible to continue the field studies in the

Ibanda area and all research activities were interrupted for about one year. In 1995,1 located in

the Kagera savannas ofnorthwestern Tanzania, about 80 km east of Ibanda, an area, which was

similar to Ibanda in ecological terms. The new study area in the Burigi Game Reserve and its

surroundings were only barely used by the local population. Consequently, a close involvement

ofthe local population in the project as in Rwanda was no longer possible. The main goal ofthe

second research plan was the study ofthe impact of fire on different savanna formations in view

of an improved rangeland management. The layout ofthe new experimental plots was improved

considering the experiences made in Rwanda. The observation period was fixed for at least four

years.

After two years, in 1997, the Tanzanian wildlife authorities forbid me any further research

activities in the Burigi Game Reserve thereby forcing me to change once more a major objective
of the project. For time and also financial reasons it was out of question to look for a third

savanna area suitable to restart the fire experimental plots which should last at least for another

four years. From now on I concentrated my research on the study of the dynamics of thicket

clumps in different areas ofthe Kagera savannas, i.e., northwestern Tanzania, southern Rwanda

and southern Uganda. This modified concept allowed a) using part ofthe previous data and b)

studying further the initial central question concerning the tree-grass interactions and thereby
also the arboreal and woodland potential of different savanna fomations.

The ambitious and very broad initial research objectives with a strong application component

had to be reduced. Nevertheless I hope that some results of the modified research plan will be

helpful for future management ofthe Kagera savannas.
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Glossary

(Terms related to pasture are essentially according to Heady & Heady 1982; the vegetation types are defined in

chapter 1.1,1.2 and 3.5.3)

adaptation

alpha-diversity

autoecology

azonal

back fire

beta-diversity

bimodal rainfall

The genetic process by which organisms become increasingly
better able to exist under prevailing environmental conditions

and the specific genetic trait that renders an organism more

capable of existence (McNaughton & Wolf 1973).

Total number of species (synonymous species richness).

Life history and physiological ecology ofa species (Mueller-
Dombois & Ellenberg 1974).

Vegetation unit of higher order controlled primarily by extreme

soil conditions (Mueller-Dombois & Ellenberg 1974).

A fire burning against the wind.

A measure of how different (or similar) a range of habitats or

samples are in terms of species occurrence. A very simple
mathematical expression for the similarity of plant
communities is the community coefficient ofJaccard.

The annual rainfall is clustered into two periods in each

calendar year, usually separated by dry periods of sparse

rainfall.

biomass

biome

browser

caespitose

carrying capacity

character species

The amount of live material. Biomass is measured in dry

weight and usually refers to a unit area at a give time. Total

biomass is the sum of biomass and necromass (dead organic
matter).

An abstraction of many separate ecosystems, with similar

characteristics, into a single ecosystem-type (McNaughton &

Wolf 1973).

Herbivore eating preferentially leafs and twigs from tree and

shrubs. Browse (noun) is forage containing woody plant leaves

and twigs.

Branched from near the base.

The optimum combination ofproducts that can be derived from

the land without degradation ofthe range.

Plant species showing a distinct maximum concentration

(quantitatively and by presence) in a well-definable vegetation

type (Mueller-Dombois & Ellenberg 1974).
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climax

constancy

constant species

continuum

coppice shoot

core part species

cover

dambo

deciduous

dehiscence

differential species

disturbance

early dry season fire

ecotone

ecotone species

évapotranspiration

Successions may be directional, tending to terminate in a stable

species combination that is long lasting in comparison with

previous species combinations (modified from McNaughton &

Wolf 1973).

Proportion of relevés containing a given species. Absolute

constancy is the number of relevés in which a given species
occurs.

Plant species occurring in more than 40% ofthe relevés

Continuous change of vegetation structure and floristic

composition along a gradient.

Tree or shrub shoot sprouting from the stump.

Plant growing in the core part ofthicket clumps.

Cover ofthe ground by vertical projection ofthe vegetation.

A Zambian term for a temporary swamp (similar to Mbuga,
Pratt et al. 1966)

Woody plant species of which most individuals loose at least

50% oftheir leaves annually at the same time.

Process ofopening (fruit).

Plant species occurring in some relevés while absent in others.

Species with similar distribution may be grouped in so called

differential species groups allowing to differentiate some

relevés from others.

Sudden and relatively short change in the prevalent
environmental conditions (synonymous perturbation, Silva

1996).

Fire occurring in the first weeks of the dry season before the

grasses have completely dried out (synonymous early

burning).

Transitional band between two vegetation types.

Plant growing within the edge ofthicket clumps.

Water lost by transpiration from the plant canopy and

evaporation from the underlying soil surface. Actual

évapotranspiration is the effective évapotranspiration of a

given site. Potential évapotranspiration is the theoretically

possible évapotranspiration for a given site estimated by
measurements from a Piche evaporimeter.
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evergreen

field capacity

fire residence time

fire regime

forage

forb

forest species

formation

grazer

habitat

head fire

heliophilous

herbivore

humus

infiltration capacity

late dry season fire

leaching

litter

meristem

mineralisation

mbuga

Woody plant species of which most individuals always keep

more than 50% oftheir leaves.

Moisture content (wt % of dry soil) retained by soil after

gravity water has been allowed to drain away (Young 1976).
The duration ofthe fire at a given place.

Determined by fire frequency, season and intensity.

Available browse and graze.

All vascular plants except graminoid and woody plants.

Plant species that is not adapted to fire and therefore fire-

sensitive.

Plant community characterised by its life form structure.

Herbivore eating preferentially grasses and forbs. Graze (noun)
is forage containing grasses and forbs.

The environment in which an organism or community of

organisms lives.

A fire progressing with the wind.

Plant species living mainly on open sites.

Any animal exclusively eating plant material. Herbivory is the

impact ofthe herbivores on the ecosystem.

The decomposed organic matter within the soil.

The rate at which a soil profile can absorb or transmit water

applied to the surface (Young 1976).

Fire occurring in the last weeks ofthe dry season or at the very

beginning of the rainy season, grass cover completely dry

(synonymous late burning).

The removal of soluble minerals and compounds from plants
and soil by percolating water.

Undecomposed plant material on the soil surface.

Embryonic or undifferentiated tissue the cells of which are

capable of division.

Conversion oforganic into inorganic compounds.

A Tanzanian term for a low flat grassy plain of "black cotton

soil" with impeded drainage (Pratt et al. 1966).
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mosaic

mutualism

nitrification

nucleus species

palatable

pantropical

persistence

pioneer species

plant community

prescribed burning

primary production

pyrophyte

rangeland

relevé

resilience

rhizome

rotational grazing

Areas occupied by non-overlapping patches of different

vegetational phases (Pielou 1975).

Mutual beneficial interaction oftwo different organisms.

Conversion of atmospheric nitrogen and nitrogenous

compounds into compounds that can be used by green plants.

Woody plant which may play a pivotal role in the genesis and

development ofthicket clumps.

A plant is palatable when an animal prefers it and selects it

over other plants.

Plant species occurring in all tropical regions.

The survival time of an ecosystem or some component of it

(Orians 1975).

Woody plant which may initiate a new thicket clump.

Assemblage ofplant species (without ranking).

The use of fire for management purposes under specified
conditions (synonymous controlled burning).

Total (gross) primary production includes net primary

production and respiration losses for a given area within a

given time. Net primary production is the sum of the

following components: 1) change in biomass, 2) loss to

consumers, 3) other losses (exudates, parasitism), and 4)

change in necromass (Gauslaa 1989).

Plant species thriving on fire. Adjective pyrophytic.

Areas where wild and domestic animals graze or browse on

uncultivated vegetation.

A vegetation sample stand defined according the Braun-

Blanquet (1932) method.

Ability of the ecosystem to return to the previous condition

after disturbance (Harrison 1979).

An underground stem that grows more or less parallel to the

soil surface (including tiller).

Animals are moved from one pasture to another, often on a

definite schedule.

ruderal Plant species growing in human disturbed areas (fallow land,

roads...).
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savanna landscape

savanna species

semi-nomadic

sciaphilous

sclerophyllous

sod grass

stability

stolon

stocking rate

succession

succulent

sucker

termitarium

termitarium species

termitophilous flora

tree

Areas within which savanna vegetation dominates but is not

necessarily exclusive, being interspersed with riparian or

gallery forests, patches of woodland, swamps and/or marshes

(Hills & Randall 1968).

Plant species evolving under recurrent fire and therefore rather

fire-resistant.

Seasonal nomadic movement of people and grazing livestock

for part of the year combined with some form of permanent

farming in the wet season.

Plant species living mainly on shady sites.

Plants having leaves with a high sclerochym content.

Any grass with rhizomes or stolons.

Stage of dynamic equilibrium that persists over at least several

decades in terrestrial plant communities. It is recognised by a

relatively constant species composition and structure (Mueller-
Dombois & Ellenberg 1974).

A stem that grows horizontally on the soil surface, roots at the

nodes and may give rise to new shoots from the buds.

The number of animal units per unit area for the entire grazing
season.

Changes in vegetation that occur on the same habitat in the

course oftime (Mueller-Dombois & Ellenberg 1974). Primary
succession occurred on sites newly formed (unoccupied
habitats); secondary succession originates within temporarily
disturbed ecosystems (McNaughton & Wolf 1973).

Plant species having juicy tissues.

Tree or shrub shoot sprouting from rootstock or lateral root.

Mound build by termites which is either settled by the primary
mound builders, or secondary colonisers or is currently
abandoned.

Plant species preferentially growing on termite mounds in a

specific area.

All plant species preferentially growing on termite mounds in a

specific area.

All woody plants ^ 6 m with a well-defined trunk, and also

those forms branching close to the ground or bifurcating from

the ground level itself.
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turnover rate

tussock grass

understory

vegetation physiognomy

vegetation structure

vegetation survey

wildfire

wilting point

xerophil

zonal

(Net primary production / biomass) x 100

A grass with caespitose habit of growth due to the absence of

rhizomes and stolons (synonymous bunchgrass).

Plants growing beneath the tree canopy.

Vegetation structure and floristic composition (Mueller-
Dombois & Ellenberg 1974).

Biomass and life form structure (Mueller-Dombois &

Ellenberg 1974), including texture.

Totality ofvegetation sample stands in an area.

A fire burning without control or getting out of control.

Moisture content (wt % of dry soil) at which plants wilt and do

not recover on re-wetting; it indicates that the water still

remaining in fine pores of the soil is held under such tension

that it cannot be extracted by roots (Young 1976).

A plant which tolerates a dry habitat and is able to withstand

drought (Pratt & Gwynne 1977), synonymous xeric.

Vegetation unit of higher order, which reflects a close relation

to the current climatic conditions of a larger region and which

has developed without significant human interference on soils

with nonextreme properties (Mueller-Dombois & Ellenberg

1974).
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Summary

The Kagera savanna landscape in East Africa covers about 30'000 km2 in the border area of

Rwanda, Uganda and Tanzania including different savanna types of variable size and small

forest types. The tree-grass ratio ofthe savanna landscape continuously changes and reflects the

site-specific dynamics. A better understanding of the driving forces of the tree-grass ratio is a

prerequisite for an appropriate savanna management. Since the tree-grass interactions are best

manifested at the transition from thicket clumps to savannas we studied the dynamics of the

vegetation mosaic built by these antagonistic vegetation types.

Two main hypotheses were put forward and tested: a) thicket clumps on plain within a grass

savanna matrix are usually restricted to termite mounds and do not grow together; the vegetation
mosaic is quite static, and b) thicket clumps on hillside, which are irregularly distributed in

shrub savannas, tend to grow together and they form small semi-deciduous forests if the

determinants allow it; the vegetation mosaic is quite dynamic.

We selected three main study areas having a different relief: Kikulula in northwestern Tanzania,

Karama in southern Rwanda, and Lake Mburo National Park in southern Uganda. The

vegetation structure and floristic composition of 32 thicket clumps and their surrounding
savannas were analysed using the method of Braun-Blanquet and two transect methods. The

vegetation study shows that thicket clumps and their surrounding savannas have distinct

structure and floristic composition and are separated by a sharp ecotone. Grewia trichocarpa,
Olea europea var. africana, Rhus natalensis and Capparis erythrocarpos play a pivotal role in

the genesis and development ofthicket clumps in all main study areas. The main characteristics

(ecological properties and utilisation) of important thicket clump and savanna species are

presented. Finally, for comparative reasons six relevés of encroached savannas and 5 relevés of

the nearby Miombo woodland were recorded.

As main determinants of savanna dynamics the following factors were analysed considering
different topographic positions (geomorphology):

Climate: Recording of rainfall, temperature, relative humidity, évapotranspiration and of

use of existing data of nearby meteorological stations; assessment of temporal and spatial
variation of rainfall.

Soil: Description of all studied vegetation sites by 109 soil profiles; collecting 231 soil

samples ofthe top- and subsoil for the assessment of chemical parameters, i.e., pH, cations

(Na+, K+, Mg2+, Ca2+, Al3+, Fe2+/3+), tT, P, C, N, and physical parameters, i.e., bulk density
and texture; definition of the soil types according to the FAO - system; analysis of the data

using a two-way analysis of variance (ANOVA) with interactions (between vegetation type

and relief), stratified bytop- and subsoil.

Fire: Assessment of former and actual fire regimes considering natural and anthropogenic

fires; measurements of early and late dry season fire temperatures and assessment of their

impact on the vegetation.
Mammalian herbivory: Realisation of a rapid inventory within the study areas Kikulula,

Karama, Lake Mburo National Park and Burigi (Tanzania) of current and recent mammalian

populations considering their feeding and habitat preferences; assessment of the impact of

grazers and browsers on the vegetation by field observations and by consulting the

literature.

Termites: Identification of species and their feeding behaviour; assessment of the mound

characteristics (population, structure, height, diameter, and number per ha) and their

vegetation cover; assessment of the dispersion pattern of Macrotermes (two sites) and

Trinervitermes mounds (three sites) using Green's index.
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The most important impact of the strongly interactive main determinants on the vegetation
dynamics is as follows:

The rainfall patterns within the Kagera Region are remarkably irregular in time and space
and therefore quite unreliable what makes any management, especially crop production,
hazardous. The high cover value of the shrub/tree layer in thicket clumps leads to more

moderate and stable micro-climatic conditions in this forest formation than in their

surrounding savannas.

Thicket clumps and their surrounding savannas have distinct soil properties and since both

vegetation types have the same parent material we conclude that the genesis ofthe analysed
thicket clumps have started long ago. Dense tree/shrub cover and termites (especially on

plain) have altered profoundly the soil properties ofthicket clumps. Vegetation and termites

have to be considered as main soil forming factors in the Kagera savannas.

Natural fires do very seldom occur since most thunderstorms in the Kagera Region do not

coincide with dry periods and are accompanied by rainfall. The traditional pastoral late burning
regime became more of an agricultural early burning regime. But in the last decades political
insecurity furthered the chaotic use of fire, i.e., most firing happens in an uncontrolled way at

the beginning ofthe dry season and is not in relation to the land-use. Frequent cool early dry
season fires and the wide absence of large browsers favour the coalescence of thicket

clumps on stony hillside and have led to a general afforestation trend in the Kagera
savannas. Thicket clumps (semi-deciduous forests) and gully forests are quite resistant to

fire since burning do only scorch the edge of these forest formations. Both fire and

herbivory shape the physiognomy of thicket clumps and their surrounding savannas in a

different way thereby favouring a pronounced vegetation mosaic with a sharp boundary
line.

- Macrotermes mounds favour the growth of woody plants thereby leading to higher forest

and tree/shrub cover in a savanna landscape. On seasonally waterlogged plains they may

allow tree and shrub growth (fire protection, better drainage and often increased soil

fertility) and are the overriding factor for the vegetation mosaic: The uniform dispersion
pattern of the termitaria (and their thicket clumps) is determined by the intra-specific
competition ofthe Macrotermitinae colonies.

Savannas are not intermediates between grassland and forest and they represent an own

biome with typical floristic composition, structure and function. Under the current climatic

conditions all savannas with the exception of derived savannas would have a savanna climax,

just to use this term, with the proportion of the woody plants depending on the main

determinants and on past and current disturbances. Thicket clumps and semi-deciduous

forests are not relicts of previously large forests but are dynamic parts of the savanna

landscape.

The tree-grass ratio of savannas, especially for tree and shrub savannas, varies in time and

space and reacts sensitively to any disturbance. The inherent risk of bush encroachment of

many savannas due to the high resprouting capacity (coppice shoots and root suckers) of

most woody plants demands proper control of fire and grazing in any management. In

particular savanna formations on gentle slopes are prone to encroachment by Acacia hockii,

provided overgrazing and/or frequent cool fires happen to occur. This statement does not

hold for sites with a high proportion of lateritic pebbles.

Miombo woodland with its very specific properties (in particular floristic composition and

structure ofthe vegetation) should not be classified as a savanna. The northern boundary of
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the Miombo with, the savanna landscape in northern Tanzania corresponds to the transition

from an unimodal to bimodal rainfall system.

It is shown that most main determinants not only determine the savanna dynamics by constant

impact of similar importance but often as abrupt, short-lasting disturbances. A model was

developed with Stella software which contributed to a better understanding of the complex

vegetation dynamics on hillside.

We conclude that geomorphology widely defines the significance and interactions of the main

determinants and the disturbances and thereby the overall dynamics:

On plain the dynamics of thicket clumps is determined by termitaria and the intra-specific

competition of their Macrotermittnae colonies dictating a minimal distance between two

colonies within a seasonally waterlogged savanna matrix thereby preventing coalescence of

thicket clumps. The maximal extension of thicket clumps is determined by the size of the

termitarium and does usually not exceed 400 m2 in the Kagera savannas. Fire and the current

herbivory may only slightly modulate the physiognomy and extension of the thicket clumps.
The longevity ofthe termite mounds (recolonisation of abandoned mounds) and their mutualism

with the vegetation allows a stable vegetation mosaic over centuries.

On stony hillside the dynamics ofthe vegetation mosaic is high. No factor alone has a decisive

role. According to the particular situation a varying combination of factors determines the

dynamics. New thicket clumps arise not only on termite mounds but also on areas with a high

proportion of stony blocks or bare soil providing a certain fire protection. The extension of

thicket clumps is predominately determined by the fire regime and the browsing intensity. If fire

intensity and frequency are low and the browsing impact modest the thicket clumps extend due

to lateral growth of the edge and natural regeneration along the edge what may finally lead to

coalescence. This process is accelerated by a high proportion of stony blocks.

Our study contributes to the elucidation of some aspects of thicket clump dynamics. Future

research may deal in particular with the evolution of the forest cover using aerial photographs
and isotope analysis of soil organic carbon.
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Zusammenfassung

Die Kagera-Savannenlandschaft in Ostafrika, im Länderdreieck von Rwanda, Uganda und

Tansania umfasst eine Fläche von rund 30'000 km2 und zeichnet sich aus durch verschiedene

Savannentypen unterschiedlicher Ausdehnung, in denen eingestreut kleine Waldformationen

vorkommen. Das Baum/Gras-Verhältais in der Savannenlandschaft verändert sich ständig und

widerspiegelt die Standort-spezifische Dynamik. Ein besseres Verständnis derjenigen Faktoren,

die das Baum/Gras-Verhältnis massgebend bestimmen, ist eine Voraussetzung für eine

erfolgreiche Bewirtschaftung. Die Baum/Gras-Interaktionen sind am ausgeprägtesten, wo

Gebüschformationen und Savannen zusammentreffen. Deshalb untersuchten wir die Dynamik
dieses Vegetationsmosaiks aus antagonistischen Vegetationstypen.

Zwei Hauptthesen wurden getestet:

a) In der Ebene ist die Ausdehnung der Gebüsche in Grassavannen normalerweise auf

Termitenhügel beschränkt und deshalb wachsen die Gebüsche nicht zusammen. Das

Vegetationsmosaik ist relativ statisch.

b) Am Hang tendieren die in Strauchsavannen unregelmässig verteilten Gebüsche zu kleinen,

halb-immergrünen Wäldern zusammenzuwachsen, sofern die Determinanten günstig sind.

Das Vegetationsmosaik ist dynamisch.

Drei Hauptuntersuchungsgebiete wurden gewählt: Kikulula in Nordwesttansania, Karama in

Südrwanda und Lake Mburo National Park in Süduganda. Die Vegetationsstruktur und die

floristische Zusammensetzung von 32 Gebüschen und die sie umgebenden Savannen wurden

mit der Methode von Braun-Blanquet und zwei Transektmethoden untersucht. Die

Untersuchungen zeigen, dass Gebüsche und die sie umgebenden Savannen deutlich

unterschiedliche Strukturen und floristische Zusammensetzungen aufweisen und deren Ökoton

einen steilen Gradienten aufweist. Grewia trichocarpa, Olea europea var. africana, Rhus

natalensis und Capparis erythrocarpos spielen eine entscheidende Rolle in der Entstehung und

Entwicklung von Gebüschen in allen Hauptuntersuchungsgebieten. Der Verwendungszweck
und die ökologischen Eigenschaften der wichtigsten Gebüsch- und Savannenarten werden

aufgezeigt. Zusätzlich wurden zu Vergleichszwecken sechs Vegetationsaufhahmen von

verbuschten Savannen erstellt und fünfvom angrenzenden lichten Miombo-Trockenwald.

Unter Berücksichtigung des Reliefs (Geomorphologie) wurden folgende Hauptdeterminanten
der Savannendynamik untersucht:

Klima: Messung von Niederschlag, Temperatur, relativer Luftfeuchtigkeit, Evapo¬

transpiration und Verwendung von Klimadaten der nahegelegenen meteorologischen

Messstationen; Bestimmung der zeitlichen und räumlichen Variabilität des Niederschlages.

Boden: Beschreibung aller untersuchten Vegetationsstandorte mittels 109 Bodenprofilen;
Entnahme von 231 Proben vom Ober- und Unterboden für die Bestimmung der chemischen

Parameter pH, Kationen (Na+, K+, Mg2+, Ca2+, Al3+, Fe2+/3+), FT, P, C und N, sowie der

physikalischen Parameter Bodendichte und Textur; Bestimmung der Bodentypen aufgrund
des FAO-Klassifikationssystems; Untersuchung der Daten mittels Zweiweg-Varianzanalyse

(ANOVA) unter Berücksichtigung der Interaktionen zwischen Vegetationstyp und Relief,

stratifiziert nach Ober- und Unterboden.

Feuer: Bestimmung der früheren und heutigen Feuerregime unter Berücksichtigung von

natürlichen und anthropogenen Feuern; Messung von Früh- und Spätfeuertemperaturen und

Untersuchung ihrer Auswirkungen aufdie Vegetation.
Herbivorie durch Säugetiere: Bestimmung der heutigen und früheren Säugetierpopulationen
in den Untersuchungsgebieten von Kikulula, Karama, Lake Mburo National Park und

Burigi (Tansania) unter Berücksichtigung des Habitat- und Fressverhaltens; Bestimmung
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des Einflusses von grasfressenden und laubäsenden Herbivoren auf die Vegetation durch

Feldbeobachtungen und Konsultation von relevanter Literatur.

Termiten: Bestimmung der Arten und deren Fressverhalten; Untersuchung der

Eigenschaften der Termitenhügel (Population, Struktur, Höhe, Durchmesser und Anzahl pro

Hektare) und deren Vegetationsdecke; Bestimmung des Vegetationsmusters von

Termitenhügeln von zwei Macrotermes- und drei Trinervitermes- Standorten mittels des

Green-Indexes.

Die wichtigsten Auswirkungen der stark interaktiven Hauptdeterminanten auf die

Vegetationsdynamik können wie folgt zusammengefasst werden:

Die zeitliche und räumliche Niederschlagsverteilung in der Kagera-Region variiert stark

und ist unvorhersehbar. Dies erschwert die Weidebewirtschaftung und schränkt die

landwirtschaftliche Produktion ein. Gebüsche haben aufgrund des hohen Deckungsgrades
der Baum- und Strauchschicht ein ausgeglicheneres Bestandesklima als die umliegenden
Savannen.

Trotz gleichem Muttergestein weisen Gebüsche und die sie umgebenden Savannen

signifikant unterschiedliche Bodeneigenschaften auf, was auf eine länger zurückliegende

Entstehung schliessen lässt. Die geschlossene Baum- und Strauchschicht und die

Termitenaktivität (vor allem in der Ebene) fuhren zu veränderten Bodeneigenschaften in

Gebüschen. Die Vegetation und die Termiten sind wichtige bodenbildende Faktoren in den

Kagera-Savannen.

Natürliche Feuer sind in der Kagera-Region äusserst selten, da Gewitter vor allem während

den Regenzeiten auftreten und Gewitterstürme ohne Niederschlag nur vereinzelt

vorkommen. Das traditionelle, vorwiegend pastorale Spätfeuerregime wurde mit

zunehmendem Ackerbau allmählich durch ein Frühfeuerregime ersetzt. Aber in den letzten

Jahrzehnten verstärkte die politische Unstabilität den chaotischen Charakter des

Feuerregimes, d.h. das unkontrollierte Abbrennen zu Beginn der Trockenzeit ohne direkten

Bezug zur Landnutzung. Regelmässige Frühfeuer und das Fehlen von grossen laubäsenden

Herbivoren führte und führt zum Zusammenwachsen von Gebüschen an steinigen

Hanglagen und zu einer allgemeinen Bewaldungstendenz in den Kagera-Savannen.
Gebüsche (halb-immergrüne Wälder) und Thalweg-Wälder (Runsenwälder) weisen eine

relativ hohe Feuerresistenz auf, da bei Feuer nur der Saum leicht versengt wird. Feuer und

Herbivorie formen die Physiognomie von Gebüschen und die sie umgebenden Savannen in

unterschiedlicher Weise und fuhren zu scharfen Grenzen zwischen den beiden

Vegetationstypen.

- Macrotermes- Hügel fördern das Wachstum von Holzpflanzen, wodurch sich der

Waldanteil und der Deckungsgrad der Baum- und Strauchschicht in der Savannenlandschaft

erhöht. In periodisch überschwemmten Ebenen ermöglichen sie Wachstum von

Holzpflanzen (Feuerschutz, bessere Durchlüftung und oft erhöhte Bodenfruchtbarkeit) und

sind der entscheidende Faktor für die Ausbildung des Vegetationsmosaiks. Das

gleichmässige Verteilungsmuster der Termitenhügel (und damit der Gebüsche) ist bestimmt

durch die artinterne Konkurrenz derMacrotermes- Kolonien.

Savannen sind nicht eine Mischform von Grasland und Wald, sondern ein eigenständiges
Biom mit typischer floristischer Zusammensetzung, Struktur und Funktion. Unter den

heutigen Klimaverhältnissen hätten alle Savannen - Ausnahme bildet die durch starken

menschlichen Einfluss abgeleitete Savanne - eine Savannen-Klimax (sofern wir diesen

Begriff verwenden wollen), wobei der Anteil von Holzpflanzen abhängt von den

Hauptdeterminanten und den früheren und heutigen Störungen. Gebüsche und halb-
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immergrüne Wälder sind keine Relikte von ehemals ausgedehnten Wäldern sondern

dynamische Formationen der Savannenlandschaft.

Das Baum/Gras-Verhältnis, insbesondere in Baum- und Strauchsavannen, variiert zeitlich

und räumlich stark und reagiert sensibel auf Störungen. Die hohe Fähigkeit der meisten

Savannenholzpflanzen, Stockausschläge und Wurzelbrut zu bilden, führt zu einem

inhärenten Risiko vieler Savannen zu verbuschen. Dies erfordert einen gezielten und

kontrollierten Einsatz von Feuer und Beweidung. Insbesondere Savannen an leichter

Hanglage neigen bei Überbeweidung und/oder häufigen, schwach intensiven Feuern zur

Verbuschung mit Acacia hockii. Diese Aussage gilt nicht für Standorte mit einem hohen

Anteil an Lateritkies.

Der Miombo-Trockenwald hat eigenständige Merkmale (im besonderen floristische

Zusammensetzung und Vegetationsstruktur) und sollte daher nicht als Savanne bezeichnet

werden. Die nördliche Grenze des Miombo zur Savannenlandschaft in Nordtansania

entspricht dem Übergang vom unimodalen zum bimodalen Niederschlagssystem.

Die meisten Determinanten bestimmen die Savannnendynamik nicht nur als langfristig
wirksame Grössen, sondern treten auch als abrupte, kurzfristige Störungen auf. Dank einem

entwickelten Modell (Stella Software) wurde das Verständnis der komplexen

Vegetationsdynamik an steiniger Hanglage verbessert.

Aufgrund unserer Untersuchungen kommen wir zum Schluss, dass das Relief die Bedeutung
und die Interaktionen der Hauptdeterminanten und der Störungen weitgehend beeinflusst und

dadurch die Waldfahigkeit der Standorte:

Die Gebüschdynamik in der Ebene ist bestimmt durch die Termitenhügel und die artinterne

Konkurrenz der Macrotermitinae- Kolonien, wodurch eine Minimaldistanz zwischen den

Kolonien nicht unterschritten wird, was das Zusammenwachsen der Gebüsche verhindert. Die

maximale Ausdehnung der Gebüsche wird bestimmt durch die Grösse der Termitenhügel und ist

maximal 400 m2 in den Kagera-Savannen. Feuer und Herbivorie haben nur einen geringen
Einfluss auf die Physiognomie und die Ausdehnung der Gebüsche. Die lange Lebensdauer der

Termitenhügel (erneute Kolonisation von nicht bewohnten Termitenhügeln) und die

mutuahstische Beziehung mit den Gebüschen führt zu einem stabilen Vegetationsmosaik über

Jahrhunderte.

Die Dynamik des Vegetationsmosaiks an steiniger Hanglage ist hoch, wobei kein Faktor alleine

eine bestimmende Rolle hat. Eine nach Standort variierende Kombination von Faktoren

bestimmt die Dynamik. Neue Gebüsche entstehen nicht nur auf Termitenhügeln, sondern auch

an Standorten mit hohem Blockschuttanteil oder kahlen Stellen (Besiedlung erschwert), wo

Feuer nicht auftritt. Die Ausdehnung der Gebüsche hängt primär vom Feuerregime und der

Präsenz von laubäsenden Herbivoren ab. Bei geringer Feuerintensität und -frequenz und

schwacher Beweidung dehnen sich Gebüsche lateral aus, was zum Zusammenwachsen der

Gebüsche führen kann. Dieser Prozess wird durch einen hohen Blockschuttanteil beschleunigt.

Unsere Studie trägt zu einem besseren Verständnis der Gebüschdynamik bei. Weiterführende

Untersuchungen vor allem in Bezug auf die Entwicklung der Bewaldung (Auswertung von

Luftbildern und Isotopenanalyse des organischen Kohlenstoffes im Boden) sind angezeigt, um

die Dynamik des Vegetationsmosaiks auch zeitlich besser erfassen zu können.
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1. Introduction

Nomenclature: Troupin (1978, 1983, 1985,1988); Flora ofTropical East Africa

1.1 Definition of savanna and savanna landscape

There is no commonly agreed definition of the word "savanna" or its French (savane) or

Spanish (sabana) equivalents (Bourlière & Hadley 1983). It is said to be derived from an old

Carib word, but its etymology remains obscure. It is believed that the term was first used by

Oviedo in 1535 for designing the vegetation of the Llanos in Venezuela (Schnell 1970).

Trochain (1954) reported that the word "savanna" was originally applied in South and Central

America for grasslands with variable tree and shrub cover. In the 19th century Humboldt

introduced the term in the phytogeographical vocabulary.

Since that time, most authors have used the term "savanna" to designate a community having a

continuous grass layer usually scattered with trees. Most botanists working in Africa have also

adopted a similar definition (Bourlière & Hadley 1983). The meeting of the Scientific Council

for Africa South of the Sahara (1956) on phytogeography held in Yangambi agreed to define

savanna as follows:

"Formations of grasses at least 80 cm high, forming a continuous layer dominating a lower

stratum. Usually burnt annually. Leaves of grasses flat basal and cauline. Woody plants usually

present."

As many botanists we feel that the term "savanna" should be restricted to tropical and subtropical

formations and - contrary to the proposal of Yangambi - the term "steppe" (discontinuous

herbaceous layer) - should be reserved for temperate grasslands with a strong temperature

constraint. In this sense Bourlière and Hadley (1970) considered the following characteristics for

their definition ofsavanna:

"Savanna is a tropical or subtropical formation: 1) where the grass stratum is continuous and

important, occasionally interrupted by trees and shrubs; 2) where bush fires occur from time to

time; and 3) where the main growth patterns are closely associated with alternating wet and dry

seasons."

We recognise that the word "savanna", has been used in so many different ways and we are aware

that some workers, especially in East Africa (Greenway 1943; Pratt et al. 1966; Lind & Morrison

1974) have therefore rejected its use. Also White (1981, 1983), for the same reason, avoided the

term "savanna" in his classification system applied for the vegetation map of Africa. We

nevertheless think that the term is a very appropriate one. Savannas do not represent an ecological

intermediate case between forests and grasslands. They lack the tendency towards organic matter

accumulation in the topsoil characteristic of grasslands, and the microclimatic amelioration typical

for forests (Scholes & Walker 1993). Savannas are characterised by the dual significance of

herbaceous and woody plants (Archer 1990). The strong and complex interactions between the

woody and herbaceous plants give this vegetation a character of its own (Scholes & Walker 1993).

According to this reasoning we adopt for our purpose the following functional definition ofsavanna

by Scholes & Walker (1993):

'Tropical vegetation type in which ecological processes, such as primary production, hydrology

and nutrient cycling, are strongly influenced by both woody plants and grasses, and only weakly

influenced by plants of other growth forms."
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Fig. 1. Savannas occupy part of a continuum of vegetation types with varying proportions of

woody plants and grasses. The boundaries between types on this continuum are arbitrary.

Here they are represented by the lines of at least 5% contribution to the total annual

primary production by trees and grasses, with most of the remainder contributed by the

other type (modified from Scholes & Walker 1993).

The central concept - a tropical mixed tree - grass community - is widely accepted, but the

dehmitation of the boundaries has always been a problem (Scholes & Walker 1993). Figure 1

places savannas within the continuum of vegetation types, which have trees and grasses as their

main constituents. The diagram takes a broad view of what constitutes a savanna, acknowledging
that at the extremes, the distinction between savannas and woodlands and savannas and grasslands
is arbitrary.

For our purpose we define the division between savanna and grassland at the 2% canopy cover1 of

woody plants (what corresponds approximately to the 5% contribution of the total primary

production by woody plants in Fig. 1). Therefore, treeless tropical grasslands are excluded in our

definition. In Africa at least, treeless savanna are in general ofrelatively small extent, and are often

associated with characteristic soil conditions (Michelmore 1939, Belsky 1990). The Serengeti,
Loita and Kapiti plains as well as seasonally flooded and/or waterlogged grasslands in the coastal

area are a well-known feature of East Africa, though elsewhere in East Africa open grassland is

relatively restricted (Pratt et al. 1966). On the other hand we do not consider woodlands in our

savanna definition. According to the Yangambi classification we define woodlands as follows:

"Open forest: tree stratum deciduous of small or medium sized trees with the crowns more or less

touching, the canopy remaining light; grass stratum sometimes sparse, or mixed with other

herbaceous and suffrutescent vegetation."

1
For our purpose we define the canopy cover as the sum of the vertical crown projections assuming that

the crowns are not light permeable (only used for savanna and Miombo tree and shrub layer, see also

footnote 6).
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We set the boundary between woodland and savanna woodland at a canopy cover of 60% The

Miombo woodland, usually with a canopy cover in northwestern Tanzania of more than 60%, is

therefore not included in our savanna definition

The conceptual problems posed by savannas have been sidestepped in some circles by treating

the herbaceous layer as grassland, separate and independent of the tree layer However, it is

precisely in the interaction between trees and grasses that savannas differ from grasslands and

forests (Scholes & Walker 1993)

In addition to define the savanna ecosystem it is necessary to determine the term "savanna

landscape" In 1964, the members of the Caracas-Maracay International Geographical Union

symposium defined savanna landscape as follows (Hills & Randall, 1968)

"Areas within which savanna vegetation dominates but is not necessarily exclusive, being

interspersed with riparian or gallery forests, patches of woodland, swamps and/or marshes
"

Fig. 2. Typical savanna landscape at Lake Ngoma (Tanzania) near the Kagera River (border

between Tanzania and Rwanda)

This is a very frequent situation m areas with a forest-savanna mosaic (Bourlière & Hadley

1983) In East Africa - especially in areas of a manifold geomorphology - various forest

formations of limited extension (including the thicket clumps, see 1 2) are irregularly and

widely scattered in a matrix built of different savanna types and form the typical feature of this

savanna landscape (see Fig 2 and 3)
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1.2 Definition of thicket clumps

Small dense semi-deciduous woodv patches scattered throughout a grass matrix are widespread

in African savannas They may occur in the entire savanna domain (see Fig I) but moie

frequently in open savannas In the Kagera Region (see 3 1 ) m East Africa they form the typical

vegetation mosaic of tins area and are mostly found within savanna formations on seasonally

waterlogged plains and on rather steep stony hillsides (see Fig 3 and Fig 13 photograph
11 a/lib) In plains the woody patches are of circular form restricted to tlie better drained

conditions on and around termite mounds On stony hillsides the patches are of various rounded

off forms and sizes Tlie dense woodv patches are characterised by the presence of short boled

much-branched often aimed trees and shrubs as well as climbers and succulents Due to tlie

closed canopv the herbaceous layer is m general very sparse and mainly concentrated at places

with sufficient light at the giound level The edge of these woodv formations consists mostly of

lianas Tlie small woody formations contrast with the open suirounding savanna formations their

\egetation structure (i e biomass and life form structure) and floristic composition are very

diffeient The boundarv between these unlike formations is usually very sharp

Fig. 3. Thicket clumps at Kikulula Ranch Tanzania Thicket clumps of circular form on flat area

(foreground) thicket clumps of various form and size on stony hillside (background)

The denomination of these foi mations is difficult and not umfoimlv defined Archer (1989)

designed woody patches scattered throughout a herbaceous matrix in tlie Rio Grande Plains of

southern and northeastern Mexico as circular clusters of woody plants Tlie structure of these

woody formations, is sinulai to the woody patches in the seasonally waterlogged plains of the

Kagera Region However to our knowledge this term has not yet been used in Africa and is

therefore omitted In Africa predominately woody patches on flat areas have been described

This t\pe of vegetation mosaic is often called termite savanna (eg Longman & Jenik 199?) ot

m French su\cme a tei milieus missonnantts (eg \ubieville 1 Q*>7) or m Geiman

Ietmitensavannt (Troll 1936) The clusters of woody vegetation are fiequently named either

thicket (eg Spmage & Guinness I977) oi thicket clump (\angambi classification Langdale
Brownetal 1964 Lock 1972 1993 Lind <L Morrison 1974 Lenzi-Gnllini et al 1996) and m

French hosquet xerophile (Germain 19*52 Lebrun 1947 19*>*> Liben I960 Troupin 1966)

Howevei numerous authors (e g Gieenway 1943 I angdale-Brown 1964 Pratt et a 1 1966

Lind & Morrison 1974 Scholes &. Walker 1993) have used the term thicket also foi the

denomination of extensive low gi owing foi mations dominated by multi-stemmed woody plants

(eg Itii^i thicket on the central plateau of Tanzania) The structure and the ecological

conditions of these formations are very different compared to our clusters of woody vegetation

we analysed and therefore the use of the term thicket without further precision may lead to

confusions
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On the other hand woody patches on hillsides have only been poorly studied in East Africa.

Some woody patches on hillsides have been described by Lebrun (1955) and Troupin (1966)
within the Akagera National Park in Rwanda. They designed the larger sizes asforêt xerophile.

For our purpose we design clusters ofwoody vegetation on plain and hillside as thicket clumps.
The small extension of this vegetation type is reflected by the connotation clump. As outlined

above, several authors in East Africa have used this term designing clusters ofwoody plants on

plains and the term is therefore not new. We define thicket clumps as follows:

"Dense clusters of gnarled, much-branched, often armed trees and shrubs, thickly interlaced

which climbers, succulents often present, herbaceous layer very sparse, almost impenetrable; semi-

deciduous formation ofat maximum Vi ha, height ofthe dominant trees 8 to 10 m; fires enter at the

outmost only a few meters in the thicket thereby contributing to the formation of the marked

boundary with the surrounding open savanna formations."

We prefer to treat this two-phase community conceptually as mosaic of islands of forest (the
thicket clumps) within an open savanna, rather than a special type of savanna (Walter 1973). As

outlined the size and form ofthicket clumps may vary. Moreover, on hillsides, thicket clumps may

expand and coalesce thereby forming larger wooded patches with the characteristic features of a

semi-deciduous forest.

1.3 Characteristics of the savanna biome

Savannas of varying physiognomy cover about 20% of the world land surface (see Fig. 4) and

they embrace the greater part of the world's undeveloped and underdeveloped lands (Cole

1986). Despite the vast extend, wildlife resources and present and potential importance of these

areas for domestic stock and crop production, however, the relationships between the tropical
savanna vegetation and environmental conditions are less well understood than those of most

other ecosystems (Huntley and Walker 1982).

In Africa, savannas form a broad transition zone between closed tropical forests and open

deserts and occupy about 40% (Scholes & Walker 1993) ofthe area. The physiognomic gradient
tends to follow a climatic gradient, with increasing density oftrees with increasing rainfall

(Gauslaa 1989). In East Africa savannas may occur on dry slopes up to 2500 m a.s.l. (Klötzli,

personal communication). An important feature of savanna vegetation is their completely
different physiognomy in rainy and dry season. During the rainy season the landscape is of a

lush green what strongly contrasts with the yellowish and dusty landscape ofthe dry season.
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Fig. 4. Distribution ofthe savanna biome (modified from Bourlière 1983).

The affinities of the xeric African floras with those of Asia and America are obvious (Menaut

1983). Whereas pantropical species are rare (ruderals excepted), many genera and even more

families are represented on the three continents. This situation results not only from passive

transport or range extension of individual species, but also from very old pantropical land

connections (Gondwana land), prior to the differentiation of endemic groups. The floristic

relationships are particularly marked between Africa and southern Asia. Some xeric species can

even be found from the westernmost part of Africa to the arid areas ofnorthern India; such broad

ranges can be explained by the recentness of the land connections between the two continents.

Similarly, also the floristic affinities between Africa and South America can be traced back to the

Cretaceous time (about 120 mio yr). It is assumed that during this period Gondwana got divided

into South America, Africa and the subcontinent India (Orstom/Unesco 1983). Floral affinities

between Africa and Australia are much scarcer but nonetheless they exist.

The present-day African savanna floras are made up of two components, one originating in the

humidtropics andthe other, by farthe more important, made up oftrue xerophytic species (Menaut

1983). The flora of the African savannas represents an unquestionable entity, at the geographical,
floristic, ecological and physiognomic levels (Aubréville 1949a). This speaks in favour ofthe great

age of Afro-tropical savannas and is an important aspect concerning the origin of savannas (see

7.2).

In Africa the savanna biome differs from the adjacent rain forest and desert biome by a number of

climatic, floristic, faunistic and land-use features (Menaut 1983). However, the distinction between

these biomes is not easy to make at a regional level. The rain forest penetrates deeply into the

savanna biome, often as gallery forests along the riverbanks, and sometimes as forests islands on

the plateaux (Hopkins 1992). This vegetation pattern is usually called forest-savanna mosaic

(Adejuwon & Adesina 1992). The two formations are usually separated by a sharp boundary due to

the very contrasting floristic and physiognomic features ofthe two biomes (Hopkins 1992). In the

driest parts ofthe tropics and subtropics, a savanna-desert mosaic also occurs as a result of mainly
different soil conditions. In this case no sharp boundary between the two biomes can be drawn. The

arid savanna thus merges into desert, dwarf shrubs and desert grass communities becoming

progressively dominant. Moreover, considerable changes can take place from year to year,

depending on the annual climatic conditions and also on local land-use practice.
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Fig. 5. Areal richness zones of continental Africa, expressed as the number of species per

lO'OOO km2 (Menaut 1983). The areal richness of Madagascar exceeds 5'000 species

per lO'OOO km2.

The floristic richness of the savanna biome is often depreciated contrary to the rain forest.

However, according to Menaut (1983) the floristic richness of the African savannas stands out

clearly: their average areal richness of about 1'750 species is not much smaller than that of the

rain forests with 2'020 species, contrary to what is the rule in the neotropics. The areal richness

is defined by Cailleux (1953) as number of species occurring in a reference area of lO'OOO km
.

East Africa belongs to the area ofthe highest areal richness of continental Africa (see Fig. 5). In

general, the floristic richness is, in sub-Saharan Africa, much greater south of the Equator than

north of it, Madagascar being by far the richest area of all. According to White (1983) about

8'000 plant species - of a total of 13'000 savanna species in Africa - are endemic. The animal

richness of African savannas is even more spectacular with e.g., 68 species of ungulates

(Orstom/Unesco 1983). In general, the biodiversity of an area increases with the number of

different ecosystems. Therefore savanna landscapes with a manifold vegetation mosaic (Pielou

1975) have also a high biodiversity.
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As outlined above the world savannas have many characteristics in common. However, some

main differences exist between savannas from other continents and Africa. In South America,

savannas are of more uniform composition throughout their range and there is a continuum from

woodland through low tree and shrub communities, largely composed of the same species, to

savanna grassland (Cole 1986). This kind of continuum is seldom found in Africa with some

exceptions e.g., Selous Game Reserve in Tanzania. The savannas of South America are further

characterised by the absence of large herbivores since about lO'OOO BC. It seems that they

disappeared with the arrival of man. The savannas of the Indian subcontinent mainly are the

result of a history of human occupation extending back to 4'000 BC. During this long period
man has cleared tropical subhumid and dry deciduous forests for cultivation, grazing and

settlement, cut trees for timber and fuel and used fire for different purposes (Singh et al. 1985;

Cole 1986). The savannas of Australia have a typical floristic composition, i.e., mostly two tree

genus, Eucalyptus and Acacia dominate. If fires occur in these savannas the low flame point of

the Eucalyptus (Myrtaceae) induces high fire intensity (Klötzli, personal communication).

Furthermore, they contrast with those of Africa in the great development of grasslands. In

general non African savannas are relatively poor in biocoenoses of large mammals. African

savannas showed up to the beginning of this century an extreme richness of large herbivores,

which still now exist in some protected areas (Knapp 1973).

1.4 Vegetation dynamics

1.4.1 The relationships between herbaceous and woody plants

Contrary to what happens in other biomes, where herbaceous and woody plants are usually

antagonistic, savannas are characterised by the simultaneous occurrence of both forms. The

question ofthe existence of a tree-grass equilibrium in undisturbed savannas is widely discussed

in the literature (Schnell 1970; Walter 1971, 1973; Walker et al. 1981; Walker & Noy-Meir

1982; Eagleson & Segarra 1985; Belsky 1990; Skarpe 1991a; Tainton & Walker 1992). The

root system oftrees and grasses play a key role in the understanding oftheir interactions. Water

is a critical factor in savannas. Therefore trees and perennial grasses have in general an

extensive root system, which improve their water supply. Moreover, a well-developed root

system allows rapid coppicing respectively resprouting after injury of the above-ground parts
caused by drought, fire, grazing/browsing or cutting. Investment in roots limits the above-

ground production, but is a kind of stress tolerance adaptation and a reserve for recovery,

increasing stability and resilience (Gauslaa 1989).

The classical view of coexistence of tree and grasses - was based on Walter's (1971)

oversimplified hypothesis that trees and grasses have different access to the limiting factor

"water". He assumed that trees and shrubs - thanks to their presumed downward growing root

system - exploit mainly the water resources of the deeper soil layers, and those of the

herbaceous plants use the upper soil layers. However, studies carried out in West Africa

(Menaut 1971; Poupon 1979) have shown that almost all the root biomass is found in the upper

50 cm ofthe soil, and that tap-roots, when present, rarely enter deeply into the soil. Also more

recent studies (Scholes & Walker 1993; Belsky 1994) confirm that tree and grass roots exploit
often overlapping areas.

Explicit consideration of spatial aspects is important in the discussion of tree-grass interactions.

Belsky (1989) analysed the sizes and longevities of vegetation patches of different scale in the

Serengeti National Park in Tanzania which are caused by latrines, trails, clones, burrows, tree

understory, termite mounds, erosion, sodic pattems and also by inselbergs, riverine forests and

catenae. These vegetation patches may affect not only the tree-grass ratio but will also

determine the spatial distribution of the different life-forms. Since the spatial and demographic
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distribution of savanna trees influences the function they perform in the ecosystem the

elucidation of the mechanism underlying the observed pattems is the key to prediction and

understanding ofan ecosystem (Levin 1992).

The dependence between the grass and tree layers has been discussed by many botanists

working in savannas. Finding that a given association based upon the analysis ofthe herbaceous

layer alone can exist with or without a tree layer, or conversely that a single tree synusia can

coexist with different herbaceous associations, some authors have concluded that the two

synusiae were mutually independent. This is the case of Lebrun (1955) in his study of the

Akagera National Park in Rwanda. Moreover, he thought that the woody synusia was of

secondary importance and could not be used to characterise their various types. In so doing he

agreed with the view held by some plant ecologist who consider that woody plants are far less

sensitive to environmental changes than herbaceous species. However, Troupin (1966), working
in the same area, reached a different conclusion. He considered that, at least in certain

circumstances, the tree synusia characterises a plant community better than the grass synusia.

Furthermore, he underlined the importance of ecological characteristics and dynamics of the

woody species as indicators ofthe dynamics ofthe plant community as a whole.

Troupin (1966) concluded that is was dangerous to generalise: the tree-grass interactions are

manifold depending first of all on the environmental situation as a whole. Therefore a in depth

analysis ofthe environment and in particular ofthe main driving factors of vegetation dynamics
is a prerequisite for a better understanding ofthe tree-grass interactions of a given savanna site.

Any sound management of savanna land should have a good knowledge about the tree-grass

interactions and ofthe arboreal and woodland potential ofthe different sites.

1.4.2 Main determinants

The dynamics of savanna landscape are not uniform and vary considerably in space and time. The

variable tree-grass ratio plays an important role in this context. Klötzli (1980b), Huntley & Walker

(1982), Walker (1987), Skarpe (1992) and Scholes & Walker (1993) furthered our general

understanding ofthe vegetation structure and function of savannas. They stressed the influence of

geomorphology, climate, soils, herbivory and fire as main factors affecting the occurrence and the

dynamics of a savanna. Surprisingly, the importance of termites in this matter has been often

neglected so far, although their mounds create micro reliefs with ecological conditions different

from the surrounding savanna matrix thereby altering the tree-grass interactions.

It is not always clear which of these varying factors cause the main features of savanna structure

and function, and which are consequences, or coincidences (Scholes & Walker 1993). Furthermore,

most of these factors are interactive. Water and nutrient supply (depending on climate and soil

type) are referred to as primary determinants, because they define and constrain the potential

consequences ofherbivory and fire. For example, no amount of fire protection will allow a savanna

receiving 500 mm of rainfall to become a tall, closed woodland (Scholes & Walker 1993). Figure 6

shows the factors, which lead to the occurrence ofsavannas, and their interrelationships.

Most African ecosystems have an ancient association with humans. In the last decades human

activities have had an increasing impact on savanna dynamics mainly by a) modifying the fire

regime, b) altering the impact ofherbivory by exhaustive hunting ofwild game and increased cattle

ranching and c) by wood cutting. Therefore it is often arbitrary to distinguish in Africa between

natural and man-made savannas.
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Fig. 6. The factors which lead to the occurrence of savannas, and their interrelationships. Only the

main linkages and feedbacks are shown. In the centre are the factors contributing to

savanna stmcture and function, and in particular those required for the savanna definition

we have adopted: a significant contribution to the ecosystem primary production by both

trees and grasses. The next level represents the factors which determine savanna structure

and function: water availability, nutrient availability, fire and herbivory. The outermost

level contains the factors which lead the determinants to have their characteristics

(modified after Scholes &Walker 1993).

The main determinants of savanna occurrence and dynamics are briefly introduced below, and are

dealt with in more detail in chapter 6.
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Geomorphology:

In each continent the savanna lands are characterised by similar sequences of land forms that

represent the legacy of the long-term geomorphological evolution of the landscape under the

interacting influences of changing climatic conditions and geological events (Cole 1986). The

detailed relief ofthe surfaces varies with the stage of erosion and the underlying geology and

defines the spatial distribution of soil types (Young 1976). The varying spatial effect of the

environmental factors is mostly the result of the landform. A variable topography leads to

manifold ecosystems.

Climate:

At the subcontinental (biome-wide) scale, climate is suggested to be the determinant of the

distribution of vegetation (Ellery et al. 1992). There is general agreement that potential savanna

environments are most extensive in the intermediate or transitional zones between the humid

tropics and the dry mid-latitudes, with alternating wet and dry season. The savannas of the world

all occur at low latitudes and altitudes with little fluctuation in photoperiod and temperature, and

little, if any, influence of frost. Under these conditions rainfall plays a dominant role in plant
life. Precipitation influences nutrient and water availability, and hence net primary production

(Pandey & Singh 1992). Major development of savanna ecosystems occurs where totals exceed

600 mm annually, but compensating factors such as deeper and more retentive soil, lower

evaporative demands, or ground-water tables accessible to deeper-rooting trees and shrubs, may
extend this to 400 mm and even beyond. No upper limit is indicated, since regions with more

than 2000 mm during the wettest six months can have short but severe dry seasons, and this

then becomes the limiting factor for development of a continuous tree cover (Nix 1983).

Seasonality of rainfall pattern, effective rainfall during the growing season and the duration and

severity of the dry season(s) are of greater importance than mean annual rainfall (Nix 1983).

Tropical rainfall is characterised by its irregularity in time and space and its unpredictability. The

rainfall seasonality is a result of the latitudinal position of savannas with respect to the main

tropical atmospheric circulation systems, which oscillate annually north and south across the

savanna belt, due to the geometry of the earth-sun system. The dry season (two in monsoonal

climate) may vary between 2 and 8 months. The mean annual temperatures are high, ranging
from 20 to 30 °C (Nix 1983). This is due to the high solar radiation which, for the most part of

the year, is not attenuated by energy consuming water evaporation. As a consequence savannas

have a net water deficit, including much ofthe rainy season (Scholes & Walker 1993).

Soil:

The height and spacing of tree- and grass-components are influenced mainly by soil moisture

conditions which determine the categories of savanna, while the floristic composition of

vegetation units within each category varies with nutrient status (Lind & Morrison 1974;

Gauslaa 1989). Savanna vegetation has a variety of soil types. This is attributed to the

interaction of varied parent material with weathering regimes of different duration and

intensities. The soil type and in particular its texture determine the plant available nutrients and

soil moisture. Clay illuviation and ion movement are the dominant soil-forming processes,

resulting in distinct soil horizons and catenary sequences. The organic matter content of savanna

soils is generally low (< 5%). This has been attributed to the high temperatures, which lead to a

high rate of organic matter decomposition. It is also due to the frequently sandy nature of

savanna soils, and the predominance of low-activity clays, which do not encourage organic
matter stabilisation (Scholes & Walker 1993).
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Fire:

Fire is undoubtedly one ofthe unifying characteristics of savannas and it is more frequent than in

any other biome (e.g., Huntley & Walker 1982). Fire is commonly considered, if not as a causative

factor, at least as a maintaining factor of savannas (Montgomery&Askew 1983). Savannas have

developed different forms of adaptations towards fire (e.g., Komarek 1964, 1972). Natural fires,

mostly caused by hghtning, must have occurred since the earliest appearance of land plants in the

Palaeozoic Period (Clark & Robinson 1992). Anthropogenic fires have widely altered the natural

fire regime (Pyne 1992; Scholes & Walker 1993) thereby also changing the structure and floristic

composition ofthe vegetation (Innes 1972).

Mankind learned to handle fire as part of land-use, but also used fire for socio-cultural reasons

(Bloesch 1999). Fire has always been the major tool for clearing vegetation and for rangeland

management. Fire can be readily manipulated, and as such, is an important variable in any

management programme (Edwards P.J. 1984).

The impact of fire on the vegetation depends on the fire regime and the physiological stage ofthe

vegetation (Bloesch 1999). The time of burning is important (Bloesch 1999). Early dry season

burning has little effect on dormant savanna trees, but causes grasses to break dormancy, and

usually a flush of growth occurs, which depletes their root reserves. This amount of growth that

takes place is insufficient for replenishment of the reserve, so the new leaves die before the next

rainy season begins. Savanna trees usually sprout well before grasses, and often long before the

beginning ofthe rain: they are most sensitive to late dry season burning. Furthermore, fires, and in

particular early burning, are often patchy due to variable fuel load (e.g., areas with rock outcrops or

with termitaria).

Mammalian herbivory:

The best-known feature of the African savanna fauna is the diversity of mammals, in particular
of antelopes (Holtmeier 1999). Large mammals affect the vegetation directly, through

herbivory, and indirectly, by controlling the intensity and frequency of fires (Belsky 1989). In

many areas wild ungulates have been decimated in favour of cattle. However, the impact on

vegetation dynamics of game and cattle ranching is quite different. The wild ungulates

population may be composed ofmany different species of grazers and browsers which feed on a

wide variety ofplant materials. Moreover, distinct seasonal changes are apparent in the extent to

which several species were eaten (Jarman 1971; Field & Ross 1976). Domestic cattle (cows) are

in general confined to a grass sward and furthermore depending on their pedigree they are

physiologically not or only barely adapted to the dry season (Lamprey 1963; Lind & Morrison

1974). In tropical Africa some highly infectious diseases, e.g., foot- and mouth-disease,

rinderpest, malignant catarrhal fever, some tick-borne diseases and trypanosomiasis, endanger

both, cattle and game (Orstom/Unesco 1983). Usually game ranching and cattle ranching are not

mixed. An exception are the cattle herds of the Massai which often graze together with wild

ungulates (e.g., Anderson & Herlocker 1973). Walker (1979) stated that the optimum form of

land-use could be a mixture of cattle and game.

Savanna formations are also characterised by relatively high levels of net primary production

compared with their biomass. Savannas are second after tropical forests only in terms of their

contribution to terrestrial primary production (Atjay, Ketner & Duvigneaud 1987). E.g., Pandey
& Singh (1992) reported an aboveground net primary production in permanently protected
Indian savannas ranging from 329 to 74lg m^yr"1 and was positively related to annual rainfall.

The total net primary production ofthe savanna was similar to that ofthe native dry deciduous

forest. Grazing simulated 4-45% greater net primary production, the stimulation being higher
at lightly and moderately grazed sites. Savannas represent a substantial terrestrial organic
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carbon pool, which could act as either a net source or a sink of atmospheric carbon dioxide in

future decades (Scholes & Walker 1993).

Termites:

Through their feeding and building activities termites make a major contribution to the structure

and the functioning of savannas (Abbadie et al. 1992). Termites aid nutrient cycling, nitrogen
fixation and soil displacement (Howse 1992). Litter removal by termites accelerates the

decomposition of organic matter (Trapnell et al. 1976, Lee & Butler 1977 and Buxton 1981).
Termites create large zones of soil nutrient impoverishment in foraging areas and small patches of

nutrient accumulation in mounds (Jones 1992). Termite mounds show often higher contents of

organic carbon and nitrogen (Abbadie et al. 1992), exchangeable cations and phosphorus (Jones
1992) and are richer in clay (on vertisol it is the opposite, Herrmann, personal communication) than

the surrounding savanna soil. The vegetation cover of the mounds is usually protected against
bushfires due to its higher elevation and the frequent bare soil at the foot-slope of the mound.

Abandoned mounds are exposed to increased weathering thereby liberating mineral salts and other

nutrients that favour plant growth (Howse 1992). The mounds seem to be favourable sites for tree

development especially for seedlings and therefore playing a key role in tree dynamics. In

seasonally flooded plains woody plants are restricted on termite mounds, leading to a patchwork of

thicket clumps and grass savanna, the so-called termite savanna (Howse 1992, Longman & Jenik

1992).

The question of dynamics will be analysed in more detail in the chapter "discussion". In this

context also the related subjects of origin, climax, succession as well as stability will be discussed.

1.5 The economical importance of the savanna biome

The major part ofthe savanna biome is characterised by scanty and erratic rainfall and relatively
low soil fertility and therefore more suitable for pasture uses than for crop production. In Africa,
savannas are home to most of the population and are the areas in which population growth is

most rapid (Scholes & Walker 1993). Due to the rapid increasing population in the last decades

the free available land resources for agricultural activities became scarce in many areas. Hence

more and more marginal land not suitable for crop production is cultivated thereby endangering
the soil fertility. Nevertheless, the greater part of East Africa is still used as rangeland for wild

or domestic ungulates (Pratt et al. 1966). Furthermore, savannas offer many additional products
for the well-being ofthe local population (see 3.2). The socio-economic importance of savannas

is further discussed in chapter 3.2, and 3.5.4.
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2. Research problems

2.1 Literature review of the Kagera Region

In the following we give an overview of studies in vegetation ecology realised in the Kagera
savannas of Rwanda, Uganda and Tanzania (see Fig. 7). Studies treating other aspects of the

Kagera ecosystems (climate, soil...) are only enumerated here if they deal also with vegetation
aspects. In the following we separately list the literature for each country, because no study exists

comprising the whole region, although the region forms a geographical and ecological unit with

common socio-cultural roots (see 3.1).

Rwanda

The Kagera savannas of Rwanda are the best studied. However, most of the former vegetation
studies are primarily of historical interest. Most savanna formations were transformed into

densely cultivated land.

Lebrun (1956) gave a general introduction into the vegetation of Rwanda stressing particularly
the geographical aspect. Fischer & Hinkel (1992) and Fischer (1996) described the high

biodiversity of the ecosystems in Rwanda and emphasised the need for urgent conservation.

Monfort (1990) gave a botanical and ecological description ofthe most frequent savanna woody

species of eastern Rwanda and outlined their uses. Porembski et al. (1997) described the flora

and vegetation of some rock outcrops within the Kagera savanna including granite inselbergs,

quarzitic outcrops and ferricretes (hard impermeable reddish-brown iron crusts). Rock outcrops

do naturally not bear forests.

The Akagera National Park in eastern Rwanda was the main study area for savanna vegetation.
In 1938 Lebrun led a mission for exploring the flora ofthe park (Lebrun et al. 1948 and Lebrun

1955) and defined different vegetation types including some thicket clumps and semi-decidous

forests on hillsides and described their structure. Lebrun & Gilbert (1954) described the thicket

clumps of eastern Rwanda in their ecological classification of the forest formations of Congo.

Troupin (1966) furthered our understanding about the vegetation stmcture of these savannas and

described also their physical environment. In particular, he investigated the mutual and variable

dependence oftree and grass synusia in different savanna formations. Furthermore, he outlined the

successional stage of the different formations and their possible climax. Spinage (1969) further

completed the previous ecological findings from Lebrun and Troupin. Vande weghe (1990) gave a

fascinating overview of the spectacular flora and fauna of the park. Vande weghe & Dejace
(1991) analysed the savanna ecosystems including the geographical distribution of the main

woody savanna species within the park. Spinage & Guinness (1972) and Bouxin (1975a)
studied the impact of fire on savanna formations and analysed in particular the fire resistance of

the main savanna species. Moreover, Spinage & Guinness (1971) studied the tree survival in the

absence of elephants in the park. They underlined the importance of lightning strikes and

thunderstorms in tree mortality. In a small area of the park Bouxin (1973, 1974, 1975b)

analysed the relations between vegetation and habitat with numerical methods. Habiyaremye
(1994) defined the main vegetation types of the Mutara plains in northeastern Rwanda adjacent
to the park and outlined their successional stage.

Liben (1961) studied the structure and floristic composition of thicket clumps of different ages

in the Bugesera savanna landscape in southeastern Rwanda. Furthermore, he described the large
mammals and their habitat ofthe same area (Liben 1965). Frankart & Liben (1956) elaborated a

soil and vegetation map (both 1: 100'000) of the Bugesera including a description of the

different habitat. Frankart (1954) analysed the soil and the vegetation along a longitudinal
section of a dry valley in Bugesera. Runyinya (1979, 1980) described the rapid transformation
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of the savanna landscape in general and of the Bugesera area in particular. Due to the fast

population growth large areas offormer savannas have been replaced by agricultural fields what

induced serious ecological and socio-economic consequences.

Last but not least, Troupin (1978, 1983, 1985, 1988) documented the flora of Rwanda in great
detail (four volumes), hi the same context Bloesch & Troupin (2002) give a comprehensive
description of all woody species ofthe Rwandan Flora stressing their ecological and economical

importance. These documents are ofgreat help in vegetation studies ofthe Kagera Region.

Uganda

Langdale-Brown et al. (1964) proposed a classification system for the vegetation types of

Uganda. They described the different vegetation types and their bearing on land-use and

elaborated also a vegetation map in the scale of 1:500'000. Kingdon (1985) described the

former land-use of the Lake Mburo area and the history of the creation of the National Park.

Hoag et al. (1991) described the major terrestrial habitats ofthe Lake Mburo National Park with

respect to their floristic composition and animal use. Furthermore, the park authorities (Anon.

1994) wrote a guidebook with general information about the ecosystems of Lake Mburo. Acen

(1995) assessed the natural resources of the Kanyaryeru resettlement scheme along the

northwestern border of Lake Mburo National Park in view of proposing a buffer zone

management. The land use potential in the Ankole ranching scheme, adjacent to Lake Mburo

National Park was studied by Schwartz H. et al. (1996). Harrington (1974) analysed the

different impact of various fire regimes on savanna formations dominated by Acacia hockii,

Cymbopogon nardus, Hyparrhenia filipendula and Themeda triandra in Ankole. Ford &

Chfford (1968) analysed the spread of Glossina spp. the main vector of different forms of

trypanosome entering Ankole in 1907. As a result of this disease livestock was decimated

forcing the Bahimas to leave the Ankole pastures with the rest of the herds for many years to

come.

Tanzania

The vegetation of the Kagera savannas in northwestem Tanzania is very poorly studied. Most

research institutes and universities are located in the eastern part of Tanzania at Dar es Salaam

or in Arusha and Morogoro, too fer away for leading extensive field studies in the remote area

of Kagera in northwestern Tanzania. As fer as we know the only existing paper in the field of

vegetation science was elaborated by Rodgers et al. (1977) who described the different

vegetation types and the game population ofthe Burigi Game Reserve. Touber & Kanani (1996)
lead an extensive study of landforms and soils in the Karagwe District and elaborated a soil map

of 1:50'000 for the whole District.

2.2 Selection of the research topic

From the literature search we may conclude that the vegetation ecology ofthe Kagera savannas is

poorly understood. In fact only the Kagera savannas in Rwanda were studied in some depth while

those of Uganda and in particular ofTanzania were neglected by research institutes and developing

agencies, despite the great socio-economic importance of the savanna biome for the local

population. No vegetation study includes all parts ofthe Kagera savannas in Rwanda, Uganda and

Tanzania. So far, only a few savanna landscapes of East Africa, mainly in protected areas, are well

documented (e.g., Serengeti - Masai Mara plain in Tanzania/Kenya, Queen Elizabeth National

Park in Uganda). However, the vegetation physiognomy and the significance of their main

determinants differ from those ofthe Kagera Region.
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More than 90% of the population of the Kagera Region must find their income in agricultural
activities. However, during the last decades the pressure on the natural resources has

significantly increased. This is due to a rapid growth of the local population and a high

immigration rate. The immigrants mostly coming from ecologically different areas often applied
site specifically inappropriate management techniques. As a consequence many savannas risk to

be overexploited ifnot destroyed. A sustainable management is in high demand. To achieve this

it is essential to better understand the tree-grass interactions and thereby the arboreal and

woodland potential ofthe different sites.

So fer, no in depth studies exist about the dynamics of the Kagera savannas. The Rwandan

studies described mainly the structure of a given vegetation stage. The impact of the main

interacting factors was only partially analysed including soil and climate (rainfall). The other

main factors geomorphology, herbivory, fire and termites have not been analysed in detail.

Furthermore, thicket clumps and semi-deciduous forests have been almost neglected in all

studies.

In view of this situation and considering the special research circumstances (see preface) we
decided to analyse the savanna dynamics of the typical vegetation mosaic on hillsides and flat

areas where the tree-grass interactions are best manifested: on these sites small forest formations

(the thicket clumps and semi-deciduous forests) are dispersed within a matrix of open savanna

formations whereby the boundary line between the two vegetation types is sharp. We include

different study areas (enclosing sites of different relief) ofthe Kagera savannas in our project.

In conclusion we define the aim ofthe project as follows:

Produce a better understanding of the tree-grass interactions of the Kagera savanna

landscape in general and of the dynamics of the distribution pattern of thicket clumps
within an open savanna matrix in particular.

2.3 Hypotheses

Two hypotheses are put forward and shall be tested:

1) Thicket clumps on plain within a grass savanna matrix are usually restricted to termite

mounds and do not grow together; the vegetation mosaic is quite static.

2) Thicket clumps on hillside, which are irregularly distributed in shrub savannas, tend to grow

together and they form small semi-deciduous forests if the determinants allow it; the

vegetation mosaic is quite dynamic.

Additionally we will test a third hypothesis for a few sites:

3) Savanna formations on gentle slopes are prone to encroachment by thorny shrubs under

certain conditions; the process is very dynamic.
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2.4 Research questions

A better understanding of the dynamics of thicket clumps requests an in depth analysis of their

vegetation structure and floristic composition including the surrounding savanna formations.

Therefore, the following questions will be ofprime interest:

1) What are the typical features ofthe vegetation?
2) Do micro thicket clumps (juvenile stage) differ from mature thicket clumps?
3) Do nucleus plants exist which play a pivotal role in the genesis and the development of

thicket clumps?
4) What is the distribution pattern ofthicket clumps?
5) Do differences exist between study areas or between topographical sites?

Concerning the direct impact ofmain determinants on the vegetation the following questions arise:

6) What is the importance ofthe landform for the vegetation mosaic?

7) What are the climatic conditions ofthe study areas?

8) What are the physical and chemical soil properties ofthe vegetation relevés? Does correlation

exist between soil parameters and vegetation type?
9) What is the impact ofgrazing and browsing animals?

10) What is the impact of the fire regime? Why does the core part of thickets not bum (only the

boundary line bums)?

11) What is the role oftermite mounds?

12) What other factors may play an important role?

The following questions should allow a better understanding of the dynamics considering direct

and indirect (interactive) impact ofthe main determinants:

13) What are the processes leading to a scattered distribution ofthickets clumps?

14) What are the origin and successional stage ofthicket clumps?

15) What is the importance of casual events?

Finally, to ensure a link with the socio-economic development ofthe Kagera Region the following

question is relevant:

16) What are the main conclusions for the management?

It is important to notice that not every question has been investigated in all study areas (see 4.1).
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3. The Kagera Region

3.1 Geographical, socio-cultural and historical aspects

The Kagera Region lies in the border area of Rwanda, Uganda and Tanzania (see Fig. 7, 10). We

consider Rwanda, which is traditionally oriented to the east, also as part ofEast Africa. The region

is named after the Kagera River (Nyabarongo and Akagera in Rwanda) which is the Rwandan

system of the upper White Nile. The savanna landscape of the Kagera Region covers about

30'000 km2 of a variable but similar geomorphology of the Great Rift Valley System. Smooth,

mostly NNE-SSW oriented mountain ranges alter with numerous plains and open water sources

forming a spectacular scenery ofaquatic and terrestrial ecosystems.

Fig. 7. I I The Kagera Region

The Kagera Region may approximately be defined as follows: The eastern boundary in Tanzania,

from Nyamirembe to about 60 km south of Bukoba, is delimited by the shore of lake Victoria.

From there the border goes northwest thereby excluding the wetter part of the coastal area

(including some extensive swamp forests). In Uganda the area encloses the lower and drier part of

southern Uganda. In Rwanda the region is delimited to the west by the Central Plateau and to the

south by swampy areas along the Burundian border (from the ecological view the northern part of

the Burundian Bugesera could also be considered as part ofthe Kagera Region). The southern part
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of the Kagera Region in Tanzania follows the northern border ofthe Miombo woodland eastward

to the lake Victoria at Nyamirembe (please note that the ao!mimstrative Kagera Region in Tanzania

is part ofthe overall geographic Kagera Region!).

The Kagera Region does not only form an ecological (see 3.5.3) and geographical unit, but also has

common socio-cultural and historical roots. Prior to the colonial time the Kagera Region enclosed

the eastern part ofthe kingdom of Rwanda2, the southern part ofthe kingdom ofNkole in Uganda,
and almost the entire kingdom of Karagwe and parts of its sub-dynasties in Tanzania (Atieno
Odhiambo et al. 1977). AU these kingdoms were ruled by different branches of the Bahinda

dynasties descending from the same Bunyoro-Kitara Empire. The socio-political organisation of

the three states was centralistic and very similar. The societies were organised in a pyramidal way,

where everybody depends on somebody (Rössel 1992). The society rested on two distinct social

classes with different economic and ritual functions: the pastoralist Bahima (of linguistic Cushitic

origin but adopting the local Bantu language) and the agricultural Bantu. In many ways they
complemented each other, the Bahima supplying mainly the meat, milk and hides, while the Bantu

provided the agricultural crops. The Bahima provided the fighting forces to protect and extend their

common interests. To the Bahima cattle meant everything, their whole life being centred on them.

Not only were cattle valuable in themselves but they added social status and prestige to their

owners, and were also an invaluable means for rewarding faithful followers. This tended to give the
Bahima the position of a ruling class into which the Bantu could rarely ascend (Atieno Odhiambo

et al. 1977). The intimate link between the two classes is also reflected by the same spoken
language family in the three kingdoms (Kinyarwanda, Kinyankole and Kinyambo).

During colonial time the area got subdivided into three countries with different administrations,

thereby hindering exchanges within the region. After the First World War Rwanda (formerly
belonging to Deutsch-Ostafrikä) was indirectly mied by Belgium as a trust territory from the

League ofNations until its independence in 1962. Uganda became a British Protectorate in 1890,
the pattern of administration was based upon direct and indirect rule (Atieno Odhiambo et al.

1977). Uganda got its independence also in 1962. Tanzania, like Rwanda part of Deutsch-

Ostafrika, became after First World War a mandate ofthe League ofNations under British indirect

administration until becoming independent in 1961. After the independence of Rwanda, Uganda
and Tanzania cross-border collaboration between the three parts of Kagera Region barely existed

although efforts were made by the East African Community between Kenya, Uganda and Tanzania

to enhance economical exchanges since 1967. The East African Community collapsed in the

seventies due to the Ugandan unrest under Idi Amin, but resumed in the beginning ofthe eighties.
In Africa in general, south-south collaboration is barely developed and is almost not existing
between French and English spoken countries. This is also true for Rwanda3 (French), Uganda and

Tanzania (English) where formal cross-border collaboration does almost not subsist.

3.2 Traditional land-use (see also 6.4.2)

Archaeologists believe that the Kagera Valley System is one of the greatest hearths of African

prehistory. This hypothesis is based on excavations done on the Ugandan side of the river at

Nsongezi (Katoke 1975) and in the Akagera National Park (Vande weghe 1990). Agriculture as

well as iron-working are thought to have been introduced into East Africa by Bantu-speaking

peoples between 0 - 500 yr AD (Soper 1969). They replaced or displaced the Stone Age hunters

and gatherers over much of East Africa (Lind & Morrison 1974). However, it seems that the

Kagera savannas were never densely populated until recently in some parts (see 3.5.4). Rainfall

2
The kingdoms of Bugesera and Gisaka have been conquered in the second half of island mid of the

19th century respectively (Rössel 1986).
3
Since the Rwandan Patriotic Front is in power (1994) both French and English are official languages.
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was and still is too low and irregular to allow sustainable agriailtural activities in the entire Kagera

Region (Vande weghe 1990). In Rwanda agricultural activities were concentrated since the Iron

Age (700 yr BC) on the higher Central Plateau (Van Grunderbeek et al. 1983). There, rainfall is

more abundant and regular and diseases as for e.g., trypanosomes or malaria seldom occur at sites

above 1500 m a.s.l. due to the absence oftheir vectors (Glossina spp., Anopheles spp.).

The Kagera Region was mainly used as ranching area for game and cattle. Agricultural crops were

mostly planted on nutrient-enriched soils along foot-slopes. According to Lind & Morrison (1974)
and Katoke (1975) the main crops included the indigenous cereals sorghum, Eleusine and millet

(introduced earlier from the Ethiopian region) and the neotropical crops beans, yams, cassava,

sweet potatoes, maize, tobacco and groundnuts and peas from Eurasia. Bananas were introduced in

the mid or late 18th century (origin probably southeast Asia). As cash crop of African origin was

planted Coffea robusta and Coffea arabica (introduced by the British after First World War).

Furthermore, savannas offering many additional products for the well-being ofthe local population
as for example game meat, fuelwood, timber, constructing material, medicinal plants, edible plants,

honey and beeswax.

The first Arabs, attracted mainly by the large populations of elephants offering high profit in ivory
trade, seem to have reached Karagwe around the late 1830s and early 40s. They created the trading

posts of Kafuro and Kkengule (Katoke 1975). Speke and Grant, the first white men in the Kagera

Region in 1861, confirmed the richness in game and in particular the large size of elephant and

rhinoceros populations (Speke 1863). This is also symbolised by the three heads of white

rhinoceroses he offered as a gift to Rumanyika, the King of Karagwe. When Stanley crossed the

Kagera Region in 1876 big game was still abundant (Stanley 1878). However, hunting of elephants
and rhinoceroses rapidly increased, because of the profitable ivory tusks and hom, what lead

outside the Akagera National Park to the extinction of the rhinoceros (the last rhinoceroses were

seen in Karagwe in the late 1970s) and to a near extinction ofthe elephant (small populations still

exist in the Tanzanian part ofthe Kagera Region, see 6.4.2).

Besides game, big herds of long-homed Ankole cattle, tended by the nomadic Bahima, grazed the

Kagera savannas (Lind & Morrison 1974, Katoke 1975), until the rinderpest epidemic of 1889-91

decimated 90 - 95 % ofthe cattle (Ford & Chfford 1968). Ford & Clifford (1968), Katoke (1975)
and Vande weghe (1990) reported that this disease was followed by epidemic trypanosomes

(sleeping sickness of man and nagana of cattle) induced by a rapid spreading of the tsetse fly

(Glossina spp.). As a consequence people with their cattle left the Kagera savannas and in 1907,

when the Duke of Mecklenburg visited northeastern Rwanda, he found the area to be abandoned

(see Fig. 8) but game was plentiful. He described the savannas as treeless, what is typical for a

region of long-lasting pastoralism. Both, the heavy infestation of the grass Cymbopogon nardus,

generally associated with overgrazing by domestic stock (Heady 1960) and remains of corrals

(Vande weghe 1990) further supported the assumption that the area once was intensely pastured.
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Fig. 8. Treeless savannas in eastern Rwanda in 1907 (expedition Duke of Mecklenburg, Honke

1990)
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Information about climate, geomorphology, geology, soil, vegetation, actual land-use and

population characteristics of the Region as well as of the study areas are given in the following

chapters.

33 Protected areas

Two National Parks (Akagera and Lake Mburo) and three Game Reserves (Burigi, Rumanyika

Orugundu, Ibanda,) exist within the Kagera Region (see Fig. 9). Furthermore, a new Game Reserve

(Kimisi) in Tanzania is foreseen. It is important to notice that in 1997 the surface of the Akagera
National Park was drastically reduced by about 70 % from 2'500 km2 to approximately 800 km2

(Williams 1999). Fig. 9 shows the former border line ofthe Akagera National Park.

Fig. 9. Protected areas 1 Akagera National Park 4 Rumanyika Orugundu Game Reserve

2 Lake Mburo National Park 5 Ibanda Game Reserve

3 Burigi Game Reserve 6 Kimisi Game Reserve
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3.4 Location of the study areas

Six studied areas within the Kagera savannas have been identified (selection see 4.1):

Kikulula (Tanzania), Karama (Rwanda), Lake Mburo National Park (Uganda), Kimisi

(Tanzania), Burigi (Tanzania) and Ibanda (Rwanda).

Moreover, some sites from Lusahunga (Miombo woodland) were also analysed. The locations

ofthe study areas are shown in Figure 10 and the respective co-ordinates are given in Table 1.

The landscapes ofthe study areas are illustrated in Figure 11.

Table 1. Locations of the study areas

Study area Co-ordinates

Kikulula (Tanzania) 1°28'S/31°13'E

Karama (Rwanda) 2°16'S/30°16'E

Lake Mburo National Park (Uganda) 0°40'S/30°56' E

Kimisi (Tanzania) 1°57'S/31°07'E

Burigi (Tanzania) 2°02'S/31°11'E

Ibanda (Rwanda) 2°05'S/30°52'E

Lusahunga, Miombo woodland (Tanzania) 2°56'S/31°12'E
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Fig. 10. • Locations ofthe study areas

See nextpages

Fig. 11. Landscapes ofthe study areas

1 Kikulula Boran cattle ranch, semi-deciduous forest in the background.

2 Widely cultivated area ofKarama.

3 Lake Mburo National Park with Lake Mburo

4 Kimisi with gallery forest at the bottom ofthe valley and thicket clumps and a semi-deciduous forest in the

background

5 Burigi, vast area burnt along the Lake Bungi

6 Densely populated area of Ibanda Overgrazing by cattle led to the destruction ofthe grass cover (bare

ground) and the spread oiDichrostachys cinerea

7 Miombo at Lusanhunga with gallery forest ofevergreen species in the foreground. Deciduous Miombo

(Julbemardta globiflord) at the end ofthe dry season, beginning ofleafing
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3.5 Characteristics of the study areas

3.5.1 Climate

The climate ofthe Kagera Region can be related to its equatorial situation, its altitude, the major air

currents and the occurrence of large masses of water (Lake Victoria) within a continental land

mass. Owing to the equatorial situation the height ofthe sun at midday varies little and day length
is close to twelve hours throughout the year.

The southeast monsoons, bearing moisture from the Indian Ocean, are responsible for the main

seasonal rainfalls while dry conditions occur when the northeast winds prevail. As in many regions
of East Africa near the equator rainfall is bimodal which is also the case for most study areas

according to their Gaussen climate diagram (adapted by Walter et al. 1975, see Fig. 12). A major
peak occurs in March-May, and a second peak in (October) November-December. The main dry
season lasts usually about 100 days (Bultot 1954; Troupin 1966). June and July are totally dry (in
most years 0 mm rain). In January-February there is little rainfall. But Lusahunga in the Miombo

woodland and surprisingly also Karama (and to a lesser degree Burigi / Kimisi) have only the main

dry season. Their most southern locations (see Table 1) relative to the other study areas may be one

of the reasons, although Phillips (1931) found that only south of the 7° southern latitude one dry
season exists in the Great Central Plateau of Tanzania (see also 5.2). The annual rainfall in the

Kagera Region ranges from 650 mm (along the Kagera River in the Akagera National Park) to

about 1000 mm. Rainfall varies considerably in space and time and is rather unpredictable. Only
the driest period ofthe year constantly occurs from mid June to mid August.

See nextpage:

Fig. 12. Climate diagrams accordingto Gaussen for the study areas. The sequence ofmonths starts

with January instead of July as usual for the Southern Hemisphere what prevents splitting
ofthe main dry season.
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Daily temperature fluctuates between 12 and 34 °C, with an average of about 21 °C. Seasonal

fluctuations in temperature are negligible. Explanations for these low temperatures are frequent
cloudiness and a relative high altitude (1142 - 1800 m a.s.L). Some typical characteristics of the

climate are shown in Table 2. The climate type in the Koppen system is Aw. The local climate will

be further discussed in chapter 6.1 stressing in particular temporal and spatial distribution of

rainfall, évapotranspiration and relative humidity.

Table 2. Climate characteristics

Study area Mean annual Mean annual Annual Evapo¬ Climate type

rainfall temperature transpiration (Koppen

(mm) (°C) (mm) 1931)

Kikulula 740 21.3' Aw

Karama 899 20.8 Aw

Lake Mburo NP 8872 22.9 Aw

Burigi / Kimisi 8563 21.3' Aw

Ibanda 668 21.3 1619 Aw

Lusahunga 992" 20.84 Aw

1) Estimated according to nearby located meteorological stations

2) Data from Mbarara

3) Data from Kagoma

4) Data from Biharamulo

3.5.2 Geology, geomorphology and soil

The present landforms strongly correlate with the geology of the area and with the

geomorphological history since the onset ofthe African rift faulting. Most ofthe landsurface in the

Kagera Region is hilly, rolling or undulating and well drained. Bold ridges have developed on hard

bands of quartzite (Katoke 1975). According to Salée (1928), Anon. (1961), Anon. (1966) and

Touber & Kanani (1996) the underlaying rock is of Precambrian age (older than 600 mio yr) and

belongs to the Karagwe-Ankolean System with the exception ofLusahunga which is in the reach of

the Bukoban System and Lake Mburo which is partially in the reach ofthe Buganda-Toro System.
The two latter Systems form more sandy soils than the Karagwe-Ankolean System due to their

higher proportion of siliceous rocks. The mountain ridges are in contrast to the low, flat plains

surrounding Kagera River and its affluents that have been built up by sediments during periods
from Tertiary times to the present day (Touber & Kanani 1996).

The mountain ranges ofthe Kagera Region are formed of metamorphosed sedimentary rocks that

have undergone rather strong folding. The mountains are between 1300 and 1800 m a.s.l. high.
Two main groups of rocks may be discerned: quartzites, quartzitic sandstones and conglomerates,

originating from sandy deposits, on one hand, and phylhtes and shales, that developed out ofmore

clayey and sihy sediments, on the other. Quartzitic hills are characterised by steep, straight, long,
and uniform stony slopes. The softer, more fine-grained rocks, such as the shales and phylhtes
constitute the majority of the country rock. The characteristic landform of shales and phylhtes

presently is one ofsmooth, convex slopes.

In Table 3 main landforms, altitude, geology and dominating soil types are indicated for the study

areas. The study areas differ mainly in their predominating landforms, what was a selection

criterion. The complexity of landforms leads to a high variety of vegetation types (see 3.5.3). Soil

properties are further analysed in chapter 6.2.
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Table 3. Geology, landform, altitude and soil type

Study area Geology Main landforms Altitude

(m a.s.l.)
Dominating soil

types (FA0)

Kikulula Precambrian, Karagwe-
Ankolean System

Hills of various slope, valley
bottoms;

1180-1300 Ferralsol, Leptosol,
PlanosoL, Acrisol

Karama Precambrian, Pindura-

group, Bulimbi form

Smooth rounded hill tops, gentle
to moderate slopes, lakes;

1340-1430 Ferralsol, Acrisol

Lake

Mburo MP

Precambrian, Karagwe-
Ankolean /Buganda-
Toro System

Smooth rounded hill tops, gentle
to moderate slopes, valley
bottoms, wetlands;

1220-1450 Ferralsol, Histosol,

VertisoL, Leptosol

Kimisi Precambrian, Karagwe-
Ankolean System

Rather steep mountain slopes,
narrow valleys;

1300-1600 Leptosol

Burigi Precambrian, Karagwe-
Ankolean System

Various: steep mountains, ridges,
gentle slopes, vast plains,
wetlands;

1180-1400 Ferralsol, Leptosol,
VertisoL Cambisol

Ibanda Precambrian, Karagwe-
Ankolean System

Very various on small scale,

along Kagera valley,

1300-1450 Leptosol, Histosol,
FluvisoL Ferralsol

Lusahunga Precambrian Bukoban

System

Hillsides ofregular slopes, vast

quasi flat areas;

1280-1450 Ferralsol

Flat area: 0-5%

Gentle slope: 5-10%

Moderate slope: 10-50%

Steep slope: >50%

3.53 Vegetation

According to Frankart & Liben (1956) the Kagera savanna landscape forms a floristic unit and

belongs to the 'Lake Victoria Regional Mosaic" (White 1983). It is the meeting-place of five

floristic regions: Guineo-Congolian, Sudanian, Zambezian, Somalia-Masai and Afromontane. The

phytogeographical mosaic contributes widely to the high areal-richness ofthe Kagera Region (see

Fig. 5).

The main terrestrial vegetation types in the Kagera Region are determined by the soil catenae and

have been defined according to the classification of Yangambi, which is based mainly on

physiognomic criteria. In addition to Yangambi, for our purpose the cover as well as the average

height of the woody plants have been considered for getting a more objective classification. The

main terrestrial vegetation types ofthe Kagera Region including the adjacent Miombo woodland

are listed in Table 4.
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Table 4. The main terrestrial vegetation types ofthe Kagera Region

Vegetation type

Cover of tree

& shrub layer
%

Mean height
trees/shrubs

m

Gradient

ofslope
%

Minimal area

herb layer
m

Savanna types:

1) Grassland <2 0 39

2) Grass savanna 2-10 0-2/50-80 14 (hillside)

3) Shrub savanna type withSecuridaca

longepedunculata

10-15 2-4 50-80

4) Shrub savanna type with Crossopterix
febrifuga

10-30 3-4 15-60

5) Tree savanna type with Pappea capensis 20-40 6-8 3-15 83

6) Tree savanna type withAcacia

zanzibarica

20-40 8-10 0-3 63

7) Tree savanna type withAcacia gerrardii 20-40 7-8 0-3

8) Savanna woodland type withAcacia

polyacantha

40-60 14-16 0-2 48

9) Encroached savanna type with

Harrisonia abyssinica andDichrostachys

40-70 3-4 2-10

cinerea

10) Encroached savanna type withAcacia

hockii

40-80 5-7 5-15

Forest types:

11) Thicket clump 60-80 6-12(15) 0-10/20-70 61 (largeth.cl.)

12) Semi-deciduous forest 60-80 8-12(15) 20-70

13) Gully forest 70-90 8-15 10-50

14) Gallery forest 70-90 10-15 0-10

15) Swamp forest 60-90 12-20(25) 0 140

16) Woodland withJulbemardia globiflora

(Miombo)

>60 10-15 60-«0

According to the climatic conditions (see 3.5.1) mesic to moist savannas (Gauslaa 1989;

Scholes & Walker 1993) occur in the Kagera Region. They cover a much larger area than the

forest types. The savanna types (1-10) have a continuous herbaceous layer (mainly grasses), the

forest types (11-16) have a sparse and discontinuous herbaceous layer. Trees (^ 6 m) are the

dominating woody plants in all forest types as well as in the tree savannas and the savanna

woodland, whereby shrubs (< 6 m) dominate in the so-called shrub savanna. Since shrubs do

usually no exceed 6 m in the Kagera Region the hmit between shrubs and trees has been fixed

arbitrarily at this height. Encroached savannas are potential tree savannas. All grasslands are of

small extension. On hillsides thicket clumps may be of larger size. If their size exceeds 2'500

m2 they are called semi-deciduous forests (see 7.1.2.1.1). Gully forests are narrow bands oftrees
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and shrubs along side valleys on rather steep slope. On the other hand gallery forests are narrow

bands of trees and shrubs along seasonal watercourses in flat areas. The different vegetation

types are illustrated in Figure 13. For the calculation ofthe minimal area see 5.1.1.

The main vegetation types ofthe smdy areas are listed according to their importance in Table 5. A

more detailed description of the stmcture and the floristic composition of the studied plant
communities will be given under chapter 5.

Table 5. Main vegetation types

Study area Vegetation type

Kikulula 5,8,11,2,9,12,13,14
Karama 10,5,11,15
Lake Mburo NP 10,11,5,2,7
Kimisi 5,12,11,14,4,3

Burigi 5,6,4,9,8,13,14
Ibanda 4, 5,12, 13,1,15

Lusahunga 16,5,14

See neextpages:

Fig. 13. The main terrestrial vegetation types ofthe Kagera Region (including the adjacent
Miombo woodland)

I / 2 Grassland respectively grass savanna in the valley bottom (Akagera National Park)
3 Shrub savanna type with Securidaca longepedunculata (Burigi)
4 Shrub savanna type with Crossopterixfebrifuga (Burigi)
5 Tree savanna type -withPappeacapensis (Lake Mburo National Park)
6 Tree savanna type withAcacia zanzibarica (Burigi)
7 Tree savanna type with Acacia gerrardii (Burigi)
8 Savanna woodland type withAcaciapolyacantha (Burigi)
9 Encroached savanna type with Harrisonia abyssinica and Dichrostachys cinerea (Burigi)
10 Encroached savanna type withAcacia hockii (Lake Mburo National Park)
11a Thicket clump on seasonally waterlogged plain (Kikulula)
II b Thicket clumps of various form and size on hillside (Akagera National Park)
12 Semi-deciduous forest on hillside (Kimisi)
13 Gully forest (Ibanda)
14 Gallery forest (near Karama)
15 Swamp forest (Ibanda)
16 Woodland withJulbemardia globiflora (Miombo at Lusahunga)
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3.5.4 Actual land-use and population characteristics

In general in the last decades agricultural crops became more important in the Kagera Region at

the expense of cattle ranching. The rapid population growth, in particular in Rwanda, led to the

cultivation ofmore and more marginal lands (see also Lind & Morrison 1974). Until the 1960s the

Bugesera area and southeastern Rwanda were almost exclusively used for cattle ranching and only

very few settlements existed (Gashumba 1979; Runyinya 1979, 1980; Monfort 1990). Nowadays
the whole area is very densely populated and some marginal lands are even cultivated annually
without respecting the necessary fallow period for maintaining soil fertility.

Smallholders subsistence farming in the Kagera Region is widely predominating (on average 0,2 -

4 ha, Touber & Kanani 1996). The staple food are cooking bananas (Uganda and Tanzania) and

beans and bananas for producing beer (Rwanda). Cash-crop oriented systems (mainly coffee and

bananas) complete the traditional subsistence forming. Small amounts of cattle are hold in some

cases by the peasants. Outside the reach of homestead gardens seminiomadic pastoralism with

Ankole cattle is decreasing at the expense ofprivate and community ranches (Uganda and Rwanda)
and state ranches (Tanzania, foreseen for sail). As outlined in chapter 3.2. livestock development
has been held in check by livestock diseases, but also by small local demand. However, local

demands for milk and meat are increasing, livestock diseases can be controlled, and, in some

places, the battle against tsetse is showing favourable results (Lind & Morrison 1974). In Table 6

the main land-use and some population characteristics are listed for the different study areas.

Table 6. Actual land-use and population characteristics

Study area Mainland-use Local population Population density4
(peoples per km )

Kikulula Cattle ranch; Banyambo, Bahaya,
Bahima

Only employees on the ranch,
outside about 100-150

Karama Densely cultivated by smallholder

fanners outside the research station;

Banyarwanda 300-400

Lake Mburo

NP

Game (National Park) and cattle

ranching;
Banyankole No sedentary peoples, semi-

nomadic Bahima; outside Park

50-100 peoples

Kimisi Low intense cattle ranching; few

farms restricted on the foot-slopes;

Banyarwanda, Banyambo 0-50

Burigi Open land, hunting and collecting of

medicinal plants;
Banyarwanda, Banyambo No settlement

Ibanda Smallholder farmers, cattle ranching; Banyarwanda 150-200

Lusahunga Smallholder farmers, low intense

cattle ranching;

Basubi, Sukuma

Barundi, Banyarwanda

50-100

Population displacements within the Kagera Region and immigrants coming from outside existed

also in the former centuries. Most ofthe immigrants came from the lacustrine area for a number of

reasons: natural phenomenal events (droughts, famines), economic factors (e.g. Arabs and

Wanyamwezi from the Indian Ocean coastal area coming for trade) and political upheavals (Katoke

1975). In the last decades the stmcture ofthe local populations in many areas ofthe Kagera Region

4
The population density for the study areas was estimated considering existing figures for the three

countries respectively (Population census Rwanda 1991, Tanzania 1988).
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considerably changed due to a rapid increase of immigrants. The most typical example is Karagwe

hosting some hundred thousand of Banyarwanda in 1996. Since 1959 many Rwandese left their

country for political unrest but more recently also for scarcity of arable land in their home country.
As a consequence the population of Karagwe District rapidly increased as demonstrated by the

following figures:

Population figures for Karagwe District:

-1918: 29'000 peoples (Baines 1918)
-1967: 99'500

"

(Katoke 1975)
-1996: 362'094

"

(furthermore 129'027 refugees, see Owen & Ruzicka 1997)
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4. Methods

The study of the dynamics of thicket clumps follows as far as possible a holistic approach. In

chapter "research problems" we mainly give a general state of the art of studies in vegetation

ecology in the Kagera Region. A short literature review will be given for each subject (e.g. fire),

separately. The results are presented in two chapters: a) in chapter 5 the vegetation analysis and b)
in chapter 6 the main determinants. In each chapter treating a main vegetation determinant I

mainly describe the direct impact of the specific main determinant on the vegetation. The

vegetation dynamics considering the interplay of all main determinants will be presented in

detail in chapter "discussion".

4.1 Selection of the study areas and sites

The study areas were selected according to two aims:

a) The area should show the typical features ofthicket clumps;

b) The vegetation pattern should show different successional stages as a function of varying

impacts ofthe main determinants. Landform usually was a first selection criterion.

Unfortunately, this basic concept had to be modified as outlined in the preface. Eventually, the

following three main areas were selected (see Fig. 10):

Kikulula (Tanzania), Karama (Rwanda) and Lake Mburo National Park (Uganda).

In addition some sites from Kimisi (Tanzania) were studied. Previous investigations from

Burigi (Tanzania) and Ibanda (Rwanda) are only included ifthey are in line with the modified

research plan.

The studied sites within the study areas were selected according to the relief: flat areas, gentle

slope, stony hillsides and smooth rounded hilltops (see Table 7). Thicket clumps of different

successional stage (juvenile and adult) have been analysed.

Table 7. Topographical location of the studied sites

Study area

Number ofsites analysed with Braun-Blanquet* and along transects **

Plain Gentle slope Stony hillside Smooth rounded

hilltop

Kikulula

Karama

Lake Mburo NP

Kimisi

6*/l**

2* 6*/l**

6*/l**

6*/2**

3 (only savannas)

6*/2**

For comparative reasons:

Gully forests

Semi-decid. forests

Miombo woodland

5 sites in Ibanda, 1 in Lake Mburo NP, 1 in Burigi
2 sites in Kagoma, 1 in Kimisi

5 sites in Lusahunga (on different relief)

This approach allows a) the comparison of sites of similar relief, b) different relief and c) between

study areas and thereby the assessment ofpossible small and large scale heterogeneities within the

Kagera savannas.
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Additionally, 7 gully forests and the semi-deciduous forests at Kagoma and Kimisi have been

analysed in order to compare the vegetation structure and floristic composition of these forest

formations with those ofthicket clumps. Moreover, 5 sites from Lusahunga within the Miombo

woodland have been analysed, in order to compare this vegetation type with some vegetation

types from the Kagera savanna landscape.

4.2 Vegetation

At each site the analysis, including the thicket clump, its ecotone and the surrounding savanna

formation, followed the method of Braun-Blanquet (1932). Furthermore, 7 sites have also been

analysed along a transect.

4.2.1 Sructure and floristic composition

Selection ofthe sample stand

Regardless of the method used for field analysis, a sample stand (relevé) should fulfil the

following requirements (Mueller-Dombois & Ellenberg 1974):

1) It should be large enough to contain all species belonging to the plant community (see
minimal area below).

2) The habitat should be uniform within the stand area, as far as it can be determined.

3) The plant cover should be as homogeneous as possible. For example, it should not show

large openings or should not be dominated by one species in one half ofthe sample area and

by a second species in the other half.

Braun-Blanquet method

The tabulation technique in vegetation analysis (Braun-Blanquet 1932) requires that the relevés

comprise the typical species composition and fulfil the criteria of the minimal area. The cover-

abundance value of all species was recorded, separately for each layer of the reference area (see
Hobohm 1994). Since the shmbs and trees of thicket clumps are densely interlocked it was not

possible to distinguish in this formation between shrub and tree layer. The following scale was

used:

Any number, with cover more than % ofthe reference area (> 75 %)

Any number, with cover Vi - % cover (50-75 %)

Any number, with cover lA - l/2 cover (25-50 %)

Any number, with cover 1/20 - V* cover (5-25 %)

Numerous, but less than 1/20 cover, or scattered, with cover up to 1/20 (5 %)

Few, with small cover

Solitary, with small cover (note that r was neglected in our relevés)

Additionally, boundary values were noted by recording both cover-abundance values by putting the

higher value in brackets, e.g., 1(2).

Vegetation surveys have been realised mainly in the first half of dry season before general

burning started. At this time many plants are flowering (and geophytes are present) and the

grasses still have their inflorescences what facilitates species identification. All spermatophytes
and pteridophytes have been recorded and at least one specimen per species has been collected

and stored in a herbarium. Spermatophytes have been named following the nomenclature of
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Troupin (1978, 1983, 1985 and 1988), pteridophytes according to the Flora of Tropical East

Africa. The herbaria of the Institut National de Recherche Scientifique in Butare (Rwanda), of

the University of Makerere in Kampala (Uganda) and of the Jardin Botanique National de

Belgique in Meise (Belgium) were consulted for species identification of unknown species.
Some species were not identified.

The size ofthe relevé respects the minimal area as far as possible. Previously, the minimal area

has been calculated for the relevé ofthe herbaceous layer ofthe studied savanna types. Mueller-

Dombois & Ellenberg (1974) define the minimal area as the smallest area on which the species
composition ofthe community in question is adequately represented. Therefore the analysis of the

minimal area allows qualifying the vegetation formation. We calculated the minimal area as

follows:

Firstly, a typical area fulfilling the criterion of homogeneity was identified. Thereby we were

guided by the physiognomy of the vegetation, and then by the prevalence or dominance of

certain species that must be relatively uniformly present across the sample stand. Less obvious

or rare species may occur dispersed among the more obvious or dominant ones, and the

dispersal pattern of these less obvious species may be considered of secondary importance

(Mueller-Dombois & Ellenberg 1974). Within the homogenous area small quadrates (about 8 to

12) were lined up in a row. Then, a small quadrate, e.g., 2 x 2 m (according to the floristic

richness and the distribution pattern ofthe species ofthe plant community), was selected and all

species that occur within this quadrate were recorded. Then in a selected direction a second

quadrate of the same size was added and the new species were listed separately. Additional

quadrates have been added until two successive quadrates without new species showed up. If a

small quadrate hit a disturbed area, e.g., termite mound or small thicket clump, the required area

equal to one or several quadrates has been left out. The species number has then been plotted
over the size of a given sample in order to obtain the species/area curve, which allows defining
the minimal area (see 5.1.1).

Usually the survey includes two relevés per site (see Table 7), one in the core part ofthe thicket

clump and the other in the surrounding savanna formation. An exception is Kikulula plain
where for six studied thicket clumps eleven relevés in the surrounding savanna formations have

been realised in view of assessing all subtypes. Moreover, for time reason, in Kimisi only
relevés in the savanna formation have been realised. In total 32 thicket clump relevés and 40

savanna relevés have been realised and presented in constancy tables ranking the species
following their constancy values. A constancy table greatly facihtates comparison of the

individual relevés (Mueller-Dombois & Ellenberg 1974).

Diversity

The alpha- and beta-diversity have been assessed (Mueller-Dombois & Ellenberg 1974). A very

simple mathematical expression for the similarity of plant communities (the beta-diversity) is

the community coefficient Q of Jaccard (1928). It is based on the presence-absence relationship
between the number of species common to two areas (or communities) and the total number of

species. Therefore the coefficient expresses the ratio ofthe common species to all species found

in two vegetation segments. Thus,
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Common species
xlOO

All species

Cj is often written as:

xlOO

(A + B) - c

A = Total number of species in relevé A

B = Total number of species in relevé B

c = Total number ofcommon species

One ofthe great advantages of the Jaccard index is its simplicity. However, this virtue is also a

disadvantage in that the coefficient takes no account of the abundance of species (Magurran

1988).

Plant lifeforms

Within the whole tropical life world, savannas appear to be one of the most marked examples of

seasonal ecosystems, the changes during each annual cycle being perhaps one of their most

striking observable features. The woody and the herbaceous savanna species have to overcome

the same major environmental risks: seasonal drought and/or flood, and periodic burning; they
attain these goals by means of precise synchronisation of their successive phases with the

rhythmically changing environment (Sarmiento & Monasterio 1983).

Therefore one ofthe most enlightening approaches to the study of terrestrial ecosystems is that

focused on the careful consideration ofthe morphological features and the phenological behaviour

of their member species, as expressed both by special traits of external morphology and overall

organisation, and by sequential development of structures during each annual cycle (Sarmiento &

Monasterio 1983).

Plants are classified taxonomically into families, genera, species, varieties, etc. This, however,

is not the only way to classify plants. Species and individuals can be grouped into life form or

growth form classes on the basis oftheir similarities in structure and function. A plant life form

is usually understood to be a growth form, which displays an obvious relationship to important
environmental factors (Mueller-Dombois & Ellenberg 1974).

The classification formulated by Raunkiaer (1934) was developed in the Temperate Zone and is

ecologically oriented. Raunkiaer's system used one feature that summarises the physiognomy and

functional behaviour of individual plant species. This is the height above ground ofthe perennating
buds that carry the special growing tissues in which all new cells are produced. It equates to the

degree ofprotection needed to ensure survival during extremes oftemperature and aridity.

The following key (Ellenberg & Mueller-Dombois 1967) separates the five basic life forms of

Raunkiaer:

Woody plants, or herbaceous evergreen perennials:

Plants that grow taller than 100 cm, or whose shoots do not die back periodically to that

height limit: Phanerophytes
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Plants whose mature branch or shoot system remains perennially within 100 cm above

ground surface, or plants that grow taller than 100 cm, but whose shoots die back

periodically to that height limit: Chamaephytes

Perennial (including biennial) herbaceous plants with periodic shoot reduction:

Periodic shoot reduction to a remnant shoot system that lies relatively flat on the ground
surface: Hemicryptophytes
Periodic reduction of the complete shoot system to storage organs that are imbedded in the

soil: Geophytes

Annuals. Plants whose shoot and root system dies after seed production and which complete
their whole life cycle within one year: Therophytes

Furthermore, we considered two other life forms:

Plants that grow by supporting themselves on others and which germinate on the ground
and maintain their contact with the soil: Lianas

Plants that germinate and root on other plants: Epiphytes

In addition to Raunkiaer's system we consider also evergreenness and deciduousness as

important functional life form characteristics for woody plants. Most woody species change
their leafs during the dry season (Schnell 1970; Sarmiento & Monasterio 1983). The leaf fell of

many evergreen trees proceeds simultaneously with the development of a new leaf crop, in such

a way that the total green biomass on the plant decreases during that period, but the trees never

remain entirely leafless. On the other hand, truly deciduous species - that is, those remaining
leafless for several months - do not exist. We defined the terms for our purpose as follows:

Evergreen: Woody plant species ofwhich most individuals always keep more than 50% of

their leafs.

Deciduous: Woody plant species ofwhich most individuals loose at least 50% of their leafs

annually at the same time.

One has to keep in mind, however, that the rhythm of deciduousness and evergreenness, varies

within most species, and individual plants may display a phenology which differs from that of

the majority of the same species (Schnell 1970). Lebrun (1947) also reported a varying

phenology for a tree savanna type with Acacia gerrardii in the Rwindi-Rutshuru plain of the

former Belgish Congo.

The Raunkiaer's system, with various later improvements, has been widely employed to compare

numerous floras from everywhere in the world. In general, hemicryptophytes and geophytes

together seem to be the dominant group of life forms in the savanna flora. But, according to

Raunkiaer's principles and conclusions, a "hemi-cryptophytic-geophytic phytoclimate"

corresponds to a cool- or cold-humid climate proper to high latitudes of altitudes, quite unrelated

ecologically to the tropical savanna environment (Sarmiento & Monasterio 1983). This sort of

result has led to the almost unanimous opinion among tropical ecologists that the applicability of

Raunkiaer's life form system to savannas in particular, and to the whole tropical plant world in

general, provides information of very dubious interpretation. In view ofthese inherent limitations

of the Raunkiaer life form system, Sarmiento & Monasterio (1983) developed a simple system

for savanna species. The species are divided into three morphological groups according to the

degree ofperennation oftheir vegetative structures:
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The first group comprises those species that have certain permanent above-ground
structures, that is, some organs that live more than one year and receive therefore the full

impact of a whole cycle of environmental stresses. This group includes all woody species,
such as trees and shrubs, as well as caulescent palms and a few succulent rosettes, like the

aloes in African savannas and the bromeliads in America. In Raunkiaer terminology all

phanerophytes and chamaephytes are assembled here.

The second group is formed by perennial species in which all above-ground parts are

entirely seasonal - the aerial organs do not survive from one annual cycle to the next, but

the plants have perennating underground structures of different types. All geophytes, most

hemicryptophytes and a group of species hard to classify into one or another category

(subshrubby or sufffutescent species), have been assembled into this group.

A third type of growth form includes annuals, all of them lacking any perennating

vegetative structure, of which only the seed bank persists during the unfavourable season. It

corresponds to the therophytes ofthe Raunkiaer system.

We decided to use both systems, the slightly modified from Raunkiaer (distinction between

evergreen and deciduous phanerophytes) and that from Sarmiento & Monasterio for classifying
individual species according to similar gross-morphologies. The results are presented a) by the

life form spectra (number of species per life form class expressed in percent) and b) the

weighted life form spectra (considering the absolute constancy of each species). The life form

spectra are an appropriate way to characterise the vegetation (Cole 1986).

Constant species

For the analysis ofthe floristic composition ofthe relevés we used the constancy classes defined

by Mueller-Dombois & Ellenberg (1974):
I. Up to 20 % constancy, rare

II. 20.1 - 40 % low constancy
III. 40.1 - 60 % intermediate constancy
IV. 60.1 - 80 % moderately high constancy
V. 80.1 - 100 % high constancy

Differential species

The constancy tables of thicket clumps and savannas have been transformed into differentiated

tables following the method ofMueller-Dombois & Ellenberg (1974). Among the species with an

intermediate range of constancy (10-60 %), we tried to locate those that occur together in

several relevés. As a result we obtain the differentiated table showing the differential species
sorted into blocks (differential species groups). The columns of both differentiated tables

followed the same order for the study areas. The species of each differential species group are

ranked a) from high to low constancy value and b) according to the importance of the mean

cover degree (considering all recorded layers, see Table 8) for species of the same constancy

value. For a better perception the differential species and the most important remaining species
are presented in two separate summary tables for thicket clumps and savannas (Mueller-
Dombois & Ellenberg 1974).
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Table 8. Tabulation of Braun-Blanquet cover-abundance values converted to mean cover

degree (Knapp 1970)

Magnitude after Braun-

Blanquet

Range of cover degree
values in %

Mean cover degree
in%

5 75 -100 87.5

4(5) 75 75

4 50- 75 62.5

3(4) 50 50

3 25- 50 37.5

2(3) 25 25

2 5- 25 15.0

1(2) 5 5

1 <5 2.5

+ <5 0.25

Note: The mean cover degreesfor 1 and + have been determined arbitrarily.

We did not use a computer assisted ordination of the relevés (e.g., MULVA 5, a multivariate

statistic programme allowing the numerical exploration of community patterns) of the thicket

clumps and the surrounding savannas since the differential groups closely follow the given

geographical (study area) and/or ecological criteria (relief).

Important species ofthicket clump dynamics

Additionally, we analysed in depth in three out of seven recorded transects of typical thicket

clumps located on different landfoms (see Table 7) the vegetation structure and the floristic

composition. This approach should allow getting a better assessment of the spatial variation

(horizontal and vertical structure) along a gradient in general and of the ecotone (Mühlenberg

1993) in particular. Two methods were used (see Fig. 14):
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Om 1m 2m 3m

Savanna formation

Ground-plan

Savanna formation
B

Longitudinal section

Savanna formation Thicket clump Savanna formation

Fig. 14. Belt transect and line-intercept methods

A) A belt-transect of 2 m width and 25 to 55 m of length (according to the size of the thicket

clump) was outlined through the thicket clump including each side the adjacent savanna

formation. Within the belt-transect squares of 1 x 2 m were surveyed recording the cover-

abundance values of all species5 separately for each layer (Braun-Blanquet 1932). The cover

of each layer was estimated6. Furthermore, number, height and type of regeneration (seeds,

sprouts, suckers) of the woody plants were recorded separately for each layer. Within a

thicket clump only every second square was assessed in this way. Only the woody plants of

the shrub and tree layer as well as the cover of each layer were assessed within the skipped

square using the described method.

B) Canfield (1941) developed the line-intercept method for measuring cover. Later on this method

has also been applied for counting individual plants (Buell & Caution 1950). A modified line-

intercept method was used along one side of the belt-transect defined under A. Permanent

5
The species were recorded for that square where it takes root.

6
We define the cover as the sum of the vertical vegetation projection of the analysed layer. For the shrub

and tree layer the cover was estimated assuming that all woody plants were in leaf.
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points at fixed intervals (20 cm) were lined out along the one dimension transect and for each

point the nearest plant (rooting point) was recorded; furthermore, vertically above each point,

height of existing covers ofwoody plants ofthe shrub and tree layer were recorded.

The data of the individual squares of the belt-transect have been put together in several pools

according to their spatial location. Within the pools the species are ranked according to their

weighted mean cover degree value (considering constancy). Four pools have been identified:

a) the core part ofthe thicket clump
b) the ecotone part facing the thicket clump

c) the ecotone part facing the savanna

d) the distant savanna (distance from the ecotone 5-10 m)

The results of the modified line-intercept methods have been also drawn in profile diagrams.
Both methods should allow to better understand the spatial distribution of species which is an

important parameter in vegetation dynamics. Moreover, nucleus trees and shrubs which

facilitate either the genesis of thicket clumps (pioneer species) or the subsequent growing

process or both have been defined.

Additionally, a tentative list of termitaria species is given. Finally, the main characteristics of

important thicket clump and savanna species are regrouped in an overview table. The spatial
distribution ofthicket clumps has also been assessed in relation to large termitaria (see 4.3.5).

4.2.2 The Miombo woodland

The vegetation of the Miombo woodland has been shortly analysed using the floristic

composition and the life form spectrum of five relevés of different topography from Lusahunga.

4.2.3 Encroached savannas

Bush encroachment with Acacia hockii has been shortly analysed using the floristic composition
and the life form spectrum of six relevés from Karama and one relevé from Lake Mburo

National Park. These data have been compared with those from thicket clumps and savannas.

In general, our analytical vegetation data were usually compared with existing, relevant vegetation

surveys ofEast Africa.

43 Main determinants

4.3.1 Climate

Each study area has been characterised by its mean annual rainfall and temperature using existing
data from the nearest meteorological station. The climate diagrams according to Gaussen have been

elaborated for each study area. For getting a more precise information about the climate, the

following parameters have been recorded during one year for Burigi and Ibanda respecting

international standard methods:

Rainfall was measured with the Hellmann apparatus and daytime and duration were recorded;

Daily recording ofmin/max temperature;
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Continuous recording of temperature and relative humidity (Lambrecht thermo-hygrograph,

type 252 Ua);
The évapotranspiration was measured inside (standard method) and outside the weather-box

using a Piche evaporimeter. According to ACCT (1990) the values obtained inside the weather-

box by the Piche evaporimeter are close to the potential évapotranspiration. In the tropics, the

actual évapotranspiration increasingly differs from the potential évapotranspiration with

increasing length ofthe dry period (water saturation deficit).

The annual variability of rainfall was determined for four sites whereby the monthly variability of

rainfall was assessed for one station. The variability was characterised using the coefficient of

variation defined as standard deviation expressed as a % of the mean (Norton - Griffiths et al.

1975). Spatial variation of rainfall was assessed by comparing daily rainfall data for one month of

two approximate meteorological stations.

4.3.2 Soil

4.3.2.1 Soil properties ofthicket clumps and their surrounding savannas

According to Young (1976) we divided the properties held by the horizons of a soil profile into

morphological and analytical properties, the former described in the field and the latter requiring

laboratory analysis. Horizon boundaries are determined during field description, and analytical data

relate to samples taken from horizons.

4.3.2.1.1 Morphological properties

Soil profiles were done at all studied vegetation sites. Number of soil profiles per site and the

number ofsamples are listed in Table 9. Soil samples from thicket clumps on plain and gentle slope

are taken as far away as possible from the termite mounds (which are present in all thicket clumps).

However, it was not possible to avoid any impact of the termite mounds on the soil samples
because ofthe small sized thicket clumps.

It is clear from the work of Kellman (1979), Belsky & Amundson (1992), Belsky et al. (1993) and

Scholes & Walker (1993), for example, that the upper soil beneath savanna trees has generally

higher organic matter and nutrient content, higher water-infiltration rates, lower bulk densities, and

greater water-holding capacities than soils in open communities. Therefore our savanna soil

samples were taken in open parts ofthe savanna.
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Table 9. Location and number of soil profiles and samples

"^v. Site

Study area ^\

Plain Gentle slope Hillside

N° profiles
Th. cL Savanna

N° samples
Th. oL Savanna

N° profiles
Th. cL Savanna

N° samples
Th. cL Savanna

N° profiles
Th. cl. Savanna

N° samples
Th. cL Savanna

Kikulula

Lake Mburo NP

Karama

Kimisi

8 14

3

16 34

5

6 6

12 13

13 12

25 23

11 8

8 9

24 19

19 15

For comparative reasons:

Miombo woodland

Encroached savanna

5 profiles and 14 samples at Lusahunga
6 profiles (12 samples) Karama smooth rounded hilltop, 1 profile (3 samples) Lake

Mburo National Park

Profiles were dug with hoe and shovel all the way to the C-horizon in skelet-poor soils and in

skelet-rich soils, as fer as possible. Soil profiles were described following the short protocol ofthe

WSL (Eidgenössische Forschungsanstalt fur Wald, Schnee und Landschaß). The colour was

determined according to the Munsell soil color charts. Each profile was photographed.

We collected mixed probes from each well-defined horizon, taking soil with a spoon from the

middle of each horizon at three walls ofthe hole. Soil samples were air-dried to a constant weight,
sieved (2 mm sieve) and sample aliquots of 150 g were taken for laboratory analysis.

Bulk density was measured using the "Stechzylindermethodé''' (Anon. 1996). The method consists

of pressing a measuring cylinder (11 volume) in the soil. The sample was subsequently air-dried to

weight constancy and the bulk density was determined (g/cm3). In skelet-rich soils (Leptosols) the

bulk density could not be determined since this method is not feasible. Additionally, the bulk

density was also measured by pressing a calibrated knife manually in a soil horizon and recording
the penetration depth. In the field texture was determined by finger texturing.

The soil types were defined according to the FAO - system (FAO/UNESCO/ISRIC 1988). For

comparative reasons also the US -taxonomy is given (Soil Survey Staff 1975).

43.2.1.2 Analytical properties

The laboratory analyses were done at the Institute for Terrestrial Ecology and the Geobotanical

Institute (Swiss Federal Institute of Technology, Zurich). Fortune reasons numerous soil samples
could not yet be analysed for this work. First priority was given to Kikulula plain and hillside and

Lake Mburo National Park on gentle slope. The number of chemical and physical analyses are

listed in Table 10.
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Table 10. Number of chemical and physical analyses

\s. Site

Study area ^\

Plain Gentle slope Hillside

Chem. anal.

Th. cL Savanna

Physic.anal.
Th. cl. Savanna

Chem. anal.

Th. cL Savanna

Physic.anal.
Th. cl. Savanna

Chem. anal.

Th. cL Savanna

Physic.anal.
Th. cL Savanna

Kikulula

Lake Mburo NP

Karama

16 34 15/3 31/9

13 12 7/6 12/6

24/13 15/12

6 9 2/12 1/14

9/5 11/4

For comparative reasons:

Miombo woodland

Encroached savanna

14 chem. analyses; 8/10 physical analyses
13/14 phys. analyses Karama smooth rounded hilltop, 2/3 phys. analyses in Lake

Mburo National Park

Note: Physical analysis: 1"figure bulk density, T*'figure texture

The analysed soil parameters were selected according their general importance for defining the soil

type and their significance in relation to the vegetation cover. The important parameters field

capacity and wilting point were not determined lacking the required apparatus (tensiometer) and the

infrastructure.

As the soil profiles ofthicket clumps and savannas were very similar, we took only one sample per
horizon. Ideally, it would be necessary to extract and analyse all samples three times. For time

reasons such was not possible. The samples from the Miombo woodland were twice extracted and

analysed, in order to test the reliability ofthe analytical protocol (control).

Chemical parameters

The chemical parameters have been determined following as far as possible the methods given in

"Schweizerische Referenzmethoden der Eidgenössischen landwirtschaftlichen Forschungsanstalten

(Anon. 1996). For simplicity the cations are often symbolised by Na, K, Mg etc.

pH-measurements

One part of soil is incubated over night with:

a) 2.5 parts ofH20 (bidestilled) and

b) 2.5 parts of 0.01 M CaCl2.

The pH was determined using the pH-meterWTWpH 90.

Cations determination (Na+, K*, Mg2+, Ca2", At, Fe2+/3+)

The soil is extracted with NFL-acetate and ethylene diamine tetra acetic acid (EDTA) at pH

4.65. The soil suspension is shaken and filtered. The cations are subsequently determined by

atomic absorption spectrography (Varian, Spectr AA-400).

Exchangeable FT

A soil suspension (20 g soil, 20 ml H20, bidestilled) was added to a buffer solution ofpH 8 (20 ml).

The shift in pH allows to calculatethe meq HVlOO g soil.
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Orthophosphate measurements

The soil was extracted with NHU-acetate and EDTA at pH 4.65 and measured colorimetrically

using a photospectrometer (Tecator). Ammoniummolybdate interacts with orthophosphate yielding
a blue colour complex measured at X= 690 nm.

Total carbon and nitrogen measurements

The analysis was done with a fully automatic CN-Analyser (LECO, CNS-2000). Additionally,

organic matter (main sources of carbon and nitrogen) was calculated from weight differences of

soil sampling before and after oxidation with H202 (by-product of pipette method for particle-size

determination).

Physical parameters

Texture

The particle size was analysed using the pipette method (modified from Anon. 1996).

The fine earth fraction (< 2mm) is usually (FAO/UNESCO/ISRIC 1988) divided in three

classes:

< 2 pm: clay fraction (fine textured)

2-50 pm: silt fraction (medium textured)

0.05 - 2 mm: sand fraction (coarse textured)

The textural classes were defined using the textural triangle from the US - taxonomy (Soil Survey
Staff 1975).

4.3.2.13 Statistical analysis

The average values of thicket clump and savanna topsoils and subsoils are presented for plain,

gentle slope and stony hillside in 3-dimensional graphs. Topsoil values correspond to the sample
of the A-horizon or the sample taken at 15 - 20 cm depth (if no clear horizon boundary).
Subsoil values correspond to the average value of B- and C-horizon or to the sample taken at

around 50 cm depth (if no clear horizon boundaries). The average values are characterised by
their standard error (SE):

SE = s/Vn
s = standard deviation

n = number of soil samples

The data were analysed using a two-way analysis of variance (ANOVA) with interactions (between

vegetation type and relief), stratified by top- and subsoil. Ifnormality of residuals was not given for

a parameter (p ^ 0.05), ANOVA used the logarithmic distribution. Texture was not included in the

two-way analysis of variance since the analysed samples do not systematically stem from the same

sites as the other parameters.

Dr. D. Mandallaz proposed the appropriate statistical methods and helped to interpret the results.



Methods 52

43.2.2 Miombo woodland

In order to compare the soils ofthe Miombo woodland with the soils of thicket clumps and their

surrounding savannas ofthe Kagera Region, we analysed the soil of the five studied vegetation
sites ofthe Miombo (see Table 9 and 10).

4.3.23 Encroached savannas

The physical properties of the encroached savannas in Karama and Lake Mburo National Park

(see Table 9 and 10) have been assessed and compared with those from the thicket clumps and

their surrounding grass savannas on gentle slope in Lake Mburo National Park.

In general, our analytical soil data were compared as far as possible with existing, relevant soil data

from East Africa. However, direct comparisons are often not possible: soil types, horizons (or depth
of sampling), vegetation types and analytical methods are either not known and/or their

classification / methodology differs from ours. However, organic matter, C- and N-values, whether

determined by ignition or H202 oxidation, are comparable within limits.

433 Fire

The actual and former fire regimes were assessed based on a literature review and own

observations and considering natural and anthropogenic fires.

Temperatures of early and late dry season fires were measured twice each time within the savanna

(four meters form the edge) at the edge and within the mature thicket clumps (1.5 m from the edge)
for one site on plain and one on hillside at Kikulula, and two sites from hilltop from Karama (only
late burning). Temperatures were measured on the ground and at different levels from the ground

(10, 50,100,150 cm). Fire temperatures for the thicket clump on hillside were assessed at the lower

part of the thicket clump. The results were compared with fire temperatures from Burigi (tree

savanna on plain and shmb savanna on hillside) and with a grass savanna from the West coast of

Madagascar (Bloesch 1999).

Fire temperatures were measured using thermo-sensitive paints whose colours change when

they are subject to certain specific temperatures. We used ten different crayons (Thermax)

covering the range of temperatures between 120 and 600 °C and liquid paint (C3A,

Thermographic Measurements Ltd) covering a range of temperatures between 330 and 870 °C.

If one colour changed only partially we averaged the lower and the upper temperature value of

the respective thermo-sensitive paint.

The impact of fire on the natural regeneration ofwoody plants has been assessed along the edge

of two regularly-fired thicket clumps and two fire-protected thicket clumps. Therefore height,
number and type of regeneration (seeds, coppice shoots and suckers) ofall woody plants have been

recorded within a narrow band of 1 m width. The overall length ofthe band was 215 m.

The statement that fire does not enter thickets was studied a) by searching for fire traces inside

the thicket (scorched bark, charcoal rests...) and b) by trying to ignite the edge by adding
additional fuel.

The bark thickness in relation to the diameter ofthe stem (at 0.5 m height) of46 Acacia hockii, as a

typical savanna tree, was compared with the bark thickness of typical trees of thicket clumps (16

Albizia petersiana, 11 Drypetes gerrardii, 11 Haplocoelum gallaense, 7 Canthium sp.). The bark
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thickness is an average of three values obtained by measuring the thickness at the shortest,

middle, and longest radial distance from the tree centre. The diameter ofthe stem was defined as

average from the longest and shortest diameter.

4.3.4 Mammalian herbivory

A rapid inventory of the current and recent mammalian populations (adult body weight higher
than 12 kg) was realised during field observations in 1999/2000 and by considering oral reports.
The feeding and habitat preferences ofthese mammals within the study areas Kikulula, Karama,

Lake Mburo National Park and Burigi were recorded. Moreover, in collaboration with the cattle

keeper, the palatabihty of the main grasses for cattle was assessed. The impact of grazers and

browsers was assessed by field observations and by consulting the extensive literature.

43.5 Termites

Mound building termites occurring within the main study areas and the Miombo woodland have

been collected for identification. J. Darlington, University of Cambridge, helped to identify the

termite species. The soldiers and in particular their strong sclerotized head shields are an

important feature for their identification. The feeding behaviour and preferences have been

assessed. The mound characteristics (population, structure, height, diameter) have been described

and their association with the vegetation studied.

The spatial pattern of plants and animals is an important characteristic of ecological
communities. This is usually one of the first observations we make in viewing any community
and is one ofthe most fundamental properties of any group of living organisms (Connell 1963).

Three basic types of patterns are recognised in communities: random, clumped, and uniform

(Ludwig & Reynolds 1988). Random patterns in a population of organisms imply
environmental homogeneity and/or nonselective behavioural pattems. On the other hand,

nonrandom patterns (clumped and uniform) imply that some constraints on the population exist.

Clumping suggests that individuals are aggregated in more favourable parts of the habitat; this

may be due to gregarious behaviour, environmental heterogeneity, reproductive mode, and so

on. Uniform dispersions result from negative interactions between individuals, such as

competition, for food or space. Uniform patterns are relatively rare in ecological communities. It

should be kept in mind that nature is multifactorial; many interacting processes (biotic and

abiotic) may contribute to the existence ofpatterns (Quinn & Dunham 1983).

The dispersion pattern of Macrotermes mounds including both, bare and vegetated mounds,

have been mapped in two plains at Kikulula and Lake Mburo National Park. A differential

Global Positioning System (GPS) necessary for precisely locating the thicket clumps was not

available. Therefore we used the conventional method by recording distance and azimuth with

measure tape and compass for locating the relative position ofthe mounds.

The dispersion pattern of Trinervitermes mounds at Kikulula has been analysed on three

hillsides using photographs (see example Fig. 15 A). The photographs have been transformed

into orthophotographs (see Fig. 15 B). A grid has been put on the maps (Macrotermes and

Trinervitermes) and subsequently the number of the thicket clumps per grid unit (sample unit)

was recorded (see Fig. 15 C).

See nextpage:

Fig. 15 A. Trinervitermes mounds on a hillside in Kikulula

B. Orthophotograph from photograph A with grid
C. Grid showing number ofthicket mounds per sampling unit
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The relationships between the mean and variance of number of termite mounds per sampling
unit are influenced by the underlying dispersion pattem. The three basic types of patterns and

their variance-to-mean relationships, where s2 = variance and x represents the mean are defined

as follows (Ludwig & Reynolds 1988):

1. Random pattern: s2 = x

2. Clumped pattem: s2 > x

3. Uniform pattem: s2 < x

Furthermore, the dispersion pattern has been verified using Green's index (Ludwig & Reynolds
1988):

(s2/x) -1
GI=

n-1

s2 = variance

x = mean number oftermite mounds per sampling unit (SU)
n = total number oftermite mounds in sample

Green's index can be used to compare samples that vary in the total number of individuals, their

sample means, and the number of sampling units in the sample. However, it is important to

notice that Green's index is based on the observed relative frequency distributions of species
abundance data across the natural sampling units and not of arbitrary units as in our case. We

are fully aware that the detection of pattern in continuous habitats will depend on the scale of

the pattern relative to the size of the sampling unit. On the other hand, also the size of natural

sampling units determine the pattern which will be detected using Green's index, however, no

variability is possible due to the given size ofthe sampling units.

Moreover, the number of large termite mounds per ha (within and outside of thicket clumps)
have been assessed.

4.4 Final discussion

4.4.1 Dynamics

For getting a better understanding of the complex vegetation dynamics on hillside a model was

developed with Stella (version 5.1.1., High Performance Systems, Inc.). This software is designed
for modelling dynamical systems described by non-linear differential equations. The model was

developed in collaboration with Dr. F. Gillet from the Botanical Institute of the University of

Neuchâtel.

For the elaboration of the model we followed essentially the procedure suggested by Thomley
(1998):

1) Define the state variables, x; and give the units ofthe x;.

2) Build a qualitative diagram of the system, including components (state variables, flows,

auxiliary variables and parameters) and relationships.
3) For each state variable write down a differential equation using Euler's method, in the form

dx/dt = inputs - outputs, and give the starting or initial value of each x; at time t = 0; for our

case we defined dt = 1 (discrete model).
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4) For each input or output, give an expression saying how that input or output is calculated from
the current value of the state variables, with any modifying factors (e.g., temperature),
environmental quantities, and give values for all required parameters and constants, with units.

4.4.2 Origin

We analysed the floristic similarity between our relevés from the Kagera savanna landscape and
the nearest moist montane forests and the Miombo woodland, respectively. Therefore we

identified species from our relevés, which do also occur in these vegetation types.

For the comparison with the moist montane forest we almost exclusively used the flora of

Troupin (1978, 1983, 1985, 1988) and Bloesch & Troupin (2002) including systematically
information about the geographical distribution ofthe species.

For the comparison with the Miombo woodland in northwestem Tanzania we just considered

the five relevés from Lusahunga. In addition to the floristic composition, we compared also the

life form spectrum ofthe Miombo with that ofthe Kagera savannas.



Vegetation results 57

5. Results of the vegetation analysis

A detailed vegetation description is a prerequisite in view of analysing the impact of the main

factors on the vegetation dynamics. Therefore the results of the vegetation studies are presented
first followed by the analysis ofthe main determinants.

The analysis of the survey from the study areas is presented in chapter 5.1, while the Miombo

woodland and the encroached savannas are described in chapter 5.2 and 5.3, respectively. In

general the results concerning the key subjects of these studies will be discussed in chapter 7,
but interesting corollary data will be discussed already in this chapter.

5.1 Structure and floristic composition ofthicket clumps and their surrounding savannas

5.1.1 Determination of the minimal area

Before starting with the vegetation relevés according to Braun-Blanquet (1932) the minimal

area has been calculated previously for different plant communities in Ibanda and Burigi (see

appendix A). As an example the calculation of the minimal area of a grass savanna is given in

Fig. 16. The plant species were recorded in squares of 1.5 x 1.5 m lined up in a row.

Unidentified species are characterised by a number or by a name in quotation marks. The

species number was then plotted over size of sample area. This results in a species/area curve.

The minimal area is the sample area where the initially steeply increasing curve gets almost

horizontal (Mueller-Dombois & Ellenberg 1974). This is not an exact definition. Therefore Cain

(1938) suggested to use that point on the species/area curve where a 10% increase of the total

sample area yields only 10% more species (ofthe total number recorded). However, Cain's method

is not an absolute guide, because it can be applied to any shape of curve, whether levelling off or

not. Yet, only curves that level off can be used for determining minimal areas (Mueller-Dombois &

Ellenberg 1974). Furthermore, Mueller-Dombois & Ellenberg (1974) strongly suggest to use a plot
size larger than the minimal area obtained by Cain's criterion. For our purpose we define the

minimal area as the sample plot containing at least 95% ofthe maximum number ofspecies.
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Author: Urs Bloesch Location: Burigi Survey: 1 Date: 5.3.1995

Elevation: 1210 m a.s.l. Landform: slope Aspect: 90° Slope: 45% Co-ordinates: 2'00'S/3ri1'E

Soil: Leptosol Petrography: shale (lateritic); 2 % rocks on surface (shale)

Tree layer
Height: - Cover: -

Shrub layer
Height: - 3 m Cover: 5%

Herb layer
Height: - 0.4(0.6)m Cover: 60%

Remarks: shrub layer with Acacia Senegal, Dichrostachys cinerea, Lannea humilis, Asparagus falcatus, Ormocarpum
trichocarpum, Commiphora madagascariensis

Community: Grass savanna Square size: 1.5x1.5 m Square number: 11 Minimal area: 17 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area(nr*)

1 Cassia mimosoides

Heteropogon contortus

Microchloa kunthii

Sporobolus pyramidalis
Sporobolus stapfjanus
Tragus berteronianus

1 7 7 2.3

2 Ormocarpum trichocarpum 1 8 4.5

3 Asclepiadaceae

Indigofera circinella

2 3 11 6.8

4 Acacia hockii

Aristida adscensionis 2 13 9

5 Chloris gayana

Osyris lanceolata 2 15 11.3

6 Tephrosia sp.
"Veronica" 2 17 13.5

7 -
- 17 15.8

8 Eragrostis tenuifolia

3 2 19 18

9 -
- 19 20.3

10 -
- 19 22.5

11 -
- 19 24.8

Fig. 16. Calculation ofthe minimal area for a grass savanna. The minimal area for this grass

savanna is about 17 m2. In this area at least 95% ofthe maximum number ofplant species
occur.
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The calculated minimal area ofthe herb layer of different vegetation types is given in Table 4. The

minimal area depends on the floristic richness and the distribution pattem of the species of a plant
community (Knapp 1970). Shmb and tree savannas in the Kagera Region have a larger minimal

area than grasslands and grass savannas on one hand and savanna woodlands on the other hand (see
Fig. 17). Their tree-grass ratio is usually very variable on a small scale. Shmb and tree savannas are

not stable and fluctuate between open savannas and more closed formations. These arguments may
contribute to the higher minimal area of shrub and tree savannas. An exception is the uniform tree

savanna type with Acacia zanzibanca, which is more similar to the savanna woodland type.

Minimal area of different vegetation

-p types

100

80

60 -I

40

20

0

fe 11

GL GS SS TS TSZ WS

increasing woody cover —

LT

Fig. 17. Minimal area ofthe herbaceous layer of different vegetation types
GL: Grassland GS: Grass savanna (hillside)
SS: Shrub savanna (smooth slope) TS. Tree savanna

TSZ: Tree savanna type with Acacia zanzibarica WS: Savanna woodland

LT: Large thicket clump

For the relevés ofthe herb layer ofthe savanna formations we choose a uniform minimal area of

8 x 8 m what should be a) large enough for the studied open savannas surrounding the thicket

clumps and b) should allow comparisons between relevés (Knapp 1970). For the relevé of the

tree and shrub layer we usually considered an area of about 50 x 50 m and did not calculate the

minimal area because of a) the scarceness of the woody elements and b) the high variability in

the spatial distribution ofthe woody plants.

The calculation ofthe minimal area of the tree/shrub and herb layer of small thicket clumps was

not possible due to their small size. Therefore we considered the whole thicket clump for

recording the tree/shrub layer and for the herb layer we limited our relevé to the core part
(variable size) thereby excluding the ecotone.

See nextpages:

Table 11. Constancy table for thicket clumps

Table 12. Constancy table for savannas

Table 13. Example for a site survey including a thicket clump and a savanna relevé
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Table 13. Example for a site survey including a thicket clump and a savanna relevé

Author: Daniel Berner

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.HT Date: 4.8.1998

Elevation: 1410 m a.s.l Landform: steep slope Aspect: 50° Slope: 45%

Surface thicket clump: 320 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°28'27" S/31°13'54" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -9 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: <5% (3%)

Remarks: shrub and tree layer not separated Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Bndela scleroneura + Abphytis macrobotrys 1

Canttnum schimperanum 2 Cbusena anisata + Others

Canthium vulgare 1 Coffea eugenioides + Sanseviena parva 1

Canssa eduis 1 Drypetes gerrardii var tomentosa 1

Coffea eugeniodes 2 Euctea schimpen +

Dabergta nitidula 1 HapbcoeLm gabense 1

Drypetes gerrardii var tomentosa 2 Tectea nobifs 1

Garama buchananii 1 183 +

Hapbcoelum gateense 2(3)

Octina hobt» 1 Lianas

Otea europea var afncana 1(2) Ancybbotrys amoena +

Pittosporum spattucalyx 1 Blephanspermum pubescens 1

Rhynchosia reanosa 1 Jasminum fliminense +

Rhynchosia sp 1 Jasminum schimpen 1

Rytigyniasp +

Secunnega virosa 1

Tecèa nobis 1

193 1

Lianas

Abrus oanescens +

Ancybbotrys amoena 2

Blephanspermum pubescens

Cappans erthrocarpos

Jasminum fLminense

Jasminum schimpen

Rhotossus revaii

Strychnos Leers

Others

Seneao maranguensis 1
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Author: Daniel Berner

ci Urs Bloesch
Location: Kikulula Survey: 4 Ki.HS Date: 23.7.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 50° Slope: 45%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'27" S/31°13'54M E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -6(8) m Cover: 25%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.2m Cover: 96%

Remarks: shrub layer included in tree layer; shrub/tree layer 50 x 80 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Combretum colnum 2

Combretum mole 2

Dabergia nrtidula 1

Ozoroa reticulata 1

Protea madiensis 1

Rhus natabnsis 1

Terminaia mois 2

110 1

Woody plants

Indigpfera garckeana +

Pannan curateffoia +

Rhynchosia resinosa +

81 +

Others

Aspifa pbnseta 1

Enosema shirense 1

Rhynchosia toffa +

Vemonia purpurea +

82 1

84 +

Graminae

Hypanhenia newtoni 1(2)

Loudetia simplex 5

83 1
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5.1.2 Species diversity of thicket clumps and savannas

The thicket clump and savanna relevés (Braun-Blanquet 1932) are presented in two separate
constancy tables (Table 11 and 12) since the two vegetation types have only a low degree of

similarity (see below). The 32 thicket clump and 40 savanna relevés enclose respectively 183

and 192 species in total. An example of a thicket clump relevé and its corresponding savanna

relevé is given in Table 13 (all relevés are included in appendix B and C).

The alpha-diversity of thicket clumps with a mean species number of 29 (s7 = 6.96) is

considerably higher than that of savannas with a mean species number of 19 (s = 6.15). It is

interesting to note, that the highest mean species number were found in thicket clumps on plain
and stony hillside in Kikulula; the respective numbers are 35 and 36 species. The low mean

species number of savannas relative to the high standard deviation is indicative for an alpha-
diversity, which is rather heterogeneous. On the other hand, thicket clumps have a more

homogeneous alpha-diversity. Lenzi-Grillini et al. (1996), however, recorded for thicket clumps of

similar sizes in the Queen Elizabeth National Park of Uganda a considerably lower mean species
number with 18 species.

Thicket clumps and their surrounding savanna formations are very distinct vegetation types. The

two plant communities are separated by a sharp ecotone (steep gradient, see also Backéus 1992)
which is illustrated in Fig. 18 (see also Fig. 3). This is in contrast to the usually large continua

between savanna formations.

See nextpage:

Fig. 18. Karama hilltop: sharp boundary between thicket clump and surrounding savanna

A: outside thicket clump B: Inside thicket clump

Kikulula stony hillside: sharp boundary between thicket clump and surrounding savanna

C: Outside thicket clump D: Inside thicket clump

s = standard deviation
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The beta-diversity has been assessed between all thicket clumps and savanna formations. A total

of 183 species exist in 32 thicket clumps relevés and 192 species occur in 40 savanna relevés,

whereby 52 are common to both vegetation types. Jaccard's index is 16 %, which is a quite high

beta-diversity.

However, this comparison considers all species including many of low constancy in either ofthe

two vegetation types what may falsify the result. Relatively numerous savanna species occur

more accidentally in the shrub and tree layer of the ecotone of thicket clumps (enclosed trees

and shrubs, see below). On the other hand, numerous forest species appear relatively frequent as

seedling within the savanna formation, however, they do usually not survive the seedling stage.

Ifwe consider only species of certain constancy in both vegetation types, the floristic difference

is more obvious. Considering e.g. only species with an absolute constancy of at least four in

both vegetation types, the index of Jaccard is only 10 %. This category includes twelve species

(see Table 14). Rhus natalensis, however, is the only species with a high constancy in both

vegetation types (although rather rare in the core part of mature thicket clumps).

Table 14. Common species of thicket clumps and savanna formations (absolute constancy

at least 4 in both vegetation types)

Species Absolute constancy in

thicket clumps

Absolute constancy in

savanna formations

Rhus natalensis 28 29

Grewia trichocarpa

Asystasia gangetica

Pappea capensis

Euphorbia candelabrum

Fuerstia africana

27

18

13

12

11

6

9

5

5

5

Abrus canescens 6 4

Combretum molle 6 7

Maytenus heterophylla

Rhynchosia resinosa

Dalbergia nitidula

KK-Liane

6

6

5

5

6

8

6

5

Rhus natalensis occurs in all study areas and landforms with the exception of savannas on stony

hillside in Karama. Most probablythe absence ofRhus natalensis in this densely populated area

is caused by cutting. Rhus natalensis certainly plays a key role as pioneer shrub in the genesis of

thicket clumps (see 5.1.4.3.2). Grewia trichocarpa is atypical tree ofthicket clumps with a high

constancy but occurs only in savanna formations in Kikulula with a low cover-abundance value.

All other common species have lower constancy values and a geographically and/or

topographically limited distribution:

Combretum molle and Dalbergia nitidula are frequent in both vegetation types on stony

hillsides. However, their distribution in thicket clumps is limited to the outer domain of the

ecotone. We never found Combretum molle or Dalbergia nitidula within the core part of a

thicket clump and consequently we consider them not as typical trees of thicket clumps. These

savanna trees became either loosely enclosed by a growing thicket clump or regenerated in the

boundary line of a thicket clump where the grass competition is reduced. When completely

enclosed these heliphilous trees will die, since they cannot live in close tree stands. Quite often

we found also other savanna trees within the ecotone of thicket clumps on hillside as e.g.,
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Combretum collinum, Parinari curatellifolia. Enclosed savanna trees are an important indicator

of spatial dynamics ofthicket clumps on hillside.

Pappea capensis occurs in thicket clumps at different topographic sites but within savanna

formations Pappea capensis exists only on stony hillside. Euphorbia candelabrum is a typical

tree in plains (termite savanna) and on smooth slopes but occurs outside thicket clumps with a

low cover-abundance value only in Kikulula. Maytenus heterophylla occurs almost exclusively

in Lake Mburo National Park on gentle slope where it may play a crucial role in thicket clump

dynamics.

Rhynchosia resinosa is highly constant in the ecotone of thicket clumps and the surrounding

savanna formations on stony hillside in Kikulula. Asystasia gangetica and Fuerstia africana,

two hemi-sciaphilous forbs, are more frequent in thicket clumps than in savannas. Asystasia

gangetica takes sometimes a creeping life form. The unidentified liana ("KK-liane") is highly

constant and of relatively high cover-abundance value in thicket clumps in Karama on smooth

rounded hilltop, and it occurs sporadically in different savanna formations. The other liana,

Abrus canescens, predominately occurs in Kikulula in both vegetation types.

Some of these common species may play an important role in the dynamics of the vegetation

mosaic of thicket clumps and savanna formations and will be further discussed in chapter

5.1.4.3.

5.1.3 Plant life forms

Firstly, we present in Table 15 life form spectra of several savannas according to the Raunkiaer

system.

Table 15 includes savannas with a variable woody element therefore having also different life

form spectra. The life form spectra given for East Congo (Lebrun 1955) and the Akagera

National Park (Troupin 1966) have a considerably higher proportion of phanerophytes and

chamaephytes since these authors also considered thicket clumps, small semi-deciduous forests

and gallery forests as part ofthe savanna landscape. In the more open savannas described by the

other authors, hemicryptophytes are mostly the dominant group. To this group belong the

perennial grasses, which contribute mainly to the structure and primary production of the

ecosystems thereby controlling the probability and frequency of fires. Chamaephytes and

therophytes are typically well presented in savannas with a pronounced dry season (Lebrun

1947). The life form spectra given by Troupin (1966) for the Akagera National Park may be

considered as typical for the Kagera savanna landscape.

The variable proportion of each life form group amongst the different savannas may partially

also be due to different interpretation of the classification criteria by the authors. Many species

are difficult to assign to a given life form, i.e., they may behave as phanerophytes under one set

of environmental conditions, but behave as hemicryptophytes under other conditions. In fact,

there exists species, which transiently belong to three or four life forms during their

development. In Raunkiaer's system life forms are specified primarily according to the position

ofbuds during the unfavourable season, assuming that the low winter temperature is the growth

limiting factor. Obviously, in tropical lowlands, this critérium does not come into play, the

environmental limiting factors being especially extended drought, periodic burnings and

waterlogging (Sarmiento & Monasterio 1983).
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Table 15. Life form spectra for several savannas, according to the Raunkiaer system

Locality Phanero¬

phytes
(%)

Chamae¬

phytes
(%)

Hernicrypto-
phytes
(%)

Geo¬

phytes
(%)

Thero¬

phytes
(%)

Reference

Nigeria;
Olokemeji savanna site 31 0 23 21 25

Hopkins (1962)
(from Sarmiento & Monasterio

1983)

Ivory Coast, Lamto;

mean of8 savannas 9 1 62 9 19

César (1971)
(from Sarmiento & Monasterio

1983)

Southwest Madagascar,
mean of 11 savannas 21 18 26 3 32

Morat(1973)
(from Sarmiento & Monasterio

1983)

Northern Surinam;
total savanna flora 8 3 38 28 23

Van Donselaar-Ten Bokkel

Huinink(1966)
(from Sarmiento & Monasterio

1983)

Central Venezuelan

Llanos; savanna flora of

Calabozo

28 7 31 5 29

Aristeguieta (1966)
(from Sarmiento & Monasterio

1983)

Western Venezuelan

Llanos;
savannas ofBarinas

11 3 18 40 28

Sarmiento

(unpubl.)

Rwindi NP, East Congo;
total savanna flora 25 26 14 11 24

Lebrun (1955)

Ruzizi Plain, East

Congo;
total savanna flora

24 24 11 11 30 Lebrun (1955)

AkageraNP and

surroundings, Rwanda;
total savanna flora

30 31 12 7 20 Troupin (1966)

The life forms of all species of the studied thicket clumps and savannas of the Kagera Region,

using both the classification from Raunkiaer (1934) and Sarmiento & Monasterio (1983) are given

in Table 16. For comparative reasons we include in this table also the life form spectra ofthicket

clumps for the Rwindi National Park (nowadays Virunga National Park) in East Congo (Lebrun

1947), the Ruzizi plain in East Congo (Germain 1952), the Akagera National Park in Rwanda

(Lebrun 1955) andthe Bugesera area in southern Rwanda (Liben 1961).

The life form spectra from thicket clumps from the Kagera Region differ greatly from the spectra of

their surrounding savannas (see comments in detail below for the weighted life form spectra). The

spectrum of our studied thicket clumps is very similar with those from other authors from Central

and East Africa. The life form spectrum of thicket clumps shows a forest character. Woody plants

are dominating in all spectra from thicket clumps. The proportion of lianas is high in all those sites

where this life form has been determined. Typically, therophytes occur seldom in thicket clumps. It

is important to notice that succulents, characteristic for xeric formations, are well presented in

thicket clumps (see 6.3.3.2).
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Table 16. Total number of species per life form class and life form spectra in % for thicket

clumps and savannas in the Kagera Region according to Raunkiear (1934) and Sarmiento

and Monasterio (1983)

Vegetation type

Raunkiaer Sarmiento & Monasterio

Phan

(%)

Cham

(%)

Hemic

(%)

Geoph

(%)

Therop

(%)

lianas

(%)

Epiph

(%)

Pa

(%)

Pg

(%)

Annual

(%)

Savannas, Kagera

Region (Bloesch)

12/23*

6/13

32*

18

79*

43

4*

2

22*

12

11*

6

- 71*

39

90*

49

22*

12

Thicket clumps, Kagera

Region (Bloesch)

52/35«

32/21

20*

12

18*

11

4*

2

3*

2

31*

19

1*

1

129*

78

32*

20

3*

2

Thicket clumps, Rwindi

NP, East Congo,

(Lebrun 1947)

57 26 7 10 - ad. n.d. ad. ad. ad.

Thicket chimps, Ruzizi,

East Congo, (Germain

1952)

61 18 8 10 3 ad. ad. ad. ad. ad.

Thicket clumps,

Akagera NP, Rwanda

(Lebrun 1955)

53 13 2 3 3 26 ad. ad. ad. ad.

Thicket clumps,

Bugesera Rwanda,

(Liben 1961)

51 15 7 3 4 20 ad. n.d. ad. ad.

Note: - »Absolute figures
- Pa = Perennials with permanent aboveground structures

- Pg = Perennials with permanent underground structures

- 1st figure phanerophyte: evergreen plants; 2nd figure phanerophyte: deciduous plants

- ad. = not determined

- The life form ofa few plants ofthe constancy table could not be defined.

The weighted life form spectra for thicket clumps and savannas ofthe Kagera Region are given in

Fig. 19. The differences ofthe weighted life form spectra ofthicket clumps and the surrounding

savannas from the Kagera Region using the Raunkiaer's system is obvious:

Phanerophytes dominate in thicket clumps (about 60 %) with a high proportion of evergreen

trees and shrubs. On the other hand, phanerophytes in savannas are less abundant (about 20 %)

whereby deciduous trees and shrubs prevail.

Chamaephytes (including the subshrubby or suffrutescent species) have a similar proportion in

thicket clumps and savannas with about 10 %, respectively 15 %.

Hemicryptophytes largely dominate in the savannas (about 45 %); this life form is represented

to less than 10 % in the thicket clumps.

Only four geophytes (monocotyledones), or only about 1 %, occur in both, the thicket clumps

and the savannas.

The proportion oftherophytes in the savannas is not very important (about 15%) what is typical

for mesic to moist savannas. In arid savannas their proportion is increased. On the other hand,

only three therophytes occur in the thicket clumps.

Lianas are an important element ofthicket clump structure (about 20 %) but not in savannas

(about 3 %).

Only one epiphyte occurs in the thicket clumps; none is present in the savannas.
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Life form spectrum of thicket clumps

weighted (Raunkiaer 1934)
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H

Fig. 19 A. Life form spectra for thicket clumps and savannas ofthe Kagera Region according to

Raunkiear (1934) weighted with the species constancy (different scale!)

Pe = Evergreen plants
Pd = Deciduous plants
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Life form spectrum of thicket clumps

weighted (Sarmiento & Monasterio

1983)
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Life form spectrum of savannas

weighted (Sarmiento & Monasterio

1983)
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Fig. 19 B. Life form spectra for thicket clumps and savannas ofthe Kagera Region according to

Sarmiento and Monasterio (1983) weighted with the species constancy (different scale!)

A = Annual plants
Pa = Perennials with permanent aboveground structures

Pg = Perennials with permanent underground structures

Applying the life form system ofSarmiento and Monasterio the differences between thicket clumps

and savannas is even more obvious:

Species with permanent aboveground structures largely dominate in thicket clumps (about 90

%). Savannas have a more even spectrum whereby perennial plants with underground

structures are most important.

The analysis of the plant life form spectra of thicket clumps and savannas further illustrate the

differences between these two communities as already shown by their distinct beta-diversity.

The life form spectrum ofjuvenile and mature thicket clumps will be further analysed in chapter

5.1.4.3.2.
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5.1.4 Characteristic species of thicket clumps and savannas

In this chapter species playing an important role in the plant sociology of thicket clumps and

savannas are further analysed. We considered as characteristic species those fulfilling at least

one ofthe following criteria:

Constant (important constancy value)

Differential properties
Dynamics properties in thicket clumps

We made a summary table containing the most important species (see Table 18 and 19).

Furthermore, essential properties of characteristic species are summarised in Table 23.

The vegetation types ofthe Kagera savannas and the surrounding areas are poorly described and no

generally accepted hierarchical vegetation system exists. A classification of our described

communitytypes and the definition of character species is therefore not possible (Mueller-Dombois

& Ellenberg 1974).

5.1.4.1 Constant species of thicket clumps and savannas

For our purpose we defined as constant those species having an important constancy value, i.e.,

belonging to the constancy classes III - V (Mueller-Dombois & Ellenberg 1974). The constant

species of thicket clumps and savannas are listed in Table 17. The species are sorted according

to their constancy value (see Table 11 and 12).

The floristic composition of thicket clumps is quite uniform with 24 constant species and

relatively independent from the study area and the topography despite the rather heterogeneous

stratification ofthe woody layer ofthicket clumps (Germain 1952). The constant species group

includes 17 woody plants, four lianas (Jasminum schimperi, Cissus quadrangularis, Capparis

erythrocarpos, Asparagus falcatus) and two forbs (Asystasia gangetica, Achyranthes aspera)

and one grass (Setaria kagerensis). With the exception of the ubiquist Rhus natalensis, the

typical thicket clump species are forest species (Knapp 1973), which are rather sciaphilous (at

least in their youth) this in contrast to the mainly heliophilous savanna species.

On the other hand, few savanna species have an important constancy value as the floristic

composition of savannas varies considerably mainly depending on the landform. Only five

species are constant within savannas, namely one woody plant (Rhus natalensis, the only

constant species in both vegetation types, see also 5.1.2), two grasses (Loudetia simplex,

Sporoboluspyramidalis) and two forbs (Vernonia schweinfurihii, Spermacoce pusilla).
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Table 17. Constant species of thicket clumps and savannas

V. High constancy IV. Mod. high constancy EI. Intermediate constancy

Thicket clumps

Rhus natalensis Cissus quadrangularis Asystasia gangetica
Grewia trichocarpa Euclea schimperi Canthium lactescens

Jasminum schimperi Haplocoelum gallaense Acokanthera schimperi
Teclea nobilis Capparis erythrocarpos Coffea eugenioides

Scutia myrtina Psychotria kirkii var.

Olea europea var. africana mucronata

Carissa edulis Setaria kagerensis

Allophylus macrobotrys Asparagusfalcatus
Canthium schimperanum
Flacourtia indica

Achyranthes aspera

Pappea capensis

Pittosporum spathicalyx

Savannas

Rhus natalensis Sporoboluspyramidalis
Loudetia simplex Spermacoce pusilla
Vernonia schweinfurihii

Regarding the mean cover degree (see Table 18 and 19) two thicket clump species, Grewia

trichocarpa and Olea europea var. africana, are abundant whereby one savanna species,
Loudetia simplex, is dominant.

The high proportion of constant species in thicket clumps reflects their high floristic

homogeneity (Braun-Blanquet 1932; Knapp 1970) what may be due to rather similar site

conditions, what is less the case in savannas.

5.1.4.2 Differential species

The differentiated tables for thicket clumps and savannas are attached in appendix F and G. For

a better perception we present in Table 18 and 19 a summary table for both vegetation types.

The summary tables present the differential species sorted into blocks. According to Kreeb

(1983) the differential species groups reflect ecological as well as geographical site differences

(regional differential species). Furthermore, the summary tables contain also species which a) are

constant b) absent in a specific site (negative differential species), and c) with a particular high

mean cover degree in one (or several) site(s) (site preference).

See nextpages:

Table 18. Summary table for thicket clumps

Table 19. Summary table for savannas
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Table 18. Summary table for thicket clumps

Species:

Dyschoriste clinopodioides

Allophylus sp.

Conyza sumatrensis

Vrtaceae

Abutilon mauritianum

Maytenus heterophylia

Maerua triphylla var. johannis

Asparagus falcatus

Euphorbia candelabrum

Setaria kagerensis

Grewia similis

Achyranthes aspera

Coffea eugenioides

Canthium schimperanum

Canthium sp.1

"Minze"

Solanum cyano-purpureum

Asparagus racemosus

Pittosporum spathicalyx

Jasminum fluminense

Hamsonia abyssinica

Albizia petersiana

Blephanspermum pubescens

Clausena anisata

Maytenus arguta

Aloe volkensii

Abrus canescens

Pappea capensis

Sarcostemma viminale

Drypetes gerrardii var. tomentosa

Rhynchosia resinosa

Combretum molle

Dalbergia nitidula

Canthium vulgare

Garcinia buchananii

Canthium sp.

Rhynchosia sp.

Asplenium stuhlmannii

Ancylobotrys amoena

Strychnos lucens
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Canthium lactescens

Acokanthera schimperi

Vangueria apiculata

Triumfetta cordrfolia

Erythrococca bongensis

Fuerstia africana

Cyphostemma adenocaule

Osyris lanceolata

"KK Liane"

Lannea stuhlmannii

Acacia hockii

Boscia angustifolia var. corymbosa

Commiphora madacascariensis

Crabbea velutina

Pa Pd 10
14 Q 18

17Pa Pe 14 <!>
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s m

11

10

10

5

Pa C

Pa L

Pa Pd

Pg L
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3
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3
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Note Differential species first column equals absolute constancy within group, second column equals mean cover degree in %

Other species

Rhus natalensis

Grewia trichocarpa

Jasminum schimperi

Teclea nobilis

Cissus quadrangularis

Euclea schimperi

Haplocoelum gallaense

Capparis erythrocarpos

Scutja myrtjna

Olea europea var. afncana

Carissa edulis

Allophylus macrobotrys

Asystasia gangetica

Psychotna kirkii var. mucronata

Flacourtia indica
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Legend

Mean cover degree for the relevés of the differential group (differential species) and for all relevés (other species)

M 2010 60% dominant

m 10 to 20% abundant

# 5 to 10%

a 1 to5%

<1%
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Table 19. Summary table for savannas

Species:

Maytenus heterophylla

Rhynchosia resinosa

Fuerst'a africana

Asparagus flagellaris

Hyparrhenia sp.

Panicum maximum

Bulbostylis boeckeleriana

Commelina africana var. villosa

Anthencum cameronii

Sporobolus pyramidalis

Themeda triandra

Fimbnstylis complanata

Acacia siebenana var. kagerensis

Emilia caespitosa

Dichrostachys cinerea

Brachiaria decumbens

Bidens grantii

Asystasia gangetica

Andropogon canaliculatus

Eragrostis tenuifolia

Dicliptera rogersu

Ficus glumosa

Euphorbia candelabrum

Gardenia ternifolia subsp. jovis-

tonantis var. goetzei

Paspalum notatum

Digitaria pearsonii

Hyparrhenia filipendula

Selena unguiculata

Kyllinga elatior

Grewia trichocarpa

Lannea schimperi

Hyparrhenia diplandra

Miscanthus violaceus

Ageratum conyzoides

Loudetia kagerensis

Cymbopogon nardus
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Combretum collinum

Dalbergia nitidula

Terminalia mollis

Aspilia pluriseta

Protea madiensis

Ozoroa reticulata
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In the following we will give some main characteristics for the determined differential groups The

most important species for each differential group relating to constancy and mean cover degree are

given in brackets It is important to note that our analysis is based on some selected reliefs in three

(four) study areas and therefore of limited significance Supplementary vegetation surveys would

certainly better define the differential groups and then ecological and regional character The

characteristics of differential species are further developed in Table 23

Thicket clumps:

1) Regional differential species

Each study area has its regional differential group, i e, species occurring only in one study area

Lake Mburo Group 2 (Abutilon mauntianum)
Kikulula Group 6 (Pittosporum spathicalyx)
Karama Group 12 (Erythrococca bongensis)

2) Ecological differential species

Each topography of a study area has its own differential group with the exception of Lake Mburo

plain where only two relevés have been recorded (textural classes follow the US4axonomy, see

Soil Survey Staff 1975)

Lake Mburo, gentle slope Group 1 (Dyschonste clinopodioides) grows on relatively deep, well

drained sandy loams,

Kikulula, plain Group 5 (Canthium sp 1) grows on deep silty clay loams,

Kikulula, stony hillside Group 8 (Drypetes gerrardii var tomentosa^) indicates stony blocks,

dry soil,

Karama, stony hillside Group 11 (Vanguena apiculata) indicates skelet-rich, dry soil,

Karama, smooth rounded hilltop Group 13 ("KKLiane") grows on clayey soils with latentic

pebbels in the subsoil

These differential groups reflect particular site characteristics ofa study area and may therefore be

considered as local ecological differential species

Some differential groups occur on the same or on a similar topography oftwo study areas Their

species indicate ecological site characteristics on a broader geographical scale

Group 9 (Ancybbotrys amoena, Kikulula / Karama, stony hillside) indicates stony blocks, dry

soil,

Group 3 (Asparagus falcatus, Lake Mburo, gentle slope and plain, Karama, smooth rounded

hilltop) and Group 7 (Pappea capensis, Kikulula plain and Karama smooth rounded hilltop)

prefer well developed soils

3) Differential species occurring on different topography in different study areas

Group 4 (Coffea eugenioides, Lake Mburo, gentle slope, Kikulula / Karama, stony hillside) and

group 10 (Canthium lactescens, Kikulula / Karama, stony hillside and Karama, smooth rounded

hilltop) have a rather broad geographical distribution and also with no distinct ecological
differential character
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Savannas:

1) Regional differential species

Only Karama (group 11, Cassia mimosoides) has its regional differential group.

2) Ecological differential species

Each topography of a study area has its own differential group with the exception of Lake Mburo

plain (only two relevés) and Karama stony hillside:

Lake Mburo, gentle slope: Group 1 (Maytenus heterophylla) indicates relatively deep, well

drained sandy loams to sandy clay loams;

Kikulula, plain: Group 5 (Gardenia temifolia subsp. jovis-tonantis var. goetzei) indicates deep
and heavy textured soils which are seasonally waterlogged. Furthermore, two differential

groups have been identified with respect to the two vegetation subtypes. Group 4 (Andropogon

canaliculatus) is characteristic for the medium size grass savanna type with Themeda triandra

and group 6 (Hyparrhenia diplandra) is typical for the tall grass savanna type with

Hyparrhenia diplandra occurring in minor depressions (longer lasting waterlogging!) within

the medium size grass savanna. Group 7 (Loudetia kagerensis) will not be discussed any

further since it includes two disturbed (termitaria) relevés.

Kikulula / Kimisi, stony hillside: Group 8 (Combretum collinum) and 10 (Conyza hochstetteri)

indicate both skelet-rich, dry soil;

Karama, smooth rounded hilltop: Group 12 (Acacia hockii,) grows on sandy clay loams to

sandy clays with lateritic pebbles in the subsoil. The high constancy ofAcacia hockii seedlings
and saplings shows / reflects the inherent high potential ofbush encroachment (see 5.3).

These differential groups reflect particular site characteristics of a study area and may therefore be

considered as local ecological differential species.

Some differential groups occur on the same or on a similar topography oftwo study areas. Their

species indicate ecological site characteristics on a broader geographical scale:

Group 2 (Sporobolus pyramidalis, Lake Mburo, gentle slope and plain, Kikulula plain) prefers
well developed soil and support alternating dry and wet conditions;

Group 3 (Brachiaria decumbens, Lake Mburo, gentle slope and Karama, smooth rounded

hilltop) prefers well developed soils;

Group 9 (Hyparrhenia newtonii, Kikulula / Kimisi, stony hillside) indicates stony blocks, dry
soil.

No differential species in savannas occur on different topographies in different study areas in

contrast to thicket clumps. This may further support the hypothesis that the relief less affects the

floristic composition ofthicket clumps than it affects that of savannas (see also 6.2.3 and 6.5). Also

the structure ofthicket clumps is more homogenous than that of savannas. This is illustrated by the

rather uniform tree/shrub cover values ofthe closed thicket clumps (cover value mainly 70 - 85 %)
ifcompared to the strongly varying values ofthe tree and shrub layer ofsavannas (0 - 25 %).

At the bottom ofTable 18 and 19 also two sets ofspecific species are listed:

a) Some constant thicket clump species showing characteristic site preferences:

- Haplocoelum gallaense is dominant on stony hillside in Kikulula.

Olea europea var. africana is dominant on gentle slope in Lake Mburo National Park.
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Carissa edulis is abundant on plain in Kikulula.

b) Some constant species are absent on some sites, i.e. they have a negative differential character:

Olea europea var. africana is absent on stony hillside in Karama. This species would naturally
occur in this area but it was cut for charcoal production (highly populated area).
Loudetia simplex is absent in Lake Mburo National Park and in the northern part ofthe Kagera

Region in general. Loudetia kagerensis replace L. simplex on stony hillside.

5.1.4.3 Important species of thicket clump dynamics

To understand thicket clump dynamics it is important to know both the spatial and temporal
distribution ofkey species.

The dynamic process of thicket clumps, in particular on plain, is intimately linked with the

presence of termitaria. The dynamic interactions between vegetation and termitaria will be

analysed in detail in chapter, 5.1.5, 6.5.3 and 7.1.

5.1.4.3.1 Spatial distribution along a transect

Three transects have been analysed in detail. The results of the modified line-intercept method

of three mature thicket clumps are shown as profile diagrams (Knapp 1970; Mueller-Dombois

& Ellenberg 1974) in Fig. 20 (the complete data are in appendix H).
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The species recorded according to the belt-transect method have been grouped in four pools as

outlined under methods (the complete data are in appendix I). Since the belt-transect (Braun-

Blanquet) and the modified line-intercept method yield complementary data with regard to the

spatial distribution of the species, we decided to join the results of both methods. Species

showing either a preference for the ecotone or for the core part of thicket clumps are

summarised in Table 20 (see Lebrun 1947).

Table 20. Typical thicket clump core part and ecotone species

Core part of thicket clump Ecotone (thicket cl. side) Ecotone (savanna side)

Canthium schiperanum G Asystasia gangetica G Abutilon mauritianum G

Cissus quadrangulans P Bidens grantii G Asystasia gangetica G

Haplocoelum gallaense

Olea europea var.

africana

PH

G

Blepharis maderaspatensis

subsp. rubiifolia

Blepharispermumpubescens

G

H

Bidens grantii

Blepharis maderaspatensis

subsp. rubiifolia

G

G

Sanseviena parva P Coffea eugenioides G Brachiaria decumbens PG

Scutia myrtina G Panicum maximum PH Cynodon dactylon P

Pittosporum spathicalyx P Fuerstia africana G

Rhus natalensis P Microglossa pyrifolia H

Setaria kagerensis PG Panicum maximum PG

Teclea nobilis PH

P = frequent on plain
G = frequent on gentle slope
H = frequent on stony hillside

Some typical thicket clump part and ecotone species play also a crucial role in the development

ofthicket clumps (see 5.1.4.3.2).

Considering the spatial distribution of species along the gradient we note in particular:

a) Many species show distinct habitat preferences (see also Backéus 1992) widely depending

on light intensity. More heliphilous species are frequent in the ecotone domain and more

sciaphilous species occur preferentially in the core part ofthe thicket clump.

b) Shade tolerating seedlings of Euclea schimperi, Haplocoelum gallaense and Teclea nobilis

on all reliefs and Drypetes gerrardii var. tomentosa on stony hillside are abundant in the

inner part of thicket clumps thereby contributing to the long-term stability of thicket

clumps.

c) Lianas are very frequent in the ecotone forming some sort of a "curtain" (in particular

Blepharispermum pubescens) and only frequent on the "roof of the thicket clump

(typically Cyphostemma adenocaule). If the thicket clumps are large (> 30 m, only

occurring on stony hillside) the abundance of lianas in the core part is reduced.

d) In the ecotone domain the herb layer has a high cover-abundance value and includes species

of both vegetation types. The core part has mostly a sparse herb layer (cover-abundance

value less than 10-15 %).

e) Within about two meters from the edge forbs shade out the dominating grasses of the

savanna.
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5.1.4.3.2 Successional stages

Different successional stages may be identified in the development of thicket clumps. Each

stage has its typical plant species and structure (Germain 1952; Runyinya 1979). With

increasing size the herbaceous layer steadily decreases on one hand and on the other hand the

stratification of thicket clumps becomes more obvious (Germain 1952). Liben (1961) analysed

in the Bugesera area juvenile and mature thicket clumps with respect to their floristic

composition and structure. He stressed that thicket clumps of different successional stages differ

mainly in their stmcture. Nevertheless, he identified several plants which are preferentially

found either in juvenile or in mature tliicket clumps:

Typical species ofjuvenile thicket clumps: Capparis fascicularis var, elaeagnoides. Grewia

trichocarpa, Haplocoelum gallaense, Securinega virosa, Setaria kagerensis. Vernonia

brachycalyx.

Typical species of mature tliicket clumps: Arlhropteris monocarpa, Aystasia gangetica,

Canthium lactescens, ( 'arissa eclulis, Dispens rewhenbachiana, Dovyalis macrocalyx,

Justicia flava, Olea europea var. africana, Sanseviena parva, Teclea nobilis.

In Kikulula plain the first four listed tliicket clumps are of mature character while the 5" and 6"

tliicket clump are of more juvenile character The larger mature thicket clumps (100 - 120 m")

surprisingly have in the average only a slightly higher species number (38) than tlie juvenile thicket

clumps (29 species; 26m"). The smaller juvenile tliicket clumps (see Fig. 21) include a higher

proportion of savanna species than the other studied thicket clumps which are ratlier of mature

character.

Fig. 21. Juvenile thicket clump on stony hillside in Kikulula (Combretum collinum, Pittosporum

spathicalyx, Psorospermum febrifugum; without termite mound).
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Liben (1961) gave a good description about the genesis of a thicket clump and its development.

The genesis may start with a heliophilous nucleus tree or shrub, whose stem and crown offers

support to progressively invading climbers playing an important role in the development of

thicket clumps. The increasing shading leads to lesser grass growth, thereby reducing the grass

competition what may favour the germination of numerous sciaphilous plants. The installation

of more species in the periphery ofthe thicket clumps may lead to a centrifugal growing process

thereby forming the typical hemispheric form of thicket clumps (on plain). With increasing size

of the thicket clump the weighted life form spectrum change greatly. Hemicryptophytes

disappear almost completely and the proportion of lianas decreases. The reduced shading by the

lianas in centre of the thicket clump leads to higher solar radiation in the centre of the thicket

clump favouring thereby chamaephytes and geophytes, typical species of the understorey of

forest formations. With increasing size the forest character of this formation becomes more

apparent.

Some tree and shrub species play a pivotal role in the genesis and development of thicket

clumps. Mature thicket clumps in the plain and on gentle slope measure often 100 - 150 m2 and

even large ones do usually not exceed 400 m2. Their nucleus tree(s) and shrub (s) may be

detected quite easily. As thicket clumps on hillside may be of much larger size (> 2500 m2 semi-

deciduous forest, see 7.1.2.1.1), only micro (< 40 m2, see 7.1.2.1.1) and small thicket clumps

(40 - 2500 m2, see 7.1.2.1.1) have been considered for this analysis. Table 21 shows the main

nucleus trees and shrubs, which play a crucial role in the genesis and development of thicket

clumps. Nucleus trees and shrubs show different requirements for light whereby the more

heliophilous plants may be considered as pioneer species. In general, pioneer species grow

faster and tolerate drier conditions than do woody plants having their optimum in mature thicket

clumps. The heliophilous pioneer trees and shrubs create appropriate site conditions for the

succeeding ofmore sciaphilous forest species.

Table 21. Important nucleus trees and shrubs in thicket clumps

PI ain Gentle slope Stony hillside

Kikulula Lake Mburo Lake Mburo Karama Kikulula

Albizia petersiana Euphorbia Olea europea var. Olea europea var. Euclea schimperi
*

Capparis
candelabrum africana africana Boscia angustifolia*

erythocarpos* Capparis Capparis Grewia trichocarpa *

Capparis

Carissa edulis* erythrocarpos* erythrocarpos* Boscia angustifolia* erythrocarpos*

Euclea schimperi*
Grewia similis* Grewia trichocarpa* Capparis Grewia trichocarpa*

Grewia
Grewia trichocarpa* Maytenus erythrocarpos* Olea europea var.

trichocarpa* Maytenus
heterophylla* Euphorbia africana

Olea europea var.
heterophylla* Rhus natalensis* candelabrum Parinari

africana Olea europea var. Pappea capensis* curatellifolia*

Pittosporum africana Rhus natalensis* Pappea capensis*

spathicalyx* Rhus natalensis* Pittosporum

Rhus natalensis* Scutia myrtina* spathycalyx*

Rhus natalensis*

Note:

a) Typical pioneer species are marked with an asterisk (in addition to our list Lebrun 1947 considered Euphorbia

candelabrum in the Rwindi National Park (nowadays Virunga National Park) in Eastern Congo also as a pioneer

tree).

b) Most frequent nucleus trees and shrubs are written in bold.

c) Nucleus trees and shrubs in thicket clumps on stony hillside from Karama could not been determined as they

have been cut
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Most nucleus trees and shrubs are constant in all main study areas but only some of them play
the same important dynamic role in all main study areas like Grewia trichocarpa and Olea

europea var. africana. Grewia trichocarpa, a typical nucleus tree with pioneer character (as

already reported by Bouxin 1973 for the Akagera National Park in Rwanda), also occurs

sporadically in savannas. Furthermore, also shrubs - often preceding tree growth - play an

important role in the genesis of thicket clumps. The important role of Rhus natalensis, the only
constant species in both vegetation types, has already been mentioned in this context. Rhus

natalensis may play an essential role in the genesis of a thicket clump but also play a role as

ecotone species favouring the extension ofthe thicket clump. Capparis erythrocarpos, like Rhus

natalensis frequent on all landforms, may also initiate the growth of a thicket clump. Capparis

erythrocarpos has the life form of a subshrub if isolated in the savanna matrix, but takes the life

form of a liana within a thicket.

Some trees and shrubs having a limited geographical distribution may act as nucleus species

only in some of the studied sites. This is the case for Albizia petersiana in Kikulula and

Maytenus heterophylla in Lake Mburo National Park whereby the latter is a constant species in

thicket clumps and savannas. On the other hand, other trees and shrubs (Boscia angustifolia,
Carissa edulis, Euclea schimperi, Euphorbia candelabrum, Grewia similis, Pappea capensis,

Pittosporum spathicalyx and Scutia myrtina) having a broad geographical distribution, play an

important role as nucleus tree only on some sites. Euphorbia candelabrum in Kikulula plain and

Pappea capensis on stony hillside occur frequently also in savannas.

Parinari curatellifolia is a typical pioneer tree on stony blocks only, where it may initiate a

thicket clump.

Moreover, different types of climbers may be distinguished according to the successional stage

of the thicket clump. Typical climbers, which mainly appear in the initial stage of a thicket

clumps are the already mentioned Capparis erythrocarpos and the Cyphostemma adenocaule

(mainly in Karama). At a later stage e.g., Ancylobotrys amoena (mainly on stony hillside),

Blepharispermum pubescens (mainly Kikulula), Dioscorea spp. or Sarcostemma viminale are

more frequent.

Germain (1952) for the Ruzizi plain in East Congo, Runyinya (1979) for the Bugesera area,

Bouxin (1973) for the Akagera National Park and Lock (1977) for the Queen Elizabeth National

Park (Rwenzori) in Uganda have also identified important plant species for the dynamics of

thicket clumps. Some of these species play the same role in our study areas, as e.g., Capparis

erythrocarpos, Cissus spp., Grewia similis, Rhus natalensis (Germain 1952) or Euphorbia
candelabrum and Grewia trichocarpa (Germain 1952 and Runyinya 1979; Bouxin 1973 only
for the latter species). However, this comparison shows also that the composition of species

playing an important role in thicket clumps dynamics varies according to the geographical area.

5.1.5 Termitophilous flora

According to numerous authors (e.g., Thomas 1945; Wild 1952; Mullenders 1954; Hesse 1955;

Schmitz 1963, 1971; Glover et al. 1964; Schnell 1970; Knapp 1973; Lind & Morrison 1974;

Colonval-Elenkov & Malaisse 1975; Malaisse 1976, 1978; Jones 1992) large termite mounds of

Macrotermitinae have a typical vegetation (and also fauna) including some particular plant

species, which do not occur in the surrounding vegetation. Jones (1992) stated that nutrient-

enriched termite mounds are apparently colonised by woody species that are rare in the nutrient-

poor intermound soils. According to Malaisse (1976, 1978), working mainly in the Miombo

woodland, the species composition of termitaria vary considerably with the region. Moreover,

some species confined to termitaria in one region may not be restricted to termitaria elsewhere.
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As will be reported later (see 6.5.3), in the Kagera savannas, thicket clumps on seasonally

waterlogged plains and often also on gentle slopes are limited to the domain of a termitarium.

On the other hand, termitaria play a less dominant role on vegetation dynamics on stony

hillsides. Therefore we study termitaria vegetation on plains and gentle slopes.

Our analysis does not include all vegetation types ofthe Kagera savannas and therefore we are

not in a position to give a final list of species preferentially confined on termitaria. A tentative

list of species, which occur in the Kagera savannas is given in Table 22. Outside of the Kagera

savannas, some ofthese species preferentially grow on other sites.

Table 22. Typical termitarium species

Species Location

Albizia petersiana

Allophylus macrobotrys

Asparagusfalcatus
Boscia angustifolia var. corymbosa

Capparis erythrocarpos
Carissa edulis

Chloris virgata

Commiphora madagascariensis
Crabbea velutina

Dyschoriste clinopodioides
Euphorbia candelabrum

Grewia similis

Grewia trichocarpa
Maerua triphylla var. johannis

Maytenus heterophylla
Sansevieria parva

Sarcostemma viminale

Scutia myrtina
Setaria kagerensis
Solanum cyano-purpureum

Kikulula

ubiquist
Lake Mburo and Karama smooth rounded hilltop
Karama smooth rounded hilltop

ubiquist
ubiquist
completely eroded mounds, Kik. plain and Kar. hilltop
Karama smooth rounded hilltop
Karama smooth rounded hilltop
Lake Mburo gentle slope
Lake Mburo and Karama smooth rounded hilltop
Lake Mburo and Karama smooth rounded hilltop

ubiquist
Lake Mburo

Lake Mburo

ubiquist
LM / Kikulula plain, Karama smooth rounded hilltop

ubiquist
LM / Kikulula plain, Karama smooth rounded hilltop
Lake Mburo and Kikulula plain

We found no clear difference in the floristic composition of active and abandoned vegetated
mounds (see 6.5.3) as reported by Malaisse (1976) for the Shaba Region (Congo).

Termitophilous vegetation shows xeromorphic tendencies (Germain 1952; Troupin 1966;

Colonval-Elenkov & Malaisse 1975). Many plants have prickles (e.g., Carissa edulis, Scutia

myrtina, Capparis erythrocarpos) or are of fleshiness structure as e.g., the succulents Euphorbia

candelabrum, Sansevieria parva, Sarcostemma viminale.

On plains, certain species may also be confined to termitaria due to seasonal waterlogging ofthe

surrounding savannas. The main advantage of a termite mound over the adjacent land is its

better drainage and greater depth of soil (Hesse 1955).

The main characteristics oftypical species ofthicket clumps and savannas are presented in the

overview Table 23. The given information bases a) on our own results from the study areas, b)

additional own data from the Kagera Region, and c) data from the literature.

See next pages:

Table 23. Main characteristics of typical thicket clump and savanna species
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The spatial distribution ofthicket clumps will be analysed in chapter 6.5.5.

5.2 The Miombo woodland

The Miombo woodland (see definition 1.1) borders the Kagera Region along its southern

extension (see Fig. 10). This area is the northwestern limit of Miombo vegetation in Tanzania

(Rodgers et al. 1977). The transition zone between savanna landscape and Miombo is quite
narrow following a gradient from north to south. The Miombo vegetation appears first on slopes
while the savanna vegetation still persists in a fingerlike mosaic in valley bottoms (mosaic of

grassland / savanna woodland type with Acacia polyacantha within Miombo vegetation). The

term Miombo is the local name for Brachystegia in Tanzania, Zambia, Malawi and Zimbabwe

and for Julbernardia and Isoberlinia in Congo (Wild 1968). The feature which mostly

distinguishes Miombo woodland from other African savanna, woodland and forest formations is

the dominance of the genera Brachystegia, Julbernardia and Isoberlinia. These

Caesalpiniaceae are seldom found outside Miombo (Lind & Morrison 1974; White 1983; Frost

1996).

The Miombo woodland is one of the most extensive vegetation types in Africa (Lind &

Morrison 1974). Miombo covers about two-thirds of Tanzania and extends a thousand miles

southwards through Zambia and Mozambique into Zimbabwe and westwards to Angola and

Congo. It does not occur in Uganda or Kenya except locally near Mombasa (Lind & Morrison

1974). In Tanzania, it extends from sea level up to 1600 m in areas of annual rainfall of 500 -

1200 mm (Lind & Morrison 1974). The Miombo region in Tanzania and Eastern Zambia

belongs to the floristically richest areas in Africa with more than 3000 species per lO'OOO km2

(White 1983, see also Fig. 5).

The Miombo zone is characterised by a single dry season (Ernst 1971). Its northern boundary in

Tanzania corresponds to the transition from a unimodal rainfall system covering woodland to a

bimodal rainfall system covering mostly savanna formations (see also Lind & Morrison 1974).

As already mentioned the Miombo woodland is mainly characterised by the overwhelming

importance of Caesalpiniaceae within the tree layer and the dominance of a small number of

woody species, which sometimes grow in almost pure stands (Aubréville 1959). The leafs ofthe

Caesalpiniaceae are characteristically mesophyllous and pinnate and less sclerophyllous than

those of savanna trees (Cole 1986). Miombo trees are typically deciduous, though there are

some evergreen species in the lower tree/shrub layer (Lind & Morrison 1974, see also Table 24

and Figure 13/16 and 22). The length of the leafless period varies from year to year and

according to site, but there is a marked flush of new shoot growth well before the beginning of

the rainy season (Ernst 1971). For further analysis of the Miombo vegetation we refer to the

literature (e.g., Schmitz 1963; White 1965; Ernst 1971; Lind & Morrison 1974; Menaut 1983).

According to the climatic conditions (see 3.5.1) the Miombo at Lusahunga belongs to the wetter

woodland (White 1983). The alpha-diversity of our 5 relevés is relatively high with a mean

species number of 30. Although the relevés are taken on various topographic positions nearby

Lusahunga (see Fig. 10), the floristic composition is quite uniform (see Table 24, the individual

relevés are listed in appendix D). If each relevé is compared with each, Jaccard's index

measures 26 %. Also the individual index values between two relevés do not vary greatly (16 -

36 %).

The upper tree layer ofthe Miombo at Lusahunga is composed ofalmost monospecific stands of

deep rooting Julbernardia globiflora (see Fig. 13/16 and 22) with a height of 10 - 15 m.

Julbernardia globiflora is one of the more common Miombo trees (ectomycorrhizal species
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according to Högberg 1982, 1986a), very competitive and it grows also on nutrient-poor stony

soils (see 6.2.4). In environmentally more favourable conditions for Brachystegia spp., the two

genera may form mixed stands (Menaut 1983). Julbernardia globiflora is appreciated by the

local population for its high potential for producing honey and beeswax (Gauslaa 1989; Lmd &

Morrison 1974). Furthermore, the bark is used for making hives (Gauslaa 1989) and ropes are

made from the bark of this tree (Reekmans 1981) Large woodland types with Julbernardia

globiflora occur also in the Shaba region (ex Katanga) of the Democratic Republic of Congo

(Schmitz 1963). Some relict woodlands of the same type exist in eastern Burundi (Reekmans

1981).

Fig. 22. Miombo woodland at Lusahunga at the end of tlie dry season, beginning of leafing.

See next pages:

Table 24. Constancy table for Miombo
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Species:

Anthocleista schweinfurthii

Hyparrhenia newtonn

Inula glomerata

Julbernardia globiflora

M5

Bidens grantji

Gutenbergia cordifolia

Loudetia arundinacea

Pandiaka andongensis

Sporobolus mildbraedii

Antidesma membranaceum

Aspilia plunseta

Brachiana bnzantha

Combretum molle

Penmsetum unisetum

Pseudolachnostylis maprouneifolia

Tephrosia sp

Vrtex domana

"Lamiaceae"

Abrus canescens

Blumea alata

Combretum collinum

Dalbergia lactea

Hygrophila spiciformis

Hyperthelia dissoluta

Indigofera garckeana

Monotes katangensis

Oldenlandia herbacea var herbacea

Pannan curatellifolia

Rhus natalensis

Rhynchosia sp

Rubiaceae

Secunnega 2

Spermacoce pusilla

Tephrosia nana

M6

Albizia antunesiana

Albizia gummifera

Andropogon gayana

Annona senegalensis

Antidesma venosum

Beckeropsis uniseta

Bndelia scleroneura

Cassia mimosoides
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Celosia eiegantissima

Combretum holst»

Combretum mossambicense

Dalbergia nitidula

Digitana diagonalis var diagonalis

Dipsacus sp

Euclea schimperi

Flacourba indica

Grewia trichocarpa

Lannea schimpen

Markhamia obtusifolia

Monotes glaber

Ochna sp

Pandiaka welwitschii

Panicum massaiense

Pencopsis angolensis

Pilioshgma thonnmgii

Secunnega sp

Secunnega virosa

Steganotaema araliaceae

Strychnos 2

Strychnos innocua

Strychnos spinosa

Terminalia glauscens

Themeda tnandra

Tnumfetta rhomboidea

"Alnus"

"Fellgras"

"haange Liane"

"Pseudosporobolus"

M13

M16

M20

M21

M28

M31

M32

M37

Number of species per relevé

Mean number of species per relevé-

Total number of species:

Pa C

Pa Pd

Pa Pd

Pa Pd

Pg H

Pg H

Pa Pe

Pa Pd

Pa Pd

Pa Pd

Pa Pd

Pa Pd

Pa Pe

Pa C
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Pa Pd

Pa Pe

Pa Pd

Pa Pd

Pa Pe

Pa Pd

Pa Pd

Pa Pd

Pa Pd
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Pa C

Pa Pd

Pg H

Pa L

Pg H

Pa C

Pa Pd

Pg H
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1

x

X

x

1

X

X

X

1

X

X

X

1

X

121(2)

X

1

1

X

X

X

X

X

1

X

X

2

1

1

X

X

x

1

1

X

1

X

26 31 31 31 33

Note

The cover-abundance value was recorded separately for each layer (see specific relevé form) If there are

two or three cover-abundance values per species, the ranking follows the height ofthe layer The first

figure refers always to the top most level

Life forms

Pe = Evergreen plant

Pe = Deciduous plant

C = Chamaephyte

H = Hemicryptophyte

G = Geophyte

T = Therophyte

L = Dana

£ = Epiphyte

Pa = Perennial plants with permanent above-ground structures

Pg = Perennial plants with permanent underground structures

A = Annual plant
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The lower tree and shrub layer is scarce with a cover value of 10 - 30 %. A typical tree is

Anthocleista schweinfurthii. For an observer, the feeling of openness of the Miombo woodland

is not only due to the fact that the tree crowns do not always touch each other, but also to their

relative thinness (trees being often flat-topped), and to the lightness of the foliage of the

dominating Caesalpiniaceae trees (compound leaves with small leaflets).

The herbaceous layer, sometimes sparse, is often dominated by the two tall grasses Hyparrhenia
newtonii and Loudetia arundinacea of high constancy value, more or less mixed with other

grasses, forbs and suffrutescent vegetation.

The number of species per life form class and the life form spectra of the Miombo are as

follows:

Table 25. Number of species per life form class of the Miombo woodland according to

Raunkiear (1934) and Sarmiento and Monasterio (1983)

Vegetation type

Raunkiaer Sarmiento & Monasterio

Phan Cham Hemic Geoph Therop Lianas Epiph Pa Pg Annual

Miombo 10/29 11 20 - 8 2 - 52 20 8

Note: - Pa = Perennials with permanent aboveground structures

- Pg = Perennials with permanent underground structures

- 1st figure phanerophyte: evergreen plants; 2nd figure phanerophyte: deciduous plants
- The life form ofa few plants ofthe constancy table could not be defined.
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*;n
-,

Life form spectrum of Miombo

weighted (Raunkiaer 1934)

ou

40 -

30

20
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0 -

Pd
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1 1

P C H G T L E

Life form spectrum of Miombo

weighted (Sarmiento & Monasterio

1983)

fin

ou

50 -

40 -

S* 30 -

20

10 -

Q
Pa Pg A

Fig. 23. Life form spectra ofthe Miombo woodland according to Raunkiaer (1934) and Sarmiento

& Monasterio (1983) weighted with the species constancy

A = Annual plants
Pe = Evergreen plants
Pd = Deciduous plants
Pa = Perennials with permanent aboveground structures

Pg = Perennials with permanent underground structures

Reekmans (1981) analysed the structure of a woodland type with Julbernardia globiflora in

southeastern Burundi and gave the following weighted life form spectrum (lianas have not been

classified in an own category):

Phanerophytes: 60.2 %

Chamaephytes: 28.3 %

Hemicryptophytes : 6.3 %

Geophytes: 4.6 %

Therophytes: 0.5 %

Epiphytes: 0.1 %
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5.3 Encroached savannas

Bush encroachment is a process in which an open, often grassy, vegetation changes into dense

shrubby bushland. Bush encroachment is widespread in savannas (Prins & Van der Jeugd 1992)
and of great impact on rangeland management since the replacement of grass by woody species
reduces the pasture value for grazing animals (Knapp 1973). The balance between grasses and

woody plants in many savannas is a labile one (Skarpe 1990, 1991) and disturbances may give a

competitive advantage to shallow-rooted woody species in the upper soil layer formerly

occupied by the grasses (Knapp 1973; Johansson & Kaarakka 1992). Bush encroachment

(acacias are the main components according to Knapp 1973) is mostly caused by overgrazing

(e.g., Lind & Morrison 1974) as well as sudden cessation of grazing or reduced browsing

pressure (Knapp 1973), by fire exclusion (Komarek 1972; Rippstein 1985) and lowering of fire

intensity (Komarek 1972; Knapp 1973; Norton-Griffiths 1979; Van Wilgen 1990; Prins & Van

der Jeugd 1992). Klötzli (1980a, 1980b) assessed an appropriate range management for the

northem coastal area of Tanzania based on long term observations. He pointed out that any kind

of weakening the grass sward (overgrazing, brushcutter, chemical control methods) leads to

bush encroachment by Acacia zanzibarica. Furthermore, Götz (1975) reported from Tanzania

that increasing bush encroachment leads to a proliferation of tsetse flies (see also Hopkins

1992). Effects of bush encroachment in savannas on overall biotic diversity are-not understood

(Van Wilgen 1990). The causes of the encroachment are analysed in particular in chapter 6.2.5

and 6.4.7.

Six relevés of encroached shrub savanna type with Acacia hockii have been realised in Karama

on a smooth rounded hilltop and one relevé at Lake Mburo National Park on gentle slope (see

constancy table in Table 27, the individual relevés are listed in appendix E) where Acacia hockii

has rather the form of a tree.

See next pages:

Table 26. Constancy table for encroached savannas
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Allophylus macrobotrys

Asparagus falcatus

Bidens pilosa
Blepharis maderaspatensis subsp.

rubi'ifolia

Boscia angustifolia var. corymbosa

Bothriochloa insculpta

Canthium lactescens

Commiphora madacascariensis

Crotalaria sp.

Eragrostis racemosa

Euphorbia candelabrum

Grewia similis

Grewia trichocarpa

Hibiscus aponeurus

Indigofera arrecta

Indigofera m.

Jasminum schimperi

Microglossa pyrifolia

Monechma debile

Pappea capensis

Psychotria kirkii var. mucronata

Solanum incanum

Spermacoce sp.

Zornia setosa subsp. obovata

"Cannabis"

"Ipomœa"

"Labiateae"

"Mariscus"

"Ubuhandanzovu"

"Uruwili"

11

Number of species per relevé:

Mean number of species per relevé:

Total number of species:

Pa Pd

Pa L

A T

Pg H

Pa Pd

Pg H

Pa Pd

Pa Pd

Pa c

Pg H

Pa Pe

Pa Pe

Pa Pd

Pa c

Pa c

Pa c

Pa L

Pa L

Pa c

Pa Pe

Pa Pe

Pa c

A T

Pa c

Pg H

Pa L

Pg H

Pg H

Pg H

Pg H

Pg H

Pa c

x

x

1

X

2

1 1

1

1

X

1

X

X

X

X

X

X

1

1

X

1

X

X

X

X

1

1

x

X

1

17 30 32 27 24 «

s

0

Note:

The cover-abundance value was recorded separately for each layer (see specific relevé form). If there

are two or three cover-abundance values per species, the ranking follows the height ofthe layer. The

first figure refers always to the top most level.

Life forms:

Pe - Evergreen plant

Pe = Deciduous plant

C = Chamaephyte

H = Hemicryptophyte

G = Geophyte

T = Therophyte

L = Liana

E = Epiphyte

Pa = Perennialplants with permanent above-ground structures

Pg = Perennialplants with permanent underground structures

A = Annual plant
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The woody stiatum is almost exclusively built by Acacia hockii (see Fig 13/10 and 24)

wherebv the herb layer is largely composed of Brachiaria deuimbens, a sod grass of high

fodder value I aretes minuta and Bidens pilosa, typical ruderal plants, may indicate that the site

in Karama has been disturbed formerly (e g ,
cultivation)

Tlie encroached tree savanna m Lake Mburo National Park is most likely more advanced (older)

than the encroached shrub savanna of Karama Lake Mburo National Park has also a higher

woody cover value (about 70 %, tree and shrub layer together) than the shrub layer in Karama

(20 SO %) Bush encroachment may lead locally to a decrease m the alpha-diveisity The 6

relevés from Karama show a significantly higher alpha-diversity with a mean species number of

27 than the re/eve from Lake Mburo National Park with only 14 species The bush

encroachment in Karama is more recent and many still open tree savannas occur However,

Acacia hockii seedlings and saplings of high constancy exist (see Table 19) what shows an inherent

high potential of bush encroachment

Fig. 24. Encroached tree savanna in Lake Mburo National Park Ankole cattle giaze on

Brachiana decumhens in an Acacia hockii stand

Also some typical woodv species (eg, huphoibia candelabrum Ps\chotria kirku vai

mue/ouata etc), foibs (/ r\thrococca bon^ensis Hibiscus aponeutus) or in particular some

lianas (eg (yphoslemma adenocaule (issus quadrangulans) of tliicket clumps exist m

encioached savannas

Tlie number of species per life form class and the life form spectia of the encroached savanna type

with Acacia hockii are shown in Table 27 and Fig 2S
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Table 27. Number of species per life form class of the encroached savanna type with Acacia

hockii according to Raunkiear (1934) and Sarmiento and Monasterio (1983)

Vegetation type

Raunkiaer Sarmiento&Monasterio

Phan Cham Hemic Geoph Therop Lianas Epiph Pa Ps Annual

Encroached savanna 7/10 18 23 - 7 9 - 43 24 7

Note: - Pa = Perennials with permanent aboveground structures

- Pg = Perennials with permanent underground structures

- 1st figure phanerophyte: evergreen plants; 2nd figure phanerophyte: deciduous plants

Life form spectrum of encroached

savannas weighted (Raunkiaer 1934)

An

30

* 20

10 -

0 -

Pe

P C H G T L E

Rn -

Life form spectrum of encroached

savannas weighted (Sarmiento &

Monasterio 1983)

50 -

40

3S 30

20

10

0
Pa Pg A

Fig. 25. Life form spectra ofthe encroached savanna type withAcacia hockii according to

Raunkiaer (1934) and Sarmiento & Monasterion (1983) weighted with the species

constancy

A = Annual plants
Pe = Evergreen plants
Pd = Deciduous plants
Pa = Perennials with permanent aboveground structures

Pg = Perennials with permanent underground structures
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The weighted life form spectrum of the encroached savanna type with Acacia hockii has been

compared with those ofthe adjacent thicket clumps and savannas (see Fig. 19 A and B). Some

similarities exist with the savannas, however the proportion of lianas is highly increased in the

encroached savanna what is typical for thicket clumps.
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6. Results of the analysis of the main vegetation determinants

Structure and composition of the savanna vegetation reflect the interrelationships between the

evolution and migration of plant species on the one hand and the interplay of environmental

factors that produces habitats that vary spatially and are subject to continuous temporal changes,
on the other hand. The precise relationships that determine the nature and composition of the

vegetation in any area are complex. The relative importance of individual environmental factors

varies from place to place (Cole 1986). Spatial aspects are crucial for the understanding ofthe

vegetation dynamics (e.g., Belsky 1989).

The main determinants of the vegetation, i.e., climate, soil, fire, mammalian herbivory and

termites, will be further described below. Climate, fixe, mammalian herbivory and termites may

also act as abrupt disturbances what will be discussed in chapter "Savanna landscape dynamics"

(7.1). Geomorphology has been implicitly considered when analysing the vegetation pattern of

different relief and will therefore not be treated in a separate chapter. However, the impact of

geomorphology on water surface flow, soil formation and fire behaviour will be analysed in the

corresponding chapters. The impact of human activities is in particular dealt with in chapter
"Fire" (6.3) and chapter "Mammalian herbivory" (6.4). Moreover, cutting ofwood, agriculture,
introduction of alien plants and the spread of ruderal plants, are human perturbations of

increasing importance for the savanna ecosystem but they will not be further analysed in this

study.

6.1 Climate

A particular climatic regime represents a synthesis of many environmental factors to which the

vegetation of a region, given sufficient time, responds by adopting a certain unique character.

Such adaptation is generally most clearly reflected in the gross physiognomy of the vegetation
and in the botanical composition at the generic and family level (Norton-Griffiths et al. 1975).
The influence of climate on a region's vegetation is modified to varying degrees by the effects

of geology and physiography. Regional patterns of rainfall and climate strongly influence the

basic patterns of vegetation zonation in a savanna landscape (Norton-Griffiths et al 1975).

Climate, either as temperature or rainfall, has also major effects on soil organic matter (and

therefore indirectly on nitrogen), acid reaction, base saturation, and contents of carbonates and

soluble salts (Young 1976); all of these factors determine widely vegetation structure and

floristic composition.

The climate characteristics of the Kagera Region have been briefly described in chapter 3.5.1.

As shown in the Gaussen climate diagrams (see Fig. 12) the study areas have a similar climate

with a prevailing bimodal rainfall system. Vande weghe (1990) and Vande weghe & Dejace

(1991) stressed the importance of the prevailing bimodal rainfall system in the Kagera Region,
which moderates the impact on the vegetation. The total length of water stress acting on plants
is shorter in a bimodal rainfall system than in a unimodal rainfall system of similar annual

rainfall since the short second dry season is mostly too short for causing water stress.

The rainfall pattern plays a crucial role for the plant life (Norton-Griffiths et al. 1975; Vande

weghe 1990) in particular on germination rate and seedling establishment (Van de Vijver et al.

1999). Rainfall variability and grazing intensity control the net primary productivity and

herbivory in an interactive manner (Pandey & Singh 1992). Seasonal water deficit is a

characteristic feature of savannas. Its severity varies with the length and intensity ofthe dry period
and with edaphic conditions (Cole 1986). However, the rainfall data alone do not allow to

determine the quantity of water available to the plants, since the water surface flow, the

immediate evaporation on soil and plant surfaces, the soil water holding capacity (see 6.2.2.2.2)



Climate 122

and to a lesser degree the gain due to mist and dew (important in the first half ofthe dry season)
influence this value.

Considering the importance of rainfall patterns we will further analyse them in this chapter.

Additionally, we will measure the évapotranspiration and the relative humidity which are

additional important factors determining the plant available moisture.

6.1.1 Rainfall pattern

6.1.1.1 Temporal distribution of rainfall

The variability may be characterised by the coefficient of variation. The coefficient of variation

is an important factor for crop production and rangeland management. The higher the

coefficient of variation gets the less reliable the rainfall and the more hazardous the

management becomes (ACCT 1990). Table 28 gives the year to year variation of the annual

rainfall for Mbarara (near Lake Mburo National Park), Kayanga / Kagoma (near Kikulula) and

Biharamulo (near Lusahunga). The monthly variability for Kagoma and the daily rainfall for

Ibanda are shown in Table 29 and Table 31, respectively.

Table 28. Variability of annual rainfall for Kayanga, Biharamulo, Mbarara and Kagoma

Locality

Rainfall (in mm) Variability
(Coefficient of

variation in %)Minimum Mean (years) Maximum

Kayanga
Biharamulo

Mbarara

Kagoma

729

637

770

574

1031 (28)
992 (28)
911 (17)
856 (16)

1307

1242

1252

1108

13.6

15.8

14.1

22.4

The variability of annual rainfall tendentiously increases with decreasing mean annual rainfall

(see also Unesco 1979). All study areas have a rather low annual variability of rainfall compared
with other regions of similar mean annual rainfall. For example, the Tanzanian coastal savannas

at Mkwaja (south of Tanga) have a similar mean annual rainfall of 1035 mm (bimodal) but a

much higher coefficient of variation for the annual rainfall with 30 % (25 years; 1955 - 1979).

This high annual rainfall fluctuation reflects the constantly varying impact of two rainfall

systems in this area, i.e. the wetter northeast monsoon regime from Tanga and the drier

southeast monsoon regime from Dar es Salaam (Walter & Lieth 1960). On the other hand, the

Kagera Region in not under the influence oftwo different rainy systems and therefore the inter-

annual variation of yearly totals is moderate (Touber & Kanani 1996).

According to Touber & Kanani (1996) the inter-annual variation for the individual months is much

higher than the variability of mean annual rainfall in the Kagera Region. In Kagoma for example,
the monthly variability of rainfall oscillates between 38.0 % (March) and 300.7 % (July, see Table

29) and is much higher than the annual variability ofrainfall of22.4 % (see Table 28).
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Table 29. Variability of monthly rainfall in Kagoma

Monthly rainfall in Kagoma (mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1983 315 41 75 1 154 5 104 1 84 00 27 5 19 5 89 3 120 0 159 1

1984 82 2 97 3 142 5 135 6 38 0 00 00 37 7 59 2 78 3 204 5 88 7

1985 97 6 104 9 94 4 186 9 28 9 35 00 00 36 9 17 7 80 7 54 5

1986 85 2 64 2 145 2 289 6 109 6 27 2 00 00 218 104 9 298 7 175 0

1987 64 1 407 65 7 93 7 70 3 15 6 00 00 56 8 35 5 124 2 75

1988 108 6 57 7 34 5 109 9 717 00 22 9 69 6 39 2 142 5 66 3 1176

1989 79 2 27 7 107 2 100 3 102 1 00 00 448 99 2 96 6 85 4 129 4

1990 74 5 1180 95 6 233 8 00 00 00 00 84 0 1180 90 1 109 8

1991 107 4 98 3 83 8 70 7 105 6 00 67 2 20 58 97 4 21 1 218

1992 35 5 78 6 104 6 99 0 102 0 00 00 00 66 2 108 5 84 2 48 3

1993 00 1192 189 6 138 5 102 9 00 00 90 00 93 4 18 6 80 0

1994 124 4 17 5 150 3 119 3 178 7 13 9 22 14 5 60 8 180 0 111 8 125 3

1995 43 87 7 1512 245 8 63 4 00 00 00 92 3 69 4 82 2 74 6

1996 64 4 64 0 100 3 154 6 14 9 80 00 23 0 815 465 97 8 34 4

1997 129 2 21 5 64 3 119 5 68 3 00 00 00 00 165 7 3153 224 9

1998 135 5 128 9 910 1132 1190 00 00 00 63 5 55 5 465 29 0

Mean 76 5 70 6 106 0 147 8 80 0 48 58 143 49 2 93 7 1155 92 5 714 45 2 63.4

Minimum 00 41 34 5 70 7 14 9 00 00 00 00 177 21 1 75

Maximum 135 5 128 9 189 6 289 6 178 7 27 2 67 2 69 6 92 3 180 315 3 224 9

Standard dev 41 8 39 7 402 615 45 1 80 17 3 210 32 7 445 86 5 60 9

Variability (%) 54.6 56.2 38.0 41.6 56.4 166.8 300.7 147.1 66.4 47.5 74.9 65.9

The wet season rainfall is considerably less vanable than the dry season rainfall Moreover, months

with high mean rainfall are tendentiously less vanable than those with lower rainfalls The "within

year" vanabihty ofmean monthly rainfall is 63 4 % This emphasises the highly seasonal nature of

the rainfall distnbution These findings are in accordance with those of Norton-Gnffiths et al

(1975) for the Serengeti

Maximal monthly rainfalls are given in Table 30

Table 30. Maximal monthly rainfall for Kayanga, Biharamulo, Mbarara and Kagoma

Locality Maximal monthly ramfall Mean monthly rainfall

Kayanga
Biharamulo

Mbarara

Kagoma

311 2 mm (Apnl 1986)
422 6 mm (Apnl 1977)
320 3 mm (September 1988)
315 3 mm (November 1997)

186 mm

186 mm

100 mm

116 mm

Maximal monthly ramfall values may double the mean monthly values in wetter localities

(Kayanga and Biharmulo) and even tnple the mean monthly values m dner places (Mbarara and

Kagoma) This again underlines the fact that extreme values are more important m dner climate

Please note that the maximal monthly ramfall for Kagoma is related to the El Nino effect
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Table 31 shows the daily rainfall for Ibanda m 1993 In total 106 days with ramrall were registered
whereof 63 days had a rainfall of less than 5 mm Such minimal rainfall water evaporates quickly
and therefore the vegetation gams very little (Lebrun 1955) On the other hand, on six days the

rainfall was at least 25 mm In this case water is lost due to surface flow whereby the loss is directly

proportional to the mtensity of ramfall Troupm (1966) reported smnlar charactenstics of ramfall

for Gabiro m the northem part ofthe Akagera National Park

Table 31. Daily rainfall (mm) in 1993 for Ibanda

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 40 25

2 45 10 2 10 120

3 13 95 38 05 20

4 220 00 02 11 0

5 30 92

6 20 250 10 02

7 15 40 45 00

8 56 15 130

9 115 350 00 10

10 11 0 90 35 00

11 02

12 26 7 03 10

13 00 00 26 00 25

14 21 60 10 40

15 85 11 0

16 65 164 70 165

17 85 100 00

18 00 55 25 37 8 20 25

19 400 60 1 7 170 00

20 200 169 20 140 50

21 10 70

22 70

23 65 20 81 25 25

24 05 21 0 20

25 38 1 5 40 50

26 50 250 20 25

27 20 15 30 20 S

28 25 1

29 25 05 140 1

30 35 25 235

31 45 55
o

z

N° days with

rainfall 13 7 16 11 7 2 0 4 4 12 16 14 106

Total 1132 65.4 1074 90.1 81.3 1 0 15 16.3 33.2 87.5 95.7

Annual total: 706.1

Note 0 0 means very little rainfall of not measurable quantity
Underlinedfigures 25 mm or more rainfall
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6.1.1.2 Spatial distribution of rainfall

However, rainfall is not only irregular in time but also in space (see Fig 26) Tlie rainfall of East

Africa has a highly local character (Lebrun 1955, Johnson 1962, Hills 1974, Norton-Griffiths et al

1975) Table 32 compares the daily rainfall data oftwo neighbouring locations

Fig. 26. Locally highly vanable rainfall duimg a thunderstorm at Lake Burigi
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Table 32. Comparison of daily rainfall data for October 1996 for Burigi and Kayanga

Day

Rainfall in mm

Burigi Kayanga

1 _ 0.8

2 - -

3 - -

4 - -

5 - -

6 - 2.1

7 - 0.5

8 - 28.1

9 - 3.2

10 - -

11 0.5 -

12 - 9.0

13 - 2.8

14 - -

15 - -

16 - -

17 - 2.5

18 - -

19 - -

20 - 4.0

21 1.0 -

22 - -

23 - 8.0

24 10.0 -

25 - -

26 - -

27 5.0 -

28 0.5 2.5

29 0.5 -

30 15.0 -

31 - 1.1

Total 32.5 64.6

Although Burigi and Kayanga are only approximately 45 km apart the rainfall pattem for the given
month is very different, i.e., a) Kayanga received about twice as much rainfeU as Burigi and b) the

daily distribution ofrainfeU is completely different for the two localities.

6.1.2 Evaporation and relative humidity

In the tropics, rainfeU pattem widely determines evaporation and relative humidity. Water is lost to

the atmosphere from soil, plant and water surfaces by the physical process of evaporation.

Evaporation is mainly determined by temperature, solar radiation, vapour pressure and wind speeds

(Langdale-Brown et al. 1964). Evapotranspiration is the water lost by transpiration from the plant

canopy and evaporation from the underlying soil surface (Nix 1983).

Since the annual évapotranspiration usually does not deviate more than 10 % from the mean

(Troupin 1966, Akagera National Park) we give this value just for one specific year. Table 33

shows the potential évapotranspiration (data from a Piche evaporimeter installed inside a weather-

box) for Ibanda in 1993. For comparative reasons the évapotranspiration measured outside a

weather-box by a Piche evaporimeter is shown in Table 34. The rainfall pattern for the same period
is given in Table 31.
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Table 33. Potential évapotranspiration in mm (inside weather-box) for Ibanda in 1993

Jan Feb Mar Apr May Jun Jul Auq Sep Oct Nov Dec

1 45 26 46 25 05 37 64 80 11 0 88 45 13

2 47 21 30 26 1 7 30 60 82 90 63 1 1 20

3 38 08 10 48 24 43 71 81 83 92 32 1 1

4 35 15 38 55 20 40 90 80 90 60 35 20

5 45 35 40 60 08 30 95 70 87 56 44 1 2

6 40 13 41 55 15 30 90 55 73 75 38 07

7 45 40 25 62 05 40 80 61 42 70 49 30

8 08 50 08 45 18 45 85 55 65 70 55 1 7

9 13 40 40 30 20 31 71 32 77 35 33 34

10 18 40 25 35 1 7 36 70 56 80 68 28 .

11 1 3 32 20 33 45 51 75 15 85 54 50 .

12 20 30 35 23 32 52 77 55 125 60 34 .

13 05 42 22 26 1 5 31 71 71 124 65 45 -

14 10 25 21 16 23 21 71 86 102 60 34 -

15 1 6 15 42 20 1 6 25 72 98 11 0 60 39 36

16 18 30 42 40 20 31 70 93 90 55 38 24

17 32 20 40 30 25 45 71 83 53 68 26 27

18 20 1 6 31 36 22 50 70 80 88 35 21 35

19 1 6 15 35 12 20 55 65 82 85 75 40 20

20 22 40 1 8 12 1 0 42 75 80 56 95 45 31

21 20 25 05 30 20 40 65 73 88 40 70 22

22 33 38 22 30 35 72 75 50 75 1 7 81 45

23 21 1 6 20 29 20 65 90 61 73 54 47 45

24 1 6 23 05 22 15 58 100 33 47 75 21 42

25 20 30 20 37 20 71 90 41 75 76 18 29

26 26 24 21 32 34 51 82 50 60 62 55 22

27 25 40 1 3 27 35 62 80 80 95 22 30 28

28 20 28 35 1 7 40 65 81 85 96 41 55 22

29 1 6 26 27 30 60 82 85 95 70 35 58

30 34 30 20 40 65 81 100 85 60 10 50

31 40 1 5 39 90 85 15 28

Total 77.7 77.7 82.1 96.0 70.5 1374 240 9 213.8 250.4 183.6 1164 72.8

Annual total: 1619.3

Note The apparatus was not working from 10/12- 14/12/1993
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Table 34. Evapotranspiration in mm (outside weather-box) for Ibanda in 1993

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 8.5 5.5 8.5 4.0 1.5 7.2 12.8 14.5 17.0 15.5 9.5 2.9

2 9.4 4.1 4.0 5.5 4.0 7.0 12.0 15.2 15.5 11.5 1.7 4.1

3 7.5 1.4 1.5 9.5 6.5 8.6 14.5 15.5 14.3 15.5 7.1 2.2

4 6.5 2.5 7.2 10.5 5.2 8.0 15.5 15.1 15.5 10.0 6.7 4.0

5 9.2 6.7 8.0 11.5 2.0 7.0 16.5 13.0 15.8 10.0 9.7 2.7

6 7.8 2.5 8.1 11.0 4.0 6.5 17.0 10.5 13.0 14.5 7.6 1.3

7 8.5 7.0 4.7 12.2 0.9 8.0 20.1 12.0 9.0 14.2 10.0 7.0

8 1.7 8.0 1.2 8.2 3.5 8.5 24.0 10.0 12.0 13.0 10.5 3.5

9 2.5 7.0 7.2 5.5 4.5 6.0 18.7 6.5 14.5 6.5 6.0 7.0

10 3.2 7.5 5.5 6.0 4.5 7.0 17.5 10.4 15.1 12.7 5.9 6.3

11 5.0 6.6 3.5 5.5 7.1 9.0 19.0 2.2 16.4 9.5 10.4 6.5

12 4.9 6.0 5.5 4.3 7.2 9.5 18.0 10.5 20.5 12.0 7.0 10.0

13 1.3 8.2 4.1 4.7 3.0 6.1 18.0 13.0 21.9 12.0 8.0 9.0

14 2.0 4.5 4.0 3.7 6.0 4.2 22.0 15.7 18.5 11.8 7.2 6.5

15 3.5 2.5 7.2 4.0 3.9 5.0 19.0 17.0 19.0 11.5 7.1 7.2

16 3.7 7.0 6.2 9.6 4.5 6.2 17.1 16.3 16.0 11.0 6.9 4.4

17 5.0 2.5 7.0 6.5 5.5 9.0 17.5 15.6 10.6 12.5 5.2 5.8

18 3.2 3.0 5.2 7.6 4.5 0.7 16.5 15.0 16.5 7.2 4.5 7.2

19 3.5 3.1 5.3 2.3 4.0 9,5 13.0 15.5 14.3 14.5 8.1 3.9

20 4.2 7.3 2.2 5.6 2.5 9.5 14.0 15.3 10.7 18.0 7.5 6.2

21 4.2 5.5 0.5 7.2 3.5 8.4 13.0 12.9 15.4 6.5 12.0 4.4

22 6.2 6.9 3.3 6.7 6.5 14.0 14.5 8.5 14.8 2.7 13.2 8.5

23 4.2 3.0 2.8 6.9 4.8 14.2 16.0 13.0 12.2 9.5 9.0 9.0

24 3.1 4.0 0.8 4.7 3.0 14.0 19.0 7.0 8.1 12.5 3.5 7.8

25 4.0 6.0 2.8 7.5 4.1 15.2 17.0 10.8 12.2 13.5 3.0 6.5

26 5.5 4.7 2.9 6.7 6.5 10.2 15.0 11.0 10.5 12.0 9.0 4.2

27 5.2 8.2 2.6 4.4 7.0 14.5 14.5 12.5 15.5 4.5 5.5 5.5

28 3.7 5.5 5.5 3.7 8.0 12.5 14.5 13.5 16.5 8.0 9.5 4.8

29 3.5 3.7 7.0 7.5 12.0 15.0 14.5 15.4 13.0 6.5 11.5

30 6.8 4.5 4.2 7.5 12.5 15.2 15.2 15.5 11.0 2.0 10.0

31 8.2 2.5 7.0 17.0 14.5 2.5 6.2

Total: 155.7 146.7 138.0 196.7 150.2 260.5 513.4 392.2 44Z2 339.1 219.8 186.1

Annual total: 3140.6

The potential évapotranspiration was 1619 mm (inside weather-box) whereby the

évapotranspiration measured outside the weather-box was 3141 mm (outside weather-box).

According to Nix (1983) annual totals ofpotential évapotranspiration reflect relative lengths ofwet

and dry seasons; they everywhere in savannas exceed 1000 mm, but commonly exceed 1500 mm

(which is also the case for Ibanda) with only the driest margins of the tropical savanna zone

exceeding 2000 mm. According to Sansom (1954) the potential évapotranspiration may be

estimated for Ibanda to be about 1000 mm considering its altitude (about 1320 m a.sl). Lebrun

(1955) estimated the potential évapotranspiration (method ofThornthwaite 1948) to be about 1048

mm for Zaza in southeast Rwanda and 1091 mm for Kagitumba in northeast Rwanda. The

estimated values for potential évapotranspiration values for places within the Kagera savannas in

Rwanda are significantly inferiorto our value for Ibanda obtained by the Piche evaporimeter.

According to Nix (1983) wet-season daily values for potential évapotranspiration in savannas range

between 2 and 4 mm and dry season values between 4 mm and 10 mm. The values for Ibanda are
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slightly higher. The potential évapotranspiration for Ibanda is highest from mid ofthe dry season in

July to the beginning of the rainy season in October with monthly values mostly exceeding 200

mm. Two peaks occur during the dry season, one in July (240 mm) where there is no rain and a

second in September (250 mm) at the end ofthe dry season where a) temperature is highest and b)

wind velocity is increased. From January to May and from November to December the

évapotranspiration values are very similar (70.5 -116.4 mm) as are the monthly rainfalls.

The evaporation rate is intimately linked with relative humidity. The relative humidity varies also

strongly with the season and the daytime. Two typical plots of relative humidity are given for

Ibanda, i.e., one for the rainy season (26/4 - 2/5/1993) and one for the dry season (19/7 -

25/7/1993) as shown in Fig. 27. The daily course of the relative humidity for the dry season is

steadier than that for the rainy season, which is influenced by the effective rainfall (compare with

Table 32). Daily amplitudes of temperature and relative humidity are higher for the dry season

(10.5 - 29.5 °C; 28 - 86 %) than those for the rainy season (12.5 - 28.5 °C; 40 - 95 %). Troupin

(1966) reported for Gabiro (northern part of the Akagera National Park) a mean annual relative

humidity of 68 %. The mean monthly relative humidity stays above 60 % for ten months. Only the

dry months July and August have a mean monthly relative humidity below 60 % (56 and 59 %

respectively).

See nextpages:

Fig. 27. Weekly temperature versus relative humidity plot measured with a thermo-hygrograph

during the rainy (A) and dry season (B) 1993 in Ibanda
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6.1.3 Preliminary discussion of the vegetation - climate relation

We may conclude that the rainfeU pattems within the Kagera Region are remarkably inegular in

time and space and therefore quite unreliable. Already Gildemeister et al. (1999) stressed the

irregularity and unpredictability of rainfall for the Akagera National Park. For this area one has

no guarantee for any month to receive more than 50 mm of rainfall. According to Vande weghe

(1990) monthly rainfall of less than 65 mm provoke plant water stress in the Akagera National

Park. According to the high potential évapotranspiration values in the tropics during the dry season,

Nix (1983) stipulated even that any monthly rainfeU totals of less than 100 mm, are likely to lead to

severe water stress in plant communities. Irregularity and unpredicrability of rainfeU in savanna

climate makes any management, especially crop production, hazardous.

The high cover value ofthe shrub/tree layer in thicket clumps leads to more moderate and stable

micro-climatic conditions in this forest formation than in the surrounding savannas (Germain

1952). The water saturation deficit during the dry season leads to the high proportion of

deciduous woody plants in savanna formations and to the high proportion of sclerophyllous
trees and shrubs in thicket clumps (Lebrun 1947).
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6.2 Soil

6.2.1 Introduction

Overall, within given climatic limits, the distributions of the various categories of savanna in

East Africa are influenced by edaphic conditions that in tum are related to geomorphology and

geology. Edaphic factors may modify the overall climatic effect (Norton-Griffiths et al. 1975).
Tectonic influences and volcanic activities associated with the Great Rift Valley System have

played an important role and have resulted in more chequered vegetation patterns in its vicinity
(Cole 1986), this in contrast to the savannas of other parts of Africa and of other continents. The

main soil types are associated with particular landscape features. Many tropical soils are poor in

nutrients, a result of leaching over a long period oftime, and are liable to depletion or erosion (e.g.,
Langdale-Brown et al. 1964).

Many of the explanations for the occurrence of savannas involve the soil either as a primary
cause or as an indirect factor (Anderson & Herlocker 1973; Montgomery & Askew 1983; Cole

1986). Edaphic explanations have included soil moisture and soil nutrient status whilst non-

edaphic explanations also often have a soil aspect. Climatic theories, for instance, which relate

savannas to wet and dry season conditions, are postulating, in effect, that the savanna ecosystem
is better adapted than any other plant community to stand the alternating soil moisture

conditions in the soil which may vary from drought to waterlogging (Askew & Montgomery
1983).

According to Young (1976) there are seven main factors of soil formation: climate, parent material,
relief (the shape ofthe land surface), hydrology (drainage), organisms (vegetation and soil feuna),
time (soil age) and man. Under normal circumstances climate, parent material and relief; together
with hydrology in the special case of poorly-drained sites, are the primary determinants of soil

properties. The relations between soil-forming factors and soil properties are indirect as they are

causally linked by the processes of soil formation. The soil-forming factors lead to the action of a

particular set of processes, e.g., weathering, leaching; the processes, acting over time, bring about

changes in soU properties.

Soils of strongly contrasting colour, profile characteristics, texture, moisture holding capacity and

base status occur within the savanna zones (Montgomery & Askew 1983; Cole 1986; Scholes &

Walker 1993) reflecting the variable importance ofthe soil-forming factors. The wide range of soil

conditions associated with savannas shows the variability ofthis vegetation formation from near

forest-like communities to grasslands and it is this variability of both soil and vegetation which

explains the apparently contradictory reports of vegetation - soil relationships (Askew &

Montgomery 1983).

Tropical soils in at least temporary humid environments have distinctive soil characteristics,

which are rare or less clearly developed in the Temperate Zone. Among these are the processes

of rapid weathering and strong leaching (desilication) due to higher temperature, the properties
of a deep and highly-weathered regolith with a predominance of kaolinftic clay minerals (1:1

lattice), and the importance of organic matter in soil fertility and soil management (Young

1976).

It is clearly an advantage when discussing the high variable savanna soils to be able to place
them within the categories of a classification system but, unfortunately, no single system has

gained universal acceptance (Montgomery & Askew 1983). The different terminologies that

have been used in soil classifications at different times and in different continents complicate
considerations of the relationship between the different categories of savanna vegetation and

soil conditions and necessitate cross-referencing of soil nomenclature (Cole 1986). The FAO
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(FAO/UNESCO/ISRIC 1988) scheme is largely dependent on the official soil classification

system ofthe United States Department of Agriculture (Soil Survey Staff 1975) for many of its

horizon concepts but its definitions are simpler and therefore easier to use and it retains many of

the traditional names for soil types (Montgomery & Askew 1983). An additional reason for

making reference to the FAO scheme is the existence of small-scale maps for all regions of the

world based on the FAO terminology.

The distribution of vegetation communities and soil types are in reality very complex, both are

related in tum to climate, physiography and geology and to the geomorphological evolution of

the landscape (Cole 1986). Some broad relationships have been recognised, so far but a better

understanding of pedogenesis and plant - soil relationship is rendered difficult because of the

different existing classification systems which are based on differing criteria.

As the intenelationships between soil and vegetation are manifold and important the vegetation
should be regarded as a major soil-forming factor (Milne 1937; Montgomery & Askew 1983).
The forest-savanna transition zone offers exceptionally good opportunities for studying soü-

vegetation relations (Young 1976). Soils exert a substantial influence upon the type of

vegetation community present in a given location. Moss & Morgan (1970) found that forest

areas in West Africa were located on soils of heavier texture. According to Young (1976) also

in southern Mato Grosso, Brazü, the strikingly sharp boundary between semi-deciduous forest

and cerrado (short tree and shrub savanna) corresponds to a soil texture difference, forest being
found on sandy clay loams and cerrado on loamy sands and sands. However, away from the

climaticaUy defined transitional zone, both in wetter and drier directions, this correspondence
does not hold (Askew et al. 1970). Conversely, vegetation influences soil properties, both

directly through the supply of organic matter and in a number of indirect ways (e.g. root

exudates or shading, Young 1976).

According to White (1983) the concept ofthe catena is particularly valuable in explaining the

relationships between soil and vegetation. Milne (1935, 1936) first used the term catena (a

swinging chain) to denote the sequence of soils from hilltop to valley floor and he showed that

the same method may be used to describe the different zones of vegetation to be found in

undulating country, where the same series of plant formations is repeated on hill after hill. Even

slight differences in topographic situation can alter the texture and drainage to such a degree
that base content, in particular, can vary greatly. It is these differences due to catenary

sequences which are chiefly responsible for the local variations in vegetational mosaic

(Anderson & Talbot 1965; Ludwig 1967; Leippert 1968). Therefore the elaboration of soil-

catenae is also very helpful in vegetation mapping.

It is important to distinguish between primary soil properties, which may be of causal

importance in influencing the occurrence and characteristics of vegetation types, and secondary
soil properties, which have been determined largely by the vegetation and associated organisms
in their role as pedogenetic factors (Montgomery & Askew 1983). Miège (1966) and Ellery et

al. (1992) stressed the feet that the type of vegetation may be the cause (and not the

consequence) of the observed soil type. This important aspect will be further discussed in

chapter 6.2.3.

For plant growth, the most important soil properties are texture, structure, moisture holding

capacity and drainage, nutrient status, organic matter content and pH (Montgomery and Askew

1983). These factors are intercepted and are also linked causaUy with the soil-forming factors.

Rock composition affects the rates of supply, to the soil solution, ofthe products ofweathering.
The influence of the parent material will decrease with increasing duration and intensity of

weathering and leaching (Hogberg 1986b). Rates of weathering are related to soil temperature



Soil 135

and to the period of the year over which the soil remains moist. Rates of leaching are related to

the volume of water passing downwards through the profile and to a lesser extent to its

temperature (Young 1976). The soils of the Kagera savannas are derived from old Precambrian

felsic (Young 1976) bedrocks from the Karagwe-Ankolean System mainly and only

occasionally intruded by basic rocks like e.g., dolerite (Touber & Kanani 1996). The felsic rocks

of the Kagera Region are aluminous, siliceous and ferruginous, with low magnesium and lime

contents, i.e, they are poor in mineral nutrients (Touber & Kanani 1996). Furthermore, the

predominating metamorphic (quartzites and schists) and the more sporadic igneous rocks

(granites) are highly weathered and leached and therefore the mineral nutrient content is further

decreased.

As the study areas fall within one climate zone, parent material and relief, together with

hydrology in the case of seasonaUy waterlogged plains, exert the strongest impact on the soil

properties ofthe Kagera savannas.

6.2.2 Soil properties from thicket clumps and their surrounding savannas

6.2.2.1. Profiles and soil types

Since the soil profiles of a given site vary little, we only show one typical sou profile (including
a short description) of a thicket clump and one of its surrounding savanna for each studied site.

The corresponding complete profile protocols are given in appendix K. All soil profile protocols

may be consulted at the author.

The FAO classification system uses diagnostic horizons for defining the soil type. It was not

always simple to follow this system, since some criteria have not been determined (e.g. cation

exchange capacity for the clay fraction), or were lacking.

6.2.2.1.1 Plain, Kikulula

The thicket clump profiles on plain are quite different from those of the two surrounding
savannas types (see Fig. 28). The thicket clump profile is more structured and is better drained.

Both profiles of the surrounding savannas show heavy texture with mottlings (Fe03) due to

drainage impedance.

Thicket clump profile description:

+4 cm: LF-horizon with not at all or only slightly decomposed material.

0-~40cm: A-horizon; dry, brownish grey (10YR4.5/1.5) sixty clay with crumb to sub-

polyedric structure; roots very abundant; few organic matter; no skelet; merging

boundary.
> ~ 40 cm: AB-horizon; slightly moist, greyish yellow brown (10YR4.5/2); dito A-horizon

but more compact and only slight crumb structure.
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Fig. 28. Soil profiles from Kikulula on plain (thicket clump N° 2 and surrounding savannas)

Grass savanna type with Themeda triandra profile description (dystric Planosol with

Vertisol characteristics):

0-45 cm: A-horizon; slightly moist, greyish brown (7.5 YR5/2) loam with moderate

crumb to polyedric hard compact blocky structure (friable) and abundant roots;

few indistinct mottles; few organic matter; no skelet; clear, wavy boundary.

45-80 cm: Ae-horizon; slightly moist, light grey (10 YR7.5/1) silt loam with soft but

compact blocky structure, very friable; abundant roots; numerous mottles and

ferruginous coloured along root channels; no organic matter; no skelet, clear

boundary.
> 80 cm: Bt-horizon; slightly moist, brownish black (7.5 YR3/2) clay with polyedric

structure with slickensides (Young 1976); few fine roots; numerous mottles; no

skelet; deep soil.

Grass savanna type with Hyparrhenia diplandra profile description (dystric Planosol with

Vertisol characteristics):

0-10 cm: Ah-honzon; slightly moist, brownish grey (10YR4/1.5) silty clay with soft but

compact blocky structure, friable; abundant roots; mottling abundant

(7.5YR5/8); few organic matter; no skelet; merging boundary.

10-80+ cm: A-horizon; slightly moist, greyish yellow brown (10YR4/2.5) silty clay with soft

but compact blocky structure, friable; abundant roots; no or few organic matter;

no skelet; deep soil.

The FAO - system (FAO/UNESCO/ISRIC 1988) defines Planosols as follows:
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"Soils having an E-horizon showing stagnic properties at least in part of the horizon, and

abruptly overlying a slowly permeable horizon within 125 cm of the surface, and lacking a

natric or a spodic B-horizon".

Planosols occur on less well-drained, level land, often of sedimentary origin, under semi-arid to

sub-humid climatic conditions. Planosols occur like Vertisols on flat lands and intergrades of

both soil types are common (Touber & Kanani 1996). These soils, often commonly called

"black cotton soils" in East Africa, are usually build up by black or as in our case grey clays.

The dark colour of black cotton soils is believed to be caused by some form of calcium humate

and only rarely due to the persistence of certain dark-coloured primary minerals (e.g.,

magnetite) or to large amounts of partly degraded organic matter (Lind & Morrison 1974). The

vegetation on black cotton soils is nearly always grassland with a few scattered trees and shrubs,

which are often confined to termite mounds (Lind & Morrison 1974).

The seasonally waterlogged soils are imperfectly drained with abundant mottling and high bulk

density. Young (1976) related these features to very fine pore size and compacting due to lateral

pressure on swelling. Because of the high content of plastic 2:1 lattice clay, black cotton soils

exhibit pronounced shrink-swell characteristics (Lind & Morrison 1974; Scholes & Walker

1993). According to the season the site conditions are very extreme (see also 6.2.3). In dry

periods they tend to be very arid. Klötzli (1980b) analysed in the Tanzanian coastal area the

plant available water of black cotton soils by measuring the desorption curves. He found that

water is available between 16 and 38 %, i.e., small amounts of rain after droughts are not

available for plants thereby enhancing the water stress. On the other hand, rooting is often

seriously inhibited by poor drainage during the rainy season. Associated with high

montmorillonite contents are high cation exchange capacities, high saturation, particularly in

calcium and magnesium (Montgomery & Askew).

Black cotton soils are difficult to cultivate and they are not usually - as their common name

suggests - suitable for cotton, but they are more suitable for maize and sorghum (Lind &

Morrison 1974). They are called this way because of their soft, cotton like, consistence during

the rainy season.

We define the soil type ofthe grass savanna type with Themeda triandra on plain in Kikulula as

dystric Planosol with Vertisol characteristics (see also Touber & Kanani 1996). The subsoil is

sodic. The subsoils of the grass savanna type with Hyparrhenia diplandra show some

characteristics ofa Ae-horizon and one soil profile has a Bt-horizon. Therefore the soil type is most

probably also a dystric Planosol with Vertisol characteristics but with a higher moisture content and

deeper topsoil than that of the profile from the grass savanna type with Themeda triandra. A

definition of soil type according to the US - taxonomy is not possible since Planosols do not form

an own group in this system (see Scheffer & Schachtschabel 1998).

The E-horizon of our savanna profiles is too modest for being a typical Planosol. On the other

hand, our profiles only sporadically develop cracks from the surface downward (at least 1 cm

wide to a depth of 50 cm), what is a typical feature of Vertisols. Furthermore, the clay content

ofthe topsoil is clearly too low for a Vertisol.

All soil profiles within thicket clumps lie in the vicinity of a termite mound. Since the horizons

have been profoundly altered by Macrotermes the soil type can not be determined with

conventional methods. Most probably the termite mound originated on the Planosol within the

savanna matrix (see 6.5.3.1)
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6.2.2.1.2 Gentle slope, Lake Mburo National Park

All soil profiles fiom Lake Mburo National Park on gentle slope are very similar (see Fig 29)

although, like m plains a termite mound is present in each thicket clumps But contrary to die

plains on gentle slopes the slightly smaller termite mounds are built by Pseudacanthotermes

(see 6 5 3 1)

fig. 29. Soil profiles from Lake Mburo National Park on gentle slope (tliicket cl N° 6 sav 5)

Thicket clump piofile description (Ferralsol):

+ 2 cm L-honzon litter mostly not decomposed
0-15 cm Ah-honzon diy to slightly moist daik blown (7 5YR3/3 5) sandy loam with

ciumb stiucture roots and organic matter abundant no skelet merging

boundary
15-704 cm AB-horizou slightly moist bright brown (7 5YR4 5/7) sandy clay loam with

slightly aggregated to single-gram structure compact but friable few fine loots

no organic mattei no skelet

Grass savanna piofile description (Ferialsol):

0-25 cm \h-honzon slightly moist dark brown (7 5YR3/4) sandy loam with aggregated

compact structure friable many fine roots organic matter abundant no skelet

merging boundary
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25-125+cm: B-horizon; slightly moist, reddish brown (5YR4.5/8) sandy loam with

aggregated compact structure, friable; few root; no organic matter; no skelet;

very deep.

The FAO - system (FAO/UNESCO/ISRIC 1988) defines Ferralsols as follows:

"Soils having a ferralic B-horizon".

Under the influence of long periods of humid tropical climates, on level to gently undulating

stable land, and under free drainage conditions Ferralsols frequently develop. These soils are

weathered to a great depth, stable (micro-) structured, very porous reddish or yellowish soils,

containing iron and aluminium oxides and have kaolinitic clays. The striking differences of

chemistry and texture between red earth (kaolinite, Ferralsols) and valley soils

(montmorillonite, Planosols/Vertisols) arises largely from the properties of their dominant clays.

Boundaries between horizons are very gradual, the (macro-) structure is weakly developed. The

soils have a low cation exchange capacity, a low pH and very low nutrient reserve accumulated

in the topsoil (Lind & Morrison 1974; Touber & Kanani 1996). No mottling is present.

We define the soil type on gentle slope in Lake Mburo National Park for both vegetation types

as Ferralsol (US - taxonomy Oxisol) although a silt-clay ratio < 0.2 is missing. The soils are

very poor in primary minerals because they have been derived from parent material (shales and

phyllites according to Acen 1995) and are highly weathered and degraded over an immense

period oftime (Lind & Morrison 1974).

6.2.2.1.3 Stony hillside, Kikulula

The soil profile from thicket clump on stony hillside is similar to that of the surrounding

savanna (see Fig. 30) but of darker colour (higher content of organic matter).
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tig. 30. Soil profiles from Kikulula on stony hillside (thicket clump N° 4 and surrounding savanna)

Thicket clump profile description (dystric I eptosol):

0-15 cm Ah-horizon dry dull yellow orange (10YR4/3) clay loam with crumb stmcture

roots and organic matter abundant skelet 0 5 % (wheieof 75 % 0 2 5 cm)

met ging boundary
15-70+ cm A.-horizon dry brown ( 10YR4/6) clay loam with crumb structure roots abundant

few oiganic matter skelet weathered 50 75 % (whereof> "^0 % 0 2 5 cm > 25

°o5 20 cm)

Tree savanna profile description (dystric I eptosol):

0-50cm A-horizon dry dark brown ( 10YR3/4) clay loam with crumb structure many fine

roots tew organic matter skelet 50 7^ °0 (wheieof > 50 °o 5 20 cm > 25

°o 20 cm) quite clear boundary
50-80cm Bfe-honzon dry orange (7 5VR6/8) silty loam with compact but friable structure

few loots skelet highly weathered 7"> % (whereof > 75 % 0 2 5 cm) cleai

boundary
801- cm Cv-honzon dry dull orange (7 5\R7/3 5) strongly weathered parent material no

toots

The FAO system (FAO/UNESCO/ISRIC 1988) defines Leptosols as follows

Soils which are limited in depth by continuous hard rock or highly calcareous material

(calcium carbonate equivalent of moie than 40 %) or a continuous cemented layer within 30 cm

of tlie surface or having less than 20 °o of fine earth over a deptit of 75 cm of the surface
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having no diagnostic horizons other than a molhc, umbnc, or ochnc A-horizon, with or without

a cambic B-horizon'

We define the soil type on stony hillside in Kikulula for both vegetation types as dystric Leptosols

(US -taxonomy Entisol) The parent matenal is composed ofquartzite and shales

These sites are excessively drained, i e die water is lemoved from the profile very rapidly

According to Young (1976) the effects of slopes upon soil formation are direct (erosion) and

indirect (hydrological conditions) Ilie steeper a slope the faster die rate of natural denudation

Tlie erosive power of surface wash increases faster dian linearly wrth increase in slope angle

Tlie fine earth fraction of Leptosols is often relatively fertile (Klotzli, personal communication)

since mainly primary minerals are supplied by the weathering process of the little degraded rock

(Lind & Momson 1974) Temporary agriculture is possible but the risk of loss of soil fertility

due to erosion on these steep slopes is high Any disturbance of tlie natural cover of the soil is

likely to increase die rate of leaching and the ultimate loss of plant nutrients

Leptosols from Burigi have alike vegetation mosaic composed of ducket clumps (semi-

deciduous forests) within a shrub savanna type with ( rossopteni febrifiiga (see Fig 3 1) Tliere

are die following differences in soil properties between stony hillsides in Burigi and Kikulula

(see also Fig 32 and Fig 30 right)

Tlie soil of die Burigi area is deeper with less stony blocks (parent material soft schist), has a

higher pH, a slightly better nutrient status and the texture is lighter (see appendix L)

tig. 31. Typical vegetation mosaic
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Fig. 32. Soil profile from a shrub savanna type with ( rossopterix febrifuga in Burigi (Leptosol)

6.2.2.2 Analytical properties

We present first the chemical and physical data separately, being fully aware that most of die

parameters are interlinked (see 6 2 3) The discussion of die results is based on the average

values of the soil parameters and their standard errors as presented in the 3-dimensional graphs
The statistical results of the two-way analysis of variance aie presented in the chapter 6 2 2 2 3

6.2.2.2.1 Chemical properties

Tlie chemical parameters of thicket clumps and tiieir surrounding savannas on plain, gentle

slope and hillside aie shown in Table 3^ (topsoil) and Table 36 (subsoil) and separately for each

parameter m Fig 33 A-P Most parameters with the exception of Na, K and P vaiy relatively
little what is reflected by the quite low standard erroi Note that the samples have been taken at

the beginning of the dry season before the savannas have been burnt Fire contributes to the

liberation of base cations (Na K
,
Mg' ,

Ca' ) thereby causing a transient increase of these

elements and of the pH Furtheimore fire may also cause a temporary increase of die available

phosphorus (Moss &. Morgan 1970 Trapnell et al 1976, Young 1976, Hogberg 1989, see also

6 3 3 1 )
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Table 35. Chemical properties of the topsoil

Sample Vegetation type pH (H2O)

pH
(CaCI2)

CEC

[mmol/
100g soil]

Base

saturation

f%]

Na

[mg/100g
soil]

K

[mg/100g
soil]

Mg
[mg/100
g soil]

P1 T Thicket clump 5.4 4.8 19.25 61.2 5.04 27.00 58.71

P2T Thicket clump 6.1 5.6 22.59 76.4 1.93 72.08 89.69

P3T Thicket clump 5.4 4.6 16.49 59.8 0.78 72.60 49.91

P4T Thicket clump 6.5 6.0 23.05 82.0 3.78 179.72 82.26

P5T Thicket clump 5.4 4.9 17.51 65.1 12.82 48.76 48.61

P6T Thicket clump 5.2 4.5 16.09 61.5 7.61 33.52 38.14

Average 5.7 5.1 19.16 67.7 5.33 72.28 61.22

Standard error 0.21 0.24 1.24 3.79 1.79 22.83 8.32

P1 S Savanna 4.9 4.0 12.06 22.6 7.62 6.24 13.91

P2S Savanna 5.1 4.1 14.97 32.2 6.50 6.68 24.22

P3S Savanna 4.9 4.0 10.08 31.4 6.52 7.92 15.88

P4S Savanna 5.1 4.1 11.73 24.3 5.32 6.20 13.56

P5S Savanna 4.8 3.9 12.47 25.2 9.04 5.76 13.26

P6S Savanna 4.1 3.8 14.11 32.5 57.80 6.20 11.47

Average 4.8 4.0 12.57 28.0 15.47 6.50 15.38

Standard error 0.15 0.05 0.71 1.83 8.48 0.31 1.86

G1 T Thicket clump 7.1 6.4 13.45 76.1 0.01 53.40 36.36

G2T Thicket clump 6.0 5.4 13.19 64.2 0.01 60.84 26.71

G3T Thicket clump 5.9 5.2 13.12 64.8 0.01 44.00 39.11

G4T Thicket clump 5.5 5.0 11.18 55.0 0.01 47.68 22.86

G5T Thicket clump 5.5 4.8 10.36 49.0 0.01 25.46 23.36

G6T Thicket clump 5.5 5.0 11.07 53.5 0.01 24.40 23.41

Average 5.9 5.3 12.06 60.4 0.01 42.63 28.64

Standard error 0.25 0.24 0.55 4.03 0.00 6.06 2.95

G1 S Savanna 5.5 4.7 8.18 30.0 0.60 27.30 8.71

G2S Savanna 5.1 4.3 7.78 15.7 0.01 24.78 3.56

G3S Savanna 4.4 3.8 8.50 4.1 0.01 7.64 1.54

G4S Savanna 5.1 4.4 9.74 28.3 0.01 19.08 13.46

G5S Savanna 5.1 4.4 8.63 27.0 14.20 11.56 9.36

G6S Savanna 5.1 4.7 8.13 16.3 0.01 17.36 6.26

Average 5.1 4.4 8.49 20.2 2.47 17.95 7.15

Standard error 0.15 0.14 0.28 4.09 2.35 3.07 1.76

H1 T Thicket clump 4.4 3.7 16.64 9.0 1.34 29.96 6.84

H2T Thicket clump 4.3 3.7 17.53 8.2 0.01 22.36 9.24

H3T Thicket clump 4.6 4.0 17.57 25.5 0.48 18.88 16.45

Average 4.4 3.8 17.25 14.2 0.61 23.73 10.84

H1 S Savanna 4.6 4.0 15.88 4.4 0.01 10.16 4.52

H2S Savanna 4.7 4.0 12.87 2.5 0.01 7.18 1.70

H3S Savanna 4.5 4.0 14.49 2.6 0.60 7.86 1.57

Average 4.6 4.0 14.41 3.2 0.21 8.40 2.60
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Sample Ca

[mg/100g
soil]

AI

[mg/100g
soil]

H-ions

[mmol/
100g soil]

C

[mg/100g
soil]

N

[mg/100g
soil]

C/N-ratio

Fe

[mg/100g
soil]

P

[mg/10
Og soil]

P1 T 120.96 16.10 5.68 2340 299 7.8 12.1 0.336

P2T 161.41 8.55 4.28 3440 426 8.0 17.1 0.726

P3T 77.36 15.80 4.88 2790 349 8.0 28.3 0.717

P4T 147.56 6.40 3.44 3250 393 8.3 8.6 0.726

P5T 112.06 8.20 5.20 1760 277 6.4 15.9 0.220

P6T 111.21 14.85 4.56 2065 285 7.1 28.1 0.445

Average 121.76 11.65 4.67 2608 338 7.6 18.4 0.528

Stand.err. 12.13 1.79 0.32 272.2 25.1 0.29 3.34 0.092

P1 S 21.82 30.90 5.92 1510 214 7.1 59.9 0.136

P2S 53.78 24.10 7.16 1650 245 6.8 57.6 0.261

P3S 27.51 19.00 4.80 1560 243 6.4 80.3 0.157

P4S 26.94 22.30 6.40 1920 266 7.2 56.5 0.236

P5S 30.19 19.90 7.12 1480 231 6.4 28.7 0.139

P6S 19.47 23.10 6.96 1380 222 6.2 81.7 0.129

Average 29.95 23.22 6.39 1583 237 6.7 60.8 0.176

Stand.err. 5.03 1.73 0.37 76.5 7.6 0.17 7.91 0.023

G1T 117.66 8.10 2.32 1500 320 4.7 10.4 0.376

G2T 94.46 8.70 3.76 2420 370 6.5 20.1 0.536

G3T 83.26 8.50 3.68 2190 372 5.9 15.5 0.107

G4T 61.16 14.30 3.44 1940 340 5.7 22.1 0.239

G5T 50.06 11.60 4.00 1310 301 4.4 12.8 0.058

G6T 67.56 10.30 4.00 1670 318 5.3 16.4 0.221

Average 79.03 10.25 3.53 1838 337 5.4 16.2 0.256

Stand.err. 10.06 0.97 0.26 172.6 11.9 0.32 1.79 0.072

G1 S 20.26 16.30 3.92 1080 260 4.2 11.3 0.086

G2S 5.86 23.80 3.92 823 232 3.5 11.3 0.117

G3S 0.46 31.60 4.64 853 246 3.5 15.9 0.084

G4S 23.26 25.40 4.16 1280 286 4.5 18.2 0.151

G5S 12.86 20.70 4.00 878 265 3.3 11.7 0.077

G6S 7.36 20.20 4.56 832 247 3.4 12.9 0.063

Average 11.68 23.00 4.20 958 256 3.7 13.6 0.096

Stand.err. 3.59 2.15 0.13 75.3 7.6 0.20 1.17 0.013

H1T 2.06 71.10 7.25 3460 368 9.4 81.7 0.257

H2T 2.26 63.20 9.07 2970 331 9.0 71.9 0.186

H3T 52.56 50.60 7.47 3500 381 9.2 74.5 0.435

Average 18.96 61.63 7.93 3310 360 9.2 76.0 0.293

H1 S 1.36 67.50 7.68 2260 314 7.2 24.3 0.148

H2S 0.38 54.20 6.51 1627 272 5.8 16.7 0.073

H3S 0.48 59.65 7.48 1675 273 6.1 14.5 0.084

Average 0.74 60.45 7.22 1854 286 6.4 18.5 0.102

Note: P = Plain / G = Gentle slope /H = Stony hillside

The sampling numberingforplain and gentle slopefollows the numbering ofthe vegetation relevés, the sample
numbers on hillside (1-3) correspond to the vegetation relevés numbers 4-6 on stony hillside.
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Table 36. Chemical properties of the subsoil

Sample Vegetation type pH (HaO)

pH
(CaCI2)

CEC

[mmol/
100g soil]

Base

saturation

[%]

Na

[mg/100g
soil]

K

[mg/100g
soil]

Mg
[mg/100
g soil]

P1 T Thicket clump 4.9 3.9 21.56 52.4 16.14 21.04 68.51

P2T Thicket clump 5.8 5.2 19.05 70.5 15.68 108.24 70.39

P3T Thicket clump 5.2 4.1 15.53 62.1 12.56 83.34 49.56

P4T Thicket clump 6.2 5.5 17.05 77.6 11.62 153.12 39.91

P5T Thicket clump 5.4 4.9 17.51 65.1 12.82 48.76 48.61

P6T Thicket clump 5.2 4.5 16.09 61.5 7.61 33.52 38.14

Average 5.5 4.7 17.81 64.9 12.74 74.67 52.52

Standard error 0.19 0.26 0.90 3.50 1.26 20.49 5.67

P1 S Savanna 5.2 3.9 22.80 37.5 28.60 13.92 39.76

P2S Savanna 5.3 4.1 16.05 41.2 24.53 7.68 44.56

P3S Savanna 5.4 3.9 17.31 42.5 31.40 9.44 30.91

P4S Savanna 4.8 3.5 18.98 52.2 41.10 15.20 34.01

P5S Savanna 4.7 3.8 21.88 28.1 . 14.68 30.51

P6S Savanna 4.3 3.7 21.05 30.9 73.90 9.08 19.96

Average 5.0 3.8 19.68 38.7 39.91 11.67 33.29

Standard error 0.17 0.08 1.09 3.55 8.15 1.34 3.47

G1 T Thicket clump 4.8 4.0 9.74 20.9 0.01 48.48 9.60

G2T Thicket clump 4.8 4.0 8.59 23.5 1.33 50.56 7.99

G3T Thicket clump 5.6 4.8 8.18 52.1 0.22 63.64 21.10

G4T Thicket clump 5.0 4.0 7.14 26.1 0.01 41.80 9.62

G5T Thicket clump 5.6 5.0 5.37 36.7 1.88 46.46 -

G6T Thicket clump 4.8 4.0 8.29 14.7 0.01 28.38 5.62

Average 5.1 4.3 7.89 29.0 0.58 46.55 10.79

Standard error 0.16 0.19 0.61 5.48 0.33 4.71 2.45

G1 S Savanna 5.0 4.2 8.82 7.4 0.01 7.54 4.77

G2S Savanna 4.7 4.0 8.42 4.2 0.01 4.56 2.72

G3S Savanna 4.4 3.9 10.53 13.0 0.01 4.22 15.36

G4S Savanna 5.0 4.1 9.48 4.3 0.01 4.58 3.26

G5S Savanna 4.9 4.1 8.54 4.0 0.01 4.06 2.47

G6S Savanna 4.8 4.1 8.23 3.1 0.01 3.70 1.71

Average 4.8 4.1 9.00 6.0 0.01 4.78 5.05

Standard error 0.09 0.04 0.35 1.52 0.00 0.57 2.10

H1 T Thicket clump 4.4 3.7 15.40 5.2 0.82 26.78 1.03

H2T Thicket clump 4.5 4.0 7.03 14.7 0.19 5.71 2.26

H3T Thicket clump 5.6 4.0 17.57 25.5 0.48 18.88 16.45

Average 4.8 3.9 13.33 15.1 0.50 17.12 6.58

H1 S Savanna 5.0 4.3 5.34 2.0 0.01 2.48 0.25

H2S Savanna 4.7 4.1 13.63 1.9 1.08 7.60 0.19

H3S Savanna 4.7 4.0 12.06 1.0 0.16 3.48 0.22

Average 4.8 4.1 10.34 1.6 0.42 4.52 0.22
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Sample

Ca

[mg/100g
soil]

AI

[mg/100g
soil]

H-ions

[mmol/
100g soil]

C

[mg/100g
soil]

N

[mg/100g
soil]

C/N-ratio

Fe

[mg/100g
soil]

P

[mg/100
g soil]

P1 T 88.36 29.10 7.04 989 230 4.3 35.9 0.055

P2T 82.41 8.75 4.72 1108 240 4.6 10.3 0.146

P3T 58.46 12.80 4.48 634 216 3.2 11.5 0.072

P4T 110.66 5.60 3.20 1810 277 6.5 7.5 0.259

P5T 112.06 8.20 5.20 1760 277 6.4 15.9 0.220

P6T 111.21 14.85 4.56 2065 285 7.1 28.1 0.445

Average 93.86 13.22 4.87 1403 254 5.4 18.2 0.200

Stand.err. 8.81 3.45 0.51 224.1 11.9 0.63 4.61 0.059

P1 S 73.56 48.60 8.85 962 222 4.3 40.7 0.061

P2S 32.31 24.85 6.75 823 215 3.8 26.8 0.045

P3S 64.06 30.10 6.61 936 222 4.2 32.5 0.034

P4S 98.86 21.20 6.72 1170 228 5.1 29.7 0.045

P5S 65.26 54.30 9.71 1280 243 5.3 25.3 0.042

P6S 28.51 50.20 8.96 1050 272 3.9 45.3 0.025

Average 60.43 38.21 7.93 1037 234 4.4 33.4 0.042

Stand.err. 10.79 5.90 0.57 67.9 8.6 0.26 3.26 0.005

G1 T 0.15 20.40 5.44 586 226 2.6 9.5 0.040

G2T 0.16 17.00 4.68 628 228 2.8 7.8 0.091

G3T 17.80 4.30 3.44 730 250 2.9 7.8 0.037

G4T 0.07 15.80 3.52 644 235 2.7 12.2 0.060

G5T 14.02 5.40 2.80 588 241 2.4 7.1 0.030

G6T 0.67 19.70 4.88 529 247 2.1 6.8 0.044

Average 5.48 13.77 4.13 618 238 2.6 8.5 0.050

Stand.err. 3.34 2.91 0.42 27.8 4.0 0.12 0.83 0.009

G1 S 1.43 27.40 5.12 580 223 2.6 5.8 0.032

G2S 0.19 29.40 4.80 385 220 1.8 8.6 0.052

G3S 0.01 29.10 5.92 416 235 1.8 7.2 0.038

G4S 0.51 31.20 5.60 413 214 1.9 6.3 0.043

G5S 0.70 28.40 5.04 389 223 1.7 8.9 0.042

G6S 0.40 27.10 4.96 430 208 2.1 6.9 0.041

Average 0.54 28.77 5.24 436 221 2.0 7.3 0.041

Stand.err. 0.20 0.61 0.17 29.7 3.7 0.14 0.51 0.003

H1T 0.01 63.70 7.52 2400 288 8.3 44.1 0.642

H2T 7.57 22.20 3.84 615 215 2.7 9.2 0.049

H3T 52.56 50.60 7.47 3500 381 9.2 74.5 0.435

Average 20.05 45.50 6.28 2172 295 6.7 42.6 0.375

H1 S 0.06 19.85 3.04 259 196 0.9 1.0 0.020

H2S 0.01 57.00 7.04 678 220 3.1 1.9 0.020

H3S 0.15 51.30 6.24 765 215 3.6 3.8 0.020

Average 0.07 42.72 5.44 567 210 2.5 2.2 0.020

Note: P = Plain / G = Gentle slope /H = Stony hillside

The sampling numberingforplain and gentle slopefollows the numbering ofthe vegetation relevés, the sample
numbers on hillside (1-3) correspond to the vegetation relevés numbers 4-6 on stony hillside.
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Soil acidity (pH H20 and CaCl2)

The effective soil acidity is part of the total acidity which includes the rT-ions in the soil

solution and the adsorbed FT and exchangeable Al-ions. Tropical soils are often very acidic,
since the soils are mostly rather old and the degree of leaching is very advanced due to the

humid climate. The effective soil acidity directly or indirectly influences the physico-chemical
and biological soil properties, including plant growth. It influences, e.g., the availability of

nutrients, the air and water household or may influence the concentration of aluminium

(problem oftoxicity).

PH(H20)

Plain Gentle slope Hillside

Fig. 33 A. pH(H20), topsoil
Thicket Clump (Plain: SE = 0.21; Gentle slope: SE = 0.25)

B Savanna (Plain: SE = 0.1S; Gentle slope: SE = 0.1S)

Fig. 33 A. pH(H20), subsoil

Thicket Clump (Plain: SE = 0.19; Gentle slope: SE = 0.16)

3 Savanna (Plain: SE = 0.17; Gentle slope: SE = 0.09)

Fig. 33 A. Soil acidity pH H20
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pH(CaCI2)

pH

6.00

5.00

4.00

3.00

2.00

1.00

0.00
Plain Gentle slope Hillside

Fig. 33 B. pH(CaCI2), topsoil

Thicket Clump (Plain: SE = 0.24; Gentle slope: SE = 0.24)

M Savanna (Plain: SE = 0.05; Gentle slope: SE = 0.14)

pH(CaCI2)

pH

5.00

4.00

3.00

2.00

1.00

0.00

Fig. 33 B. pH(CaCI2), subsoil

Thicket Clump (Plain: SE = 0.26; Gentle slope: SE = 0.19)

M Savanna (Plain: SE = 0.08; Gentle slope: SE = 0.04)

Fig. 33 B. Soil acidity pH CaCl2

We found the following results (see Fig. 33 A and B):

a) The pH-values of the aqueous extracts are always at least 0.6 units higher than those of the

salt extract.

b) The pH in thicket clumps on plain and gentle slope are higher than the pH in the

surrounding savannas both in top- and subsoils.

c) The pH ofthicket clumps on stony hillside is equal or slightly lower both in top- and subsoil

than that ofthe surrounding savannas; pH on hillside is strongly acid and highest.
d) Differences in top- and subsoil do not show a uniform pattern.

e) The pH-values (H20) from savannas on plain are moderately (pH 5 - 6) to strongly acid

(pH4-5).

Plain Gentle slope Hillside
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Result b) may be due to the fact that thicket clumps on plain and gentle slope have higher

termite activity than the surrounding savannas (see 6.5.3.1) leading to more rapid decomposition

of organic matter. Result c) may be due to the fact that thicket clumps on stony hillsides have a

very low termite activity, which is even lower than that of the surrounding savanna (grass-

feeding termites, see 6.5.3.2). Many Vertisols and Planosols show a higher pH (pH 6 - 8), due

to their calcareous parent material, than show our savanna soils from plain (result e).

Cation exchange capacity (CEC)

All cations are bound on negatively charged soil particles. The sum of the exchangeable cations

is called the cation exchange capacity (CEC), expressed in mmol/lOOg measured at pH 4.65 of

the soil extract. As we did not determine the CEC at natural pH, the terms CEC and base

saturation (see below) are therefore used in the text to refer to what are more correctly called

apparent CEC and apparent base saturation (Young 1976). The CEC value is composed of the

sum of the nutrients Na, K, Mg, Ca and the sum of FT and AI. CEC relates to the quantity and

quality of the clay minerals, the quantity of organic matter, the free oxides and FT

concentration.
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CEC

mmol/100g soil

Plain Gentle slope Hillside

Fig. 33 C. Cation exchange capacity, topsoil
Thicket Clump (Plain: SE = 1.24; Gentle slope: SE = 0.5S)

û Savanna (Plain: SE - 0.71; Gentle slope: SE = 0.28)

Fig. 33 C. Cation exchange capacity, subsoil

Thicket Clump (Plain: SE = 0.90; Gentle slope: SE = 0.61)

B Savanna (Plain: SE = 1.09; Gentle slope: SE = 0.35)

Fig. 33 C. Cation exchange capacity

Thicket clumps show higher CEC-values in topsoil than do savannas (see Fig. 33 C). In the

subsoil savanna values are higher with the exception of hillside. Differences in top- and subsoil

do not show a uniform pattern. The high CEC-value of savanna subsoil on plain is mainly the

result of the high Na-value and the increased K-, Mg- and Ca-values. The high CEC-values of

the savanna subsoil on plain reflect also the high accumulation of montmorillonite (2:1 lattice

clay) in the Bt - horizon (typical for Planosols). The CEC of the clay fraction is very high for

Montmorillonite (80-150 me/100 g clay according to Young 1976).
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Base saturation

Na, K, Mg, Ca are also called exchangeable bases, since the pH ofthe soil frequently increases

with increasing amount of the bases. As base saturation is defined the portion of the bases in

percent ofthe CEC. The exchangeable bases are adsorbed onto the negatively-charged surfaces

of clay minerals and clay-humus molecules (Young 1976). Na, K, Mg, Ca are lost from the

ecosystem mainly by leaching. Therefore the base saturation decreases with increasing rainfall,
and is an index of weathering intensity (Scholes & Walker 1993). Towards the dry extreme of

savannas, the soil frequently contains bases in excess of CEC. The excess salts appear in the soil

as precipitates: calcium carbonate nodules, calcrete layers, saline or sodic horizons. At the wet

end of the savanna range, the highly weathered soils of old erosional surfaces are

characteristically acid. The CEC is dominated by FT and aluminium, with the base saturation

typically below 20 %.

Base saturation

Plain Gentle slope Hillside

Fig. 33 D. Base saturation, topsoil
Thicket Clump (Plain: SE = 3.79; Gentle slope: SE = 4.03)

3 Savanna (Plain: SE = 1.83; Gentle slope: SE = 4.09)

Fig. 33 D. Base saturation, subsoil

D Thicket Clump (Plain: SE = 3.50; Gentle slope: SE = 5.48)

EH Savanna (Plain: SE =3.55; Gentle slope: SE = 1.52)

Fig. 33 D. Base saturation
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Base saturation values of thicket clumps are always considerably higher than those of the

respective surrounding savannas, both in top- and subsoil (see Fig. 33 D). The values from

plains are always the highest, those from the hillside the lowest (with an exchange complex
almost completely saturated with tf and aluminium) what strongly correlates with the

respective pH-values. Differences in top- and subsoil do not show a uniform pattern.

Cations nutrients

Na, K, Mg, Ca are essential plant nutrients. They are readily lost even under moderate leaching
intensities since they are highly soluble (Young 1976), in particular the univalent cations

(Trapnell et al. 1976).

Na

Plain Gentle slope Hillside

Fig. 33 E. Sodium, topsoil
Thicket Clump (Plain: SE = 1.79; Gentle slope: SE = 0.00)

ü Savanna (Plain: SE = 8.48; Gentle slope: SE = 2.35)

mg/100g soil

Na

40.00

30.00-

20.00-

10.00-

0.00- rf^p

Plain Gentle slope Hillside

Fig. 33 E. Sodium, subsoil

Thicket Clump (Plain: SE = 1.26; Gentle slope: SE = 0.33)

H Savanna (Plain: SE = 8.15; Gentle slope: SE =0.00)

Fig. 33 E. Sodium
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K

mg/100g soil

Plain Gentle slope Hillside

Fig. 33 F. Potassium, topsoil
Thicket Clump (Plain: SE = 22.83; Gentle slope: SE = 6.06)

S Savanna (Plain: SE = 0.31; Gentle slope: SE = 3.07)

Fig. 33 F. Potassium, subsoil

Thicket Clump (Plain: SE = 20.49; Gentle slope: SE = 4.71)

S Savanna (Plain: SE = 1.34; Gentle slope: SE = 0.57)

Fig. 33 F. Potassium
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Mg

mg/100g soil

Plain Gentle slope Hillside

Fig. 33 G. Magnesium, topsoil
Thicket Clump (Plain: SE = 8.32; Gentle slope: SE = 2.95)

S Savanna (Plain: SE = 1.86; Gentle slope: SE = 1.75)

Fig. 33 G. Magnesium, subsoil

g Thicket Clump (Plain: SE = 5.67; Gentle slope: SE = 2.45)

Savanna (Plain: SE = 3.47; Gentle slope: SE =2.10 )

Fig. 33 G. Magnesium
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Ca
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Fig. 33 H. Calcium, topsoil
Thicket Clump (Plain: SE = 12.13; Gentle slope: SE =

3 Savanna (Plain: SE = 5.03; Gentle slope: SE = 3.59)
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Plain Gentle slope Hillside

Fig. 33 H. Calcium, subsoil

Thicket Clump (Plain: SE = 8.81; Gentle slope: SE = 3.34)

Savanna (Plain: SE = 10.79; Gentle slope: SE = 0.20)

Fig. 33 H. Calcium

Thicket clumps on all relief show considerably higher values for K, Mg and Ca in top- and

subsoil than savannas (see Fig. 33 E-G). This result could be due a) to the bigger rooting depth
of woody plants in thicket clumps increasing thereby the content of available mineral nutrients

in the system and b) to a comparatively low leaching rate. The values from the plain tend to be

the highest, those from hillside the lowest. Topsoil values for K, Mg and Ca tend to be higher
than subsoil values with the main exception of Kikulula plain which shows systematic higher
values of K, Mg and Ca in the subsoil due to the Bt-horizon ofthe Planosol.

The Na-content of the savanna on plain is quite high both in the top- and subsoil. This may be

explained by upward translocation ofNa+ during the dry season. It is important to note that Na-

values vary the most (see average values and their standard error in Table 35 and 36).
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Al-ions and fif-concentration

Al and FT- concentration directly correlate in soils, what is confirmed by our data. Thicket

clumps on plain and gentle slope have lower Al and If"- values than savannas, both in top- and

subsoil (see Fig. 33 I and K). Al and Ff- values of subsoils on plain and gentle slope are higher
than those of the topsoils in both vegetation types. However, on hillside the highest
concentration of Al and Ff is found in topsoils.

Also on stony hillside the Al and Ff-values ofthicket clumps and savannas are highest and very

similar. The high Al-values on hillside may be the result of the adjacent regolith, which

continuously supplies the Al-ions. High concentration of Al-ion below pH (H20) < 4.0 (Klotzli,

personal communication) may impede plant growth.

Al

mg/100g soil

Plain Gentle slope Hillside

Fig. 33 I. Aluminium, topsoil
Thicket Clump (Plain: SE = 1.79; Gentle slope: SE = 0.97)

H Savanna (Plain: SE = 1.73; Gentle slope: SE = 2.15)

Fig. 33 I. Aluminium, subsoil

Thicket Clump (Plain: SE = 3.45; Gentle slope: SE = 2.91)

B Savanna (Plain: SE = 5.90; Gentle slope: SE = 0.61)

Fig. 33 I. Aluminium ions
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H-ions

mmol/100g soil

Plain Gentle slope Hillside

Fig. 33 K. H-ions, topsoil
Thicket clump (Plain: SE = 0.32; Gentle slope: SE = 0.26)

3 Savanna (Plain: SE = 0.37; Gentle slope: SE = 0.13)

Fig. 33 K. H-ions, subsoil

Thicket Clump (Plain: SE = 0.51; Gentle slope: SE = 0.42)

M Savanna (Plain: SE = 0.57; Gentle slope: SE = 0.17)

Fig. 33 K. Ff-concentration

Total carbon and nitrogen, C/N - ratio

Soil organic matter depends mainly on plant cover, rainfall and temperature, but also on clay

content, and nutrient status (Anderson & Herlocker 1973). The rate of supply of dead plant material

is the major influence of vegetation on soil properties (Young 1976). Topsoil organic matter bears

a direct relation to the vegetation type. Organic matter is an important reservoir for plant

nutrients, serves as substrate for microorganisms and influences the field capacity. In sandy soils

the field capacity is essentially determined by the organic matter. Carbon and nitrogen are

positively correlated with organic matter and with each other (Young 1976).

The mean organic matter oftop- and subsoil for thicket clumps is 10.3 % (n = 16; s = 5.92) and 5.1

% (n = 15; s = 2.2) respectively. As expected (Young 1976) these values are higher than the mean

values ofthe savannas 4.3 % (n = 18; s = 1.15) and 4.1 % (n = 16; s = 2.11). Recurrent fires in the
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savannas diminish the aboveground standing crop and thereby the source ofthe soil organic matter

(and of C and N contents, De Rham 1970; Young 1976; Hogberg 1989). In thicket clumps the

organic matter is accumulated in the topsoil what is typical for a forest formation. Tree savannas

from Burigi have in the average an organic matter content in the top- and subsoil of 6.5 and 5.0 %,

respectively. Young (1976) gives as typical organic matter values 2 - 5% under rainforests and 1 -

2% in savannas which are clearly below our values.

Plain Gentle slope Hillside

Fig. 33 L Carbon, topsoil
Thicket Clump (Plain: SE = 272.2; Gentle slope: SE = 172.(

S Savanna (Plain: SE = 76.5; Gentle slope: SE = 75.3)
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Plain Gentle slope Hillside

Fig. 33 L. Carbon, subsoil

Thicket Clump (Plain: SE = 224.1 ; Gentle slope: SE = 27.8)

3 Savanna (Plain: SE = 67.9; Gentle slope: SE = 29.7)

Fig. 33 L. Total carbon

Total carbon content in the soil is more or less decomposed dead plant material, dead animal

substance and the very resistant humic acids. Thicket clumps on all relief show a higher C-value

in top- and subsoil than do show savannas (see Fig. 33 L). The highest values are found in

thicket clumps on hillside, reflecting their advanced forest character. In general the topsoil C-

values are about twice the C-values in the subsoil. Tree savannas from Burigi have in the

average a distinct higher C-value in the top- and subsoil with 3230 and 1980 mg/100 g soil,

respectively. Anderson & Herlocker (1973) found C-values of 2025 and 1540 mg/100 g soil,
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thicket clumps on hillside, reflecting their advanced forest character. In general the topsoil C-

values are about twice the C-values in the subsoil. Tree savannas from Burigi have in the

average a distinct higher C-value in the top- and subsoil with 3230 and 1980 mg/100 g soil,

respectively. Anderson & Herlocker (1973) found C-values of 2025 and 1540 mg/100 g soil,

respectively, for top- and subsoil of a Vertisol in the Ngorongoro Crater in Tanzania. These

values are higher than those from our Planosol with Vertisol characteristics from savanna plain.
On the other hand, Anderson & Talbot (1965) found a C-value of 1430 mg/100 g soil for the

topsoil of a Vertisol in the Serengeti, Tanzania which are similar to our values from savanna

plain. Young (1976) analysed the soil properties at the forest-savanna boundary in the Western

State of Nigeria. Forest and savanna soils belong both to the same series having the same

horizon sequences and no more internal variation than that normally permissible for a series.

However, savanna soils have a lower carbon content in the fine earth fraction (topsoil 0.9%)

than forest soils (topsoil 1.5%).

Regoliths have essentially no nitrogen. The nitrogen content depends on the climate, soil

texture, relief and exploitation (Young 1976). Soil nitrogen stems from the air (direct chemical

reactions in the air) and is reduced/oxidised through microorganisms (mineralisation) in the soil.

Nitrogen sources by nitrogen-fixing root nodules (nitrification by bacteria) from leguminous

species (e.g., Dichrostachys cinerea, many acacias as e.g., Acacia hockii) and to a lesser degree

from mycorrhizae (symbiotic fungi associated with the root; important also for phosphorus, see

below) are often crucial for plant gowth and for maintenance and restoration of soil fertility

(Högberg 1986a, 1986b, 1989, 1992; Scholes & Walker 1993). The increasing proportion of

nodulated trees along the gradient from humid to arid areas is clearly negatively correlated with

the nitrogen content ofthe soils. Generally, savannas contain more nodulated trees than adjacent

forests or Miombo woodlands (Hogberg 1986b).

Rarely, there is a direct relationship between total N and the nitrogen available to plants.

Nitrogen availability is strongly influenced by phosphorus availabüity (Högberg 1986a). Most

of the nitrogen is fixed in the topsoil and plants assimilate nitrogen mainly in the form of N03"

and NH/. Nitrogen is the major limiting nutrient to plant growth (Huntley & Walker 1982).

High nitrogen levels may lead to vigorous grass growth (Anderson & Talbot 1965). Bate &

Gunten (1982) demonstrated the remarkable variation in both total nitrogen and forms of

nitrogen, which occur both spatially and temporally in a Burkea savanna in South Africa. In the

Nylsvley savanna in South Africa the nitrogen uptake is dominated by the woody plants

(Scholes & Walker 1993).
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N

mg/100gsoil

Plain Gentle slope Hillside

Fig. 33 M. Nitrogen, topsoil
Thicket Clump (Plain: SE = 25.1; Gentle slope: SE = 11.9)

3 Savanna (Plain: SE = 7.6; Gentle slope: SE = 7.6)

Fig. 33 M. Nitrogen, subsoil

Thicket Clump (Plain: SE = 11.9; Gentle slope: SE = 4.0)

& Savanna (Plain: SE = 8.6; Gentle slope: SE = 3.7)

Fig. 33 M. Nitrogen

Thicket clumps on all reliefs show a similar and slightly higher N-value in top- and subsoil than

do savanna (see Fig. 33 M), which is a typical difference between forest and savanna soils (De
Rham 1970; Young 1976; Högberg 1989). Hillside show the highest N-values (see 6.2.2.1.3).

Topsoils have systematically a slightly higher N-value than subsoils. Dung accumulation in

thicket clumps from numerous mammals (see chapter herbivory) may contribute to the higher
N-values in thicket clumps. A lower leaching rate (thicket clumps) disfavour N-loss.

The C/N - ratio may be indicative for the quality and quantity of micro-organisms in the soil

and thereby for the rate of decomposition of organic matter (Gisi et al. 1997). The C/N - ratio

does not exceed 10 and is systematically higher in thicket clumps than in savannas (see Fig. N).
The highest values are measured in thicket clumps on hillside. The higher C/N - ratio of the

thicket clumps reflects a larger proportion of not decomposed organic matter. In fact the high

proportion of slowly degradable plant material, like, e.g., leafs and woody material, decreases
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the rate of decomposition. Subsoil values are systematically lower what may be explained by
the more decomposed material.

C/N-ratio

Plain Gentle slope Hillside

Fig. 33 N. C/N-ratio, topsoil
Thicket Clump (Plain: SE = 0.29; Gentle slope: SE = 0.32)

M Savanna (Plain: SE = 0.17; Gentle slope: SE = 0.20)

Fig. 33 N. C/N-ratio, subsoil

Thicket Clump (Plain: SE = 0.63; Gentle slope: SE = 0.12)

M Savanna (Plain: SE = 0.26; Gentle slope: SE = 0.14)

Fig. 33 N. C/N - ratio

Odu & Vine (1968) and Sys (1976) reported C/N ratios of 10 to 12.7 for savanna soils in the

Northern Guinean and Sudanian Zones (500 - 900 mm mean annual rainfall). Askew et al.

(1970) reported a mean C/N ratio of 11.2 for savanna soils in Mato Grosso where the rainfall

was 1370 mm in 1968. Frankart (1954) found C/N ratios of 13.7 and 9.0 for top- and subsoil,

respectively, for a grass savanna type with Themeda triandra and Bothriochloa insculpta in the

Bugesera area of southern Rwanda. These savannas show a less rapid turnover of soil organic

matter than the values of our studied sites. High termite activities may favour the more rapid

decomposition of organic matter in the Kagera Region. These low C/N ratios are in favour of a

good nitrogen availability.
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Iron

Iron occurs in the soil mainly in the oxidised form (e.g. Fe(OH)3). Iron is a micronutrient,

existing in much lower amount than the macronutrients (N, P, Na, K, Mg, Ca). Iron is taken up

by plants as cation Fe2+ / Fe3+. Total iron content is very high in most tropical soils. The

seasonal alternation of intense weathering under moist conditions with drying out and

consequent oxidation of iron compounds makes rubéfaction a characteristic process (Buringh
1979).

Fe
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Fig. 33 O. Iron, topsoil
Thicket clump (plain: SE = 3.34; Gentle slope: SE = 1.79)

M Savanna (Plain: SE = 7.91 ; Gentle slope: SE = 1.17)
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Fig. 33 O. Iron, subsoil

Thicket Clump (Plain: SE = 4.61; Gentle slope: SE = 0.83)

H Savanna (Plain: SE = 3.26; Gentle slope: SE = 0.51)

Fig. 33 O. Iron

The Fe-contents in top- and subsoil do not show any tendency neither in function of vegetation
nor relief, but the Fe-values are systematically higher in the topsoil (see Fig. 33 O). The

obviously high Fe-content of top- and subsoil in savanna on plain is due to impeded drainage

y s 1

z
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obviously high Fe-content of top- and subsoil in savanna on plain is due to impeded drainage

which produces ferric iron mottles. The high Fe-contents in thicket clumps on hillside are

probably due to the weathering process of the adjacent regolith, which continuously supplies Fe-

ions. In savannas on hillside the weathering products (iron) are more rapidly leached.

Phosphorus

Phosphorus content of natural soils very much depends on the parent material and the degree of

weathering and leaching. Phosphorus occurs in soils always as orthophosphate either as salt or

adsorbed to the surface of clay minerals and humic acid complexes. The low difrusivity and

concentration of phosphate-ions in the soil solution (low solubility) results in rapid development

of phosphate-depleted zones around the roots. This is one reason why plants are continuously

forced to replace their fine root network: new soil must be explored in order to satisfy the

plant's phosphorus requirements (Scholes & Walker 1993). Plants take up phosphorus mainly in

the form of (H2P04)". The phosphorus availability for plants is very low, e.g., in the Nylsvley

savanna in South Africa only 5 % of the total soil phosphorus is available to the plants in the

short term (Scholes & Walker 1993). Furthermore, there is a high spatial variability of

phosphorus (Pagel 1982; Scholes & Walker 1993) and its availability is also dependent on the

soil reaction (Högberg 1986b). According to Högberg (1986b, 1992) mycorrhizae may enhance

the plant uptake of phosphorus and water. Phosphorus and nitrogen are important elements of

vegetation structure and often limit plant production in the tropics (Högberg 1986a; Scholes &

Walker 1993). According to Montgomery &Askew (1983) phosphorus deficiency may prohibit

forest spread. However, phosphorus is relatively difficult to measure and has been extracted by

a diversity of methods, rendering difficult correct comparisons of results (Young 1976; Scholes

&Wakerl993).
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0.00
Plain Gentle slope Hillside

Fig. 33 P. Phosphorous, topsoil
Thicket Clump (Plain: SE = 0.092; Gentle slope: SE = 0.072)

M Savanna (Plain: SE = 0.023; Gentle slope: SE = 0.013)
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Fig. 33 P. Phosphorous, subsoil

Thicket Clump (Plain: SE = 0.059; Gentle slope: SE = 0.009)

Ü Savanna (Plain: SE = 0.005; Gentle slope: SE = 0.003)

Fig. 33 P. Phosphorus

Thicket clumps have systematically a higher P-content in top- and subsoil than do the

surrounding savannas (see Fig. 33 P) what is not unexpected given the positive correlation

between organic matter and P-availability (Högberg 1992). The higher P-content in thicket

clumps may be the result of dung accumulation and a slow leaching rate compared with that in

savannas. Topsoil P-values are systematically higher than those of the subsoil with the

exception ofthicket clumps on hillside where the subsoil value is higher. Individual P-values for

top- and subsoil varies a lot more than those of the savanna (see average values and their

standard error in Table 35 and 36).
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6.2.2.2.2 Physical properties

The processes of nutrient mineralisation, transport to the roots and uptake are water-dependent.
Since periodic water stress is a typical feature of savannas, soil physics is an especially

important determinant of savannas (Scholes & Walker 1993).

Texture

The proportion of grain size classes is defined as texture. The siltxlay ratio tends to decrease

with increase in rainfall (Young 1976). On a given site texture is a rather stable soil property

(but see below and 6.5.4). Vegetation boundaries are more often associated with textural

changes than with chemical changes (Scholes & Walker 1993). Ofall soil properties texture and

type of clay mineral have the strongest influence on other soil properties, affecting organic

matter, cation exchange capacity, porosity (profile drainage) and water holding capacity (Young

1976). Texture (and in particular clay chemistry) is an important factor for defining soil fertility

(Scholes & Walker 1993). Plastic 2:1 lattice clay as e.g., montmorillonite (typical for black

cotton soils) has a considerably higher CEC of the clay fraction than 1:1 lattice clay as e.g.,

kaolinite (see 6.2.2.1.2). Kaolinite-dominated soils (e.g., Ferralsols) develop under conditions of

high leaching quite heavy texture but are not plastic (Milne 1937; Young 1976). They behave

hydrologically like sands, due to the aggregation ofthe clay particles (Scholes & Walker 1993).

Slope angle, through its influence on the rate of natural erosion, affects two sets of properties:
those associated with weathering of rock to fine material, namely profile depth, stoniness and

texture, and those related to stage of weathering, namely content of weatherable minerals and to

a minor extent clay mineral type. The rate of leaching is favoured by a light texture (Young

1976).

Considering the three main textural classes (coarse, medium and fine textured) most sites are

medium textured for both top- and subsoil (see Table 37). Exceptions are thicket clumps on

plain (top- and subsoil) and on stony hillside (topsoil) which are medium to fine textured and

the savanna subsoil on plain which is fine textured.

Savanna subsoils on plain have the highest clay content due to the clay accumulation of the Bt-

horizon. On the other hand, savanna topsoils on plain have a low clay content. Thicket clumps

on plain have a higher clay and a lower sand content in the topsoil than do have the savannas.

This result is most probably due to termite activities, as discussed in chapter 6.5.4.

Thicket clumps and their surrounding savannas on gentle slope and hillside show similar

particle-size distribution for top- and subsoil. Only the topsoil of thicket clumps on hillside has

a higher clay and lower sand content than the surrounding savannas. This result is probably due

to important surface flow on hillside and leaching. Thicket clumps and their surrounding

savannas on gentle slope have a remarkably low silt content (typically for Ferralsols) and a high
sand content in the top- and subsoil.
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Table 37. Texture of thicket clumps and their surrounding savannas

Topsoil

Sample Vegetation type Clay in % Silt in % Sand in %

P1 T Thicket clump 41.5 41.2 17.3

P2T Thicket clump 31.8 44.9 23.3

P3T Thicket clump 33.2 50.9 15.9

Average 35.5 45.7 18.8

P1 S Savanna 20.1 49.5 30.4

P2S Savanna 18.7 46.0 35.3

P3S Savanna 20.7 32.2 47.1

Average 19.8 42.6 37.6

G1 T Thicket clump 20.6 4.7 74.7

G2T Thicket clump 16.6 14.9 68.5

G3T Thicket clump 12.8 15.4 71.8

Average 16.7 11.7 71.7

G1 S Savanna 16.1 5.2 78.7

G2S Savanna 29.3 6.5 64.2

G3S Savanna 12.7 9.8 77.5

Average 19.4 7.2 73.5

H 1 T Thicket clump 29.3 25.6 45.1

H2T Thicket clump 39.0 34.7 26.3

H3T Thicket clump 38.1 46.4 15.6

H4T Thicket clump 38.7 25.7 35.6

H5T Thicket clump 33.9 23.3 42.8

Average 35.8 31.1 33.1

H 1 S Savanna 24.6 19.6 55.8

H2S Savanna 30.5 36.3 33.2

H3S Savanna 29.8 45.6 24.6

H4S Savanna 27.5 27.8 44.7

H5S Savanna 33.1 25.2 41.7

Average 29.1 30.9 40.0
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Subsoil

Sample Vegetation type Clay in % Silt in % Sand in %

P1 T Thicket clump 41.5 41.2 17.3

P2T Thicket clump 31.8 44.9 23.3

P3T Thicket clump 33.2 50.9 15.9

Average 35.5 45.7 18.8

P1 S Savanna 49.5 32.0 18.5

P2S Savanna 41.3 38.7 20.0

P3S Savanna 61.6 22.3 16.1

Average 50.8 31.0 18.2

G1 T Thicket clump 25.4 4.4 70.2

G2T Thicket clump 12.5 7.5 80.0

G3T Thicket clump 20.3 8.7 71.0

Average 19.4 6.9 73.7

G1 S Savanna 29.7 4.9 65.3

G2S Savanna 26.2 4.1 69.7

G3S Savanna 14.2 8.7 77.1

Average 23.4 5.9 70.7

H1 T Thicket clump 28.9 20.2 50.9

H2T Thicket clump 35.0 30.3 34.7

H3T Thicket clump 36.1 52.7 11.2

H4T Thicket clump 38.2 25.6 36.2

Average 34.6 32.2 33.3

H1 S Savanna 28.9 20.1 51.0

H2S Savanna 32.9 50.5 16.6

H3S Savanna 32.0 41.8 26.2

H4S Savanna 20.4 54.2 25.4

H5S Savanna 29.5 29.0 41.5

Average 28.7 39.1 32.1

Note: P = Plain/G = Gentle slope/H = Hillside

The proportion of skelet plays an important role for the tree-grass ratio (Walter 1973; Götz 1975;

Gillet et al. 1998). According to Belsky (1990) trees are the dominant life forms on granitic

outcrops (often called kopjes or inselbergs). Planosols and Ferralsols are free of skelet whereby

the proportion of skelet in Leptosols is high with 60-90 % ofthe soil matrix in both vegetation

types. The skelet is mostly composed of stones (5-20 cm) and stony blocks (> 20 cm) whereby the

skelet in case of shales is highly weathered and friable. The topsoil ofthicket clumps has a slightly
lower proportion of skelet due to the more abundant humus in this forest formation. The proportion
of skelet for the subsoil ofthicket clumps and their surrounding savannas is very similar due to the

same parent material and relief.
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Bulk density

The bulk density is closely linked with porosity and defines the rooting depth. Gisi et al. (1997)
used the following classification for the density ofthe fine earth fraction (g/cm3):

< 0.9: very loose, plants have difficulties to get a strong hold;
0.9 - 1.4: easily penetrated by roots;

1.4 - 1.8: hardly penetrated by roots;
> 1.8 : extremely compacted, roots usually unable to penetrate.

bulk density

Plain 899 1216 GS 1218 1468 Hillside

Fig. 34. Bulk density, topsoil
Thicket Clump (Plain: SE = 33.9; Gentle slope: SE = 24.8)

M Savanna (Plain: SE = 18.2; Gentle slope: SE = 24.8)

Fig. 34. Bulk density, subsoil

Thicket Clump (Plain: SE = 66.3; Gentle slope: SE = 17.36)

9 Savanna (Plain: SE = 36.2; Gentle slope: SE = 22.8)

Fig. 34. Bulk density

In Fig. 34 the bulk density is presented Ç'Stechzylindermethode"). Thicket clumps have a lower

bulk density in both top- and subsoils than do have savannas. The loose structure of thicket

clump soils, in particular on plain, is certainly partly due to termite activities. The densest soils
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occur on savanna topsoils on gentle slope and in savanna subsoils on plain (clay accumulation).

The higher savanna topsoil values on gentle slope are probably due to soil compacting by large
mammals since the texture oftop- and subsoil is similar (see also 6.2.5).

Soil moisture

The moisture properties are of considerable importance for plant growth but have not been

defined directly (see selection criteria in 4.3.2.1.2). According to Young (1976) they depend on

soil depth in general and in particular on drainage, infiltration capacity and plant available water

capacity (field capacity in % minus wilting point in %). Stuart-Hill & Tainton (1989) stressed

the importance of the vegetation cover for the water infiltration. It is mainly the structure of the

vegetation and topsoil and the slope angle which determine, whether the water penetrates or

moves over the surface (Lind & Morrison 1974). Soil moisture and aeration status control the

activity of the soil microbial population and hence they are important controls on soil organic
matter dynamics, nutrient cycling and soil fertility (Ross et al. 1992). Obviously, the

development ofthe root system plays an important role and the extensive root system of many

savanna plants allows to withstand periods of water stress (drought). The soil moisture

conditions and nutrient status affect the structure and floristic composition of vegetation
communities (Bell 1982; Cole 1986; Högberg 1986b; Jones 1992).

Moist savannas are more weathered and leached and therefore rather dystrophic compared to the

more eutrophic savannas in drier areas (Young 1976). Weathering in the studied soils is high

during the wet season but is greatly reduced in the dry season; leaching in the wet season

alternates with some precipitation of dissolved substances in the dry season. In seasonally

waterlogged plains reduction in the wet season alternates with precipitation of dissolved

substances during moist-drying periods.

The closed tree/shrub layer in thicket clumps leads to a quite stable microclimate (see 6.1.3) at

the soil surface and a fairly continuous, thin cover of leaf litter. On the other hand, in savannas

the ground cover of living vegetation decreases greatly during the dry season and only very little

litter is formed. As a result the soils of savannas dry out in the dry season to the wilting point
from the surface downward up to 1-1.5 m while thicket clumps remain moist from about 50 cm

downwards, thereby favouring evergreen species.

The proportion of water lost by immediate runoff is greater in savannas than in thicket clumps,

especially during stormflow (Moss & Morgan 1970). Furthermore, the more marked seasonality
of the savanna may have important effects, especially on nutrient cycles, as a result of water

deficiency at the beginning and end ofthe rains (Moss and Morgan 1970).

6.2.2.2.3 Two-way analysis of variance

Differences in the top- and subsoil within vegetation types (thicket clumps and savannas) and

relief types (plain, gentle slope and stony hillside) have been analysed with the two-way

analysis of variance. The results are shown in Table 38 A and B.
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Table 38 A. Two-way analysis of variance of topsoil properties

Explanatory variables

pH (H2O)

p observed

pH
(CaCb)
pobserved

CEC

p observed

Base

saturation

p observed

Na

p observed

K

p observed

Mg

p observed

Ca

pobserved

Main effect

vegetation type T / S
0.0054 0.0010 0.0001 0.0001 0.5481 0.0022 0.0001 0.0001

Main effect

relief P/G/H
0.0008 0.0006 0.0001 0.0001 0.0001 0.2358 0.0001 0.0001

Interactions relief*

vegetation type
0.0556 0.0139 0.0663 0.0040 0.1923 0.1007 0.0026 0.0063

Normality of

residuals

o.k. o.k. o.k. o.k. no o.k. o.k. o.k

Explanatory variables

Al

p observed

H-ions

p observed

C

p observed

N

p observed

C/N-ratio

p observed

Fe

p observed

P

p observed

Bulk

density
p observed

Main effect

vegetation type T / S

0.0008 0.0550 0.0001 0.0001 0.0001 0.1412 0.0002 0.0001

Main effect

relief P/G/H
0.0001 0.0001 0.0001 0.1422 0.0001 0.0001 0.0117 0.0001

Interactions relief*

vegetation type
0.0329 0.0090 0.3705 0.6690 0.0149 0.0001 0.2397 0.2522

Normality of

residuals
o.k. o.k o.k. o.k. o.k. o.k. o.k. o.k.

Table 38 B. Two-way analysis of variance of subsoil properties

Explanatory variables

pH (H2O)

p observed

PH
(CaCb)
p observed

CEC

p observed

Base

saturation

p observed

Na

p observed

K

pobserved

Mg

p observed

Ca

p observed

Main effect

vegetation type T / S
0.0897 0.0589 0.9998 0.0001 0.1608 0.0003 0.0001 0.0098

Main effect

relief P/G/H
0.1459 0.4770 0.0001 0.0001 0.0001 0.0319 0.0001 0.0001

Interactions relief*

vegetation type
0.5237 0.0193 0.2024 0.3797 0.0308 0.1242 0.0043 0.1742

Normality of

residuals
o.k. o.k. o.k. o.k. no o.k. no o.k

Explanatory variables

Al

p observed

H-ions

p observed

C

p observed

N

p observed

C/N-ratio

p observed

Fe

p observed

P

p observed

Bulk

density
p observed

Main effect

vegetation type T / S
0.0119 0.0376 0.0011 0.0017 0.0012 0.0562 0.0004 0.0624

Main effect

relief P/G/H
0.0026 0.0129 0.0021 0.2637 0.0002 0.0023 0.0315 0.0295

Interactions relief*

vegetation type
0.0839 0.0200 0.0255 0.0762 0.0329 0.0003 0.0146 0.4488

Normality of

residuals
o.k. o.k o.k o.k o.k o.k o.k o.k.
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The following parameters show significant differences in the topsoil for the vegetation types

(no significant interactions between relief and vegetation, p > 0.019):

pH (H202)**, pH (CaCl2)***, CEC***, K**, Al***, C***, N***, C/N-ratio***, P***, bulk

density***

Parameters which show significant differences in the topsoil for the vegetation types and have a

significant interaction (p < 0.01), require a careful interpretation:

Base saturation***, Mg***, Ca***

The following parameters show significant differences in the subsoil for the vegetation types

(no significant interactions between relief and vegetation, p > 0.01):

Base saturation***, K***, Ca**, AI*, H-ions*, C**, N**, C/N-ratio**, P***

Parameters which show significant differences in the subsoil for the vegetation types and have a

significant interaction (p < 0.01), require a careful interpretation:

Mg***

The following parameters show significant differences in the topsoil for the relief types (no

significant interactions between relief and vegetation, p > 0.01):

pH (H202)***, pH (CaCl2)***, CEC***, Na***, Al***, C***, C/N-ratio***, P*

Parameters which show significant differences in the topsoil for the relief types and have a

significant interaction (p < 0.01), require a careful interpretation:

Base saturation***, Mg***, Ca***, H-ions***, Fe***

The following parameters show significant differences in the subsoil for the relief types (no

significant interactions between relief and vegetation, p > 0.01):

CEC***, base saturation***, Na***, K*, Ca***, AI**, H-ions*, C**, C/N-ratio***, P*

Parameters which show significant differences in the subsoil for the relief types and have a

significant interaction (p < 0.01), require a careful interpretation:

Mg***, Fe**

Differences between relief types are for most parameters significant as might be expected

according to the different soil types. We shall now concentrate our analysis on the main

problem, i.e., a possible correlation between soil properties and vegetation type.

8 * <0.05 ;
** <0.01 ;

*** < 0.001

9
Due to the large number of statistical tests performed an interaction will be regarded as significant only

if the corresponding p-value is ^ 0.01
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6.2.3 Preliminary discussion of the vegetation - soil relation

The results of the two-way analysis of variance confirm the significant differences of most soil

properties between thicket clumps and savannas for both top- and subsoil This result is at first

sight surprising since the parent matenal within each studied area is identical for all sites, what

is due to the same geology and the uniform relief within each studied area This is confirmed by

the fact that both vegetation types on gentle slope and stony hillside are of the same soil type

(Note, however, that thicket clump soils on plain differ from their surrounding savanna soils,

see 6 2 2 1 1)

The relationship between vegetation and soil are complex and it is often not obvious to identify

cause and effect This is particularly true in the case of termrtana, where due to the termite

activities, the relationship between vegetation and soil is even more complex In true savanna

vegetation the vegetation itself may not have a profound effect on pedogenesis although there is

often a close relationship between soil and vegetation as shown by Scholes & Walker (1993) for

the Nylsvley savanna m southern Africa However, in our savanna landscape thicket clumps,

small vegetation types with forest character, exert a strong influence on soil properties The

distinct organic matter m topsoil ofthicket clumps and savannas and therefore also the distinct

biological activity (Ross et al 1992) influence not only the analysed chemical properties but

also the soil moisture properties This is m line with Montgomery & Askew (1983) who argue

that the higher organic status and better physical condition of forest soils are a function rather

than the cause of the forest vegetation On the other hand, soil texture is quite mdependent from

the vegetation type However, especially on plam, texture may be altered by termites (see 6 5 4)

Nevertheless, two edaphic aspects may be the direct cause of the appearance of thicket clumps

or savannas

1) According Vesey-FrtzGerald (1963, 1970, 1973a) seasonally waterlogged grasslands and grass

savannas are widespread on flat areas in East Africa (often called Mbugas, see e g, Phillips 1930,

Touber & Kanani 1996) Under the present climatic regime these azonal formations on black cotton

soils are relatively stable (Vesey-Fit2Gerald 1970) Due to the erratic ramfall (see 6 1) the flooding

and drought vary greatly from year to year Under these conditions grasses are best adapted to these

conditions (Gauslaa 1989) and only few trees, especially acacias and Phoenix reclinata

(Michelmore 1939), Hyphaene compressa (Klotzli 1980b) and occasionally Balanites aegyptiaca

(Bogdan 1958), may survive on these sites (Vesey-FrtzGerald 1973a, Lind & Momson 1974)

Within the studied plam only Acacia siebenana var kagerensis and rarely a few other trees and

shrubs survive outside of a Macrotermes mpund (see 6 5 3) However, these woody plants remain

solitary in the savanna matrix and do not initiate thicket clumps In East Africa acacias may

frequently occur on these black cotton soils especially under less severe conditions of impeded

drainage, which would otherwise be open grasslands Acacia melhfera occurs m and areas (annual

rainfall of 380 - 635 mm according to Lind & Momson 1974) A xanthophloea (Bogdan 1958,

Mbuya et al 1958), A gerrardii (Lake Mburo National Park) and the gall-acacias A seyal

(Michelmore 1939, Bogdan 1958, Lind & Momson 1974, Mbuya et al 1994, Katende et al 1995),

A drepanolobium (Michelmore 1939, Bogdan 1958, Walter 1973, Lind & Momson 1974) and ,4

zanzibanca (Johansson & Kaarakka 1992, see below) occur m less and areas The propensity of

the montmonllonite clay to swell and puff after rams and to crack deeply upon drying out,

imposes severe strains on plant roots (Cole 1986) The acacias growing m seasonal swamps must

therefore have deep roots, quickly developed m their youth, since a superficial root system may not

be able to withstand the strains oftenacious clay soils, expanding m wet seasons and contracting m

dry seasons (Thomas 1946) Grasses m general are better adapted to such physical stress
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Acacia zanzibanca is absent in Kikulula but occurs on black cotton soil in Burigi, about 60 km

south of Kikulula Tlie soil type of Burigi is a Vertisol and, compared with the Planosol in

Kikulula, has a higher clay content in the topsoil, develops abundant cracks in the dry season

and has a higher nutnent status (see Table 39) On the other hand, the Burigi soil type is lacking
the typical slow permeable clay pan in the subsoil of the Planosol in Kikulula Relatively high
nutnent status and temporally dry conditions like in the Vertisol in Burigi may favour the

giowth of this acacia (see also 6 2 4) However, the absence of Acacia zanzibanca in Kikulula

may also be due to phytogeographical reasons Acacia zanzibanca only occurs in the Burigi of

the Kagera Region what seems to be its most northwestern geographical distribution This may

explain its absence in Kikulula, Karama and Lake Mburo National Park

Fig. 35. Overflown Accacia zanzibanca stand in Burigi
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Table 39. Soil properties of the tree savanna type with Acacia zanzibarica from Burigi

Topsoil

Veg. Type Sample

pH

(H20)

PH

(CaCI2)

Na

[mg/100g
soil]

K

[mg/100g
soil]

Mg

[mg/100g
soil]

Ca

[mg/100g
soil]

C

[mg/100g
soil]

Tree

savanna

type with

Accacia

zanzibarica

AZ1/2 1A 6.9 6.0 32.4 13.0 20.5 211.5 4100

AZ1/2 2A 6.6 5.7 33.0 14.3 27.9 206.8 2900

AZ 3/4 1A 6.0 5.5 27.4 10.7 17.8 185.4 2700

AZ3/4 2A 6.0 5.5 34.0 12.2 23.8 162.1 2800

AZ5/6 1A 6.3 5.6 27.5 6.6 12.4 173.0 2400

AZ5/6 2A 6.3 5.7 31.9 9.9 15.2 188.5 3300

Average 6.4 5.7 31.0 11.1 19.6 187.9 3033

Standard error 0.14 0.08 1.17 1.11 2.32 7.76 244.4

Veg. Type Sample

Fe

[mg/100g
soil]

P

[mg/100g
soil]

Organic
matter in

%
Clay Texture

Silt

Sand

Tree

savanna

type with

Accacia

zanzibarica

AZ1/2 1A 25.3 1.14

AZ1/2 2A 30.5 0.54

AZ 3/4 1A 38.8 0.27 5.4 42.1 28.0 29.9

AZ3/4 2A 33.8 0.32

AZ 5/6 1A 20.5 0.42

AZ5/6 2A 34.6 0.68 6.4

Average 30.6 0.56

Standard error 2.73 0.13
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Subsoil

Veg Type Sample

pH

(H20)

pH

(CaCI2)

Na

[mg/100g
soil]

K

[mg/100g
soil]

Mg

[mg/100g
soil]

Ca

[mg/100g
soil]

C

[mg/100g
soil]

Tree

savanna

type with

Accacia

zanzibanca

AZ1/21B 69 59 37 2 70 14 0 178 8 1700

AZ1/2 2B 69 58 37 6 65 10 5 184 1 2000

AZ3/4 1B 70 62 50 0 89 144 242 1 1600

AZ 3/4 2B 70 60 53 0 58 12 8 202 4 1700

AZ5/6 1B 63 55 34 6 63 29 0 177 7 2200

AZ5/6 2B 64 55 38 4 84 31 5 194 9 2000

Average 6.8 5.8 41.8 7.2 18.7 196.7 1867

Standard error 0.13 0.11 3.13 0.50 3.71 9.89 95.4

Veg Type Sample

Fe

[mg/100g
soil]

P

[mg/100g
soil]

Organic
matter in

%
Clay Texture

Silt

Sand

Tree

savanna

type with

Accacia

zanzibanca

AZ1/21B 14 4 0 21

AZ1/2 2B 13 3 0 23

AZ3/4 1B 93 0 23 52 48 4 37 9 137

AZ 3/4 2B 90 0 20

AZ5/6 1B 192 0 22

AZ 5/6 2B 25 1 0 26 52 45 2 30 4 24 4

Average 15.1 0.23

Stand.err. 2.53 0.01

The genesis of thicket clumps m seasonally waterlogged areas is dependent on the presence of

termitana This is dealt with m detail m chapter 6 5 3 and m chapter 7 1

2) Rocky sites or sites with a high proportion of blocks favour woody plants over grasses on

hillside m two ways

a) Humus is scarce between the blocks and is mostly accumulated m cracks and fissures ofthe

rocky underground favouring woody plants with a more developed root system (m

particular species with a taproot system)
b) The scarce biomass on these rocky sites protects the forest regeneration from fire

Where the proportion of skelet is very high (> 80 %), often along the crest and sometimes also

locally on the slope these sites are mostly afforestated A high proportion of stony blocks

therefore favour the genesis ofthicket clumps
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Fig. 36. Abundance of stony blocks along a crest in Ibanda favours woody plants

We conclude that differences in soil moisture conditions and nutnent status of thicket clumps and

savannas are a function of the vegetation type and termite activities on plain and gentle slope. On

seasonally waterlogged plains growth of thicket clumps outside ducket clumps is not possible (see

6,5,3,1), On stony hillsides and on gentle slopes growth and distribution of ducket clumps is not

due to edaphic, factors (except high proportion of stony blocks) but due to other interlinked factors

(see also Lebmn 1947 and 7,1.2).

The significance of difference in soil properties between both vegetation types is slightly more

obvious for the topsoil. Tins might be explained by the high organic matter content in the

topsoil of thicket clumps leading also to a higher biological activity as already mentioned. The

distinct soil properties of the two vegetation types may indicate diat the genesis of ducket

clumps must have started long ago.
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6.2.4 Miombo

Since the soil profiles of the five analysed soils vary little, we only show the typical soil profile
from die site 5, The corresponding complete profile protocol is given in appendix K. All soil

profile protocols may be consulted at the author.

Fig. 37. Soil profile from the Miombo woodland

Miombo woodland profile description (Ferralsol):

0-12 cm: Ah-honzon; dry, brown (7.5YR4/3) sandy loam with crumb to stmcture;

numerous fine roots; few organic matter; no skelet; clear boundary,
12-50 cm: A-horizon; dry, bright brown (7.5YR4.5/6) sandy clay loam with compact

stmcture (fracturing into crumb-polyedric structure); few roots; no organic

matter; no skelet; merging boundary
50-80+ cm: AB-honzon; slightly moist, bright brown (7.5YR4.5/6) sandy clay loam with

slightly aggregated to single-grain stmcture, few fine roots; no organic matter;

no skelet; very deep.

According to Gauslaa (1989) Miombo occurs on freely drained soils, usually at least 2m deep.
Mam trees and shrubs have some roots that descend to a depth of about 5m, and are therefore

able to tap moisture retaining layers of the soil during the dry season.

On the nutrient-poor Miombo soils (Nye & Greenland 1960; Trapnell et al. 1976) effective

mycorrhizae and well-developed nutrient retention mechanisms (Ernst 1975) are cmcial for tree

growth (Högberg 1982), Studies in the Miombo woodlands in Tanzania and Zambia have

shown that most of the dominating Caesalpiniaceae are ectomycorrhizal (Högberg 1986b),
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Miombo have in particular inadequate nitrogen for any but subsistence farming (Lind &
Morrison 1974).

The variance of most soil properties is high (see Table 40) since the five soil samples stem from

different topography. Despite this high variability the same Miombo vegetation type occurs on

all sites, i.e., the ecological amplitude is very large.

Table 40. Miombo soil properties

Topsoil

Veg. Type Sample

pH

(H20)

PH

(CaCI2
)

CEC

[mmol/
100g
soil]

Base

sat [%]

Na

[mg/10
Og soil]

K

[mg/10
Og soil]

Mg

[mg/10
Og soil]

Ca

[mg/10
Og soil]

Al

[mg/10
Og soil]

H-ions

[mmol/
100g
soil]

Miombo M1 Ah/A 5.3 4.6 11.0 30.5 0.0 14.4 15.2 49.0 22.8 4.4

M2 Ah/A 5.7 5.3 22.5 48.0 0.0 37.7 45.1 164.8 31.0 6.2

M3Ah 5.3 4.6 12.6 32.4 0.0 23.72 19.1 38.1 28.1 5.4

M4 Ah/A 5.2 4.5 8.7 22.3 0.0 8.15 9.3 13.7 22.5 4.5

M5 Ah/A 5.1 4.3 9.5 16.9 0.0 9.43 7.7 9.3 29.0 4.9

Average 5.3 4.7 12.9 30.0 0.0 18.7 19.3 55.0 26.7 5.1

Standard error 0.10 0.17 2.50 5.29 0.00 5.48 6.76 28.39 1.71 0.33

Veg. Type Sample

C

[mg/10
Og soil]

N

[mg/10
Og soil]

C/N

ratio

Fe

[mg/10
Og soil]

P

[mg/10
Og soil]

Organic
matter

in%

Clay Texture

Silt

Sand bulk

density

g/dm*

Miombo M1 Ah/A 2163 302 6.6 12.5 0.274 4.0 10.6 20.0 69.4 1210

M2 Ah/A 5745 511 9.9 24.2 1.249 5.5 15.9 43.7 40.4 -

M3Ah 2790 338 8.3 11.3 0.437 - - - - 1130

M4 Ah/A 654 230 2.8 7.1 0.139 1.8 8.3 29.8 61.9 1370

M5 Ah/A 830 248 3.4 4.1 0.075 1.8 15.0 19.6 65.4 1380

Average 2436 325.8 6.2 11.8 0.435 3.3 12.5 28.3 59.3 1273

Standard error 917.7 50.0 1.37 3.43 0.212 0.81 1.6 5.1 5.8 54.8



Soil 179

Subsoil

Veg. Type Sample pH

(H20)

pH

(CaCI2
)

CEC

[mmol/
100g
soil]

Base

sat [%]

Na

[mg/10
Og soil]

K

[mg/10
Og soil]

Mg

[mg/10
Og soil]

Ca

[mg/10
Og soil]

Al

[mg/10
Og soil]

H-ions

[mmol/

100g
soil]

Miombo M1 Ac 5.2 - 11.1 14.3 0.0 12.9 14.1 2.0 35.6 5.5

M2Ac 5.2 4.1 16.8 13.2 0.0 27.9 18.1 0.1 64.9 7.4

M3A 4.9 4.1 8.4 4.6 0.0 6.5 2.6 0.0 28.8 4.8

M4B 4.8 3.9 13.9 2.8 0.1 5.5 3.0 0.0 50.1 7.9

M5B 4.9 4.0 10.2 1.7 0.0 3.1 1.2 0.0 34.3 6.2

Average 5.0 4.0 12.1 7.3 0.0 11.2 7.8 0.4 42.7 6.4

Standard error 0.08 0.04 1.47 2.67 0.02 4.48 3.45 0.39 6.55 0.58

Veg. Type Sample C

[mg/10
Og soil]

N

[mg/10
Og soil]

C/N

ratio

Fe

[mg/10
Og soil]

P

[mg/10
Og soil]

Organic
matter

in%

Clay Texture

Silt

Sand bulk

density
g/dm*

Miombo M1 Ac 997 243 4.1 5.3 0.040

M2Ac 1210 278 4.4 10.4 0.051

M3A 476 211 2.3 5.1 0.028 1230

M4B 385 219 1.8 3.9 0.070 1.4 18.3 36.1 45.6

M5B 349 218 1.6 1.6 0.024 22.0 21.8 56.2 1230

Average 683 233.8 2.8 5.3 0.043 20.2 28.9 50.9 1230

Standard error 175.7 12.3 0.59 1.44 0.008

The Miombo Ferralsol type has a shghtly better nutrient status than the Ferralsols from gentle

slope in Lake Mburo National Park but otherwise the analysed chemical properties are very

similar (see 6.2.2.1.2 and Table 35 and 36). On the other hand, the Miombo Ferralsol has a

distinctly higher silt content (see also Table 37).

Compared to the tree savanna type with Acacia zanzibarica in Burigi (see Table 39) the

Miombo has a distinctly lower nutrient status. The fine-leafed Acacia savannas are known to be

wide-spread on relatively dry but rather eutrophic sites. On the other hand, broad-leafed

savannas or Miombo woodland occur on more wet and rather dystrophic sites (Michelmore

1939; Langdale-Brown et al. 1964; Lind & Morrison 1974; Scholes & Walker 1993).
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6.2.5 Encroached savannas

Tlie two soil profiles from Karama and Lake Mburo National Park are shown in Fig. 38 and are

very similar. The corresponding complete profile protocols are given in appendix K. All soil

profile protocols may be consulted at the author.

Fig. 38. Soil profiles from the encroached savannas in Karama (left) and Lake Mburo National

Park (right)

Encroached savanna type with Acacia hockii (N° 5) profde description from Karama

(Ferralsol):

+2 cm: L/F-horizon; not or only slightly decomposed.
0-30 cm: A-horizon; slightly moist, dark reddish brown (5YR3/3) sandy clay loam with

cmmb structure; roots and organic matter abundant; no skelet; merging

boundary
30-60+ cm: B-horizon; slightly moist, reddish brown (5YR4/6) sandy clay with crumb

stmcture; roots abundant; few organic matter; no skelet.

Encroached savanna type with Acacia hockii profde description from Lake Mburo

National Park (Ferralsol):

+ 1 cm: (L-horizon); litter mostly not decomposed.
0-40 cm: A-honzon; slightly moist, dark reddish brown (5YR3/2) sandy clay with cmmb

structure; roots and organic matter abundant; no skelet; merging boundary.

40-80+ cm: B-horizon; slightly moist, reddish brown (5YR3/5) sandy clay with cmmb

stmcture; roots abundant; few organic matter; no skelet.
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The organic matter content of the encroached savanna type with Acacia hockii m Karama is

5 2 % (n = 4) and 4 3 % (n = 4) for the top- and subsoil, respectively, the same values for Lake

Mburo National Park are 5 1 % (n = 1) and 2 8 % (n = 1), respectively The organic matter

values are significantly higher than those from thicket clumps (topsoil 3 6 %, n = 3, subsoil 2 3

%, n = 3) and savannas (topsoil 2 6 %, n = 3, subsoil 1 9 %, n - 3) from Lake Mburo National

Park on gentle slope

The particle size distnbution m Karama and Lake Mburo National Park is very similar (sandy

clay to sandy clay loam, see Table 41) The remarkable difference is that the silt fraction is

almost nil m the topsoil of Karama Compared to the medium textured thicket clumps and

savannas in Lake Mburo National Park on gentle slope the encroached savannas are fine

textured

Table 41. Texture of encroached savannas type with Acacia hockii in Karama and Lake Mburo

National Park

Study area Laver

Texture

Clay in % | Silt in % Sand m %

Karama (n = 4) Topsoil i 33 3 i 0 8 65 9

Subsoil 37 5 ' 6 5 56 0

Lake Mburo NP (n - 1) Topsoil 3Q 6 80 52 4

Subsoil 44 1 89 47 0

The bulk density of botii encroached savannas is higher for the surface layer (Lake Mburo

National Park 1414 g/dmJ, n
- 1, Karama 1330 g/dm\ n = 4) than for the subsoil (Lake Mburo

National Park 1281g/dm', n = 1, Karama 1249 g/dmJ, n = 5) Since the particle size

distnbutions of the top- and subsoils are similar, the higher bulk densities of the topsoil in Lake

Mburo National Park (also reported for savannas on gentle slope m Lake Mburo National Park)

and Karama may be the result of soil compacting through former overgrazing and trampling by
cattle (see also Boer 1985), as reported for both areas (see also 6 4 7)

In Karama the encroachment does not invade the whole smooth rounded hilltop Adjacent to

encroached parts occur open grass savannas with Loudetia simplex, having quite similar flonstic

composition (Jaccard index of about 25 %) However, these Ferralsols differ from the

encroached savannas, with a subsoil largely composed of latentic pebbles (see Fig 39) These

sites are never encroached In Lake Mburo National Park acacia encroachment is limited to

footslopes and gentle slopes One may conclude that bush encroachment due to overgrazing can

happen, provided that edaphic aspects are favourable
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Fig. 39. Profile of grass savanna type with Loudetia simplex in Karama with typical lateritic

pebbles m the topsoil
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6.3 Fire

It is generally accepted that the vast majority of vegetation fires occur in the Subtropics and

Tropics (Goldammer 1991). According to Goldammer (personal communication) an area of

about 200 - 300 mio ha or about one tenth of Africa is burnt annually where the largest part is in

savanna landscape (about 15 - 20 % of Trans-Saharan Africa). The alternating dry and rainy
seasons of savannas lead to high fire hazard, in particular when the grass standing crop is high
as is the case of moist savannas (Humbert 1937; Komarek 1972; Gillon 1983). The importance
of burning as an ecological factor in East Africa can hardly be overemphasised since much of

the vegetation is widely shaped by fire.

Savanna vegetation has evolved under and is adapted to fire (Sarmiento & Monasterio 1983;
Goldammer 1992). Its dynamics may only be understood in relation to the past fire regimes.

Frequency, season, and intensity at which fires occur in a given region make up the "fire

regime" (Van Wilgen et al. 1990).

6.3.1 Natural fires

Fires are either natural or man-made. Natural fire must have occurred since the earliest

appearance of vegetation (Van der Flammen 1983) long before the appearance of modern man.

Natural fires can be traced back at least some 350 millions years ago to the Palaeozoic Period

(Clark & Robinson 1992). Indeed, most coals or coal bearing strata, particularly from the

Carboniferous Period, contain fossil charcoal called fusain and it is generally accepted that

natural fires formed this (Harris 1958; Komarek 1972; Komarek 1973; Goldammer 1992, 1993).

However, interpretation is limited by poor spatial and temporal coverage, poor resolution, and a

combination of unique biotic and abiotic conditions that preclude direct comparisons with

modern environments (Clark & Robinson 1992).

Most natural fires are caused by lightning (e.g., Robyns 1938; Komarek 1964, 1972; 1973,

1974; Phillips 1965, 1974; Götz 1975; Van Wilgen et al. 1990; Goldammer 1992, 1993).

However, only a small fraction of lightning ground-strikes result in ignition of vegetation
(Edwards D. 1984). Natural fires may start when the fire climate is favourable (Harris 1958;

Komarek 1972), i.e., the vegetation is dry and the strikes occur without rain (dry thunderstorm);
this is often the case at the end ofthe dry season. These late dry season fires are usually hot (see

6.3.3.1).

Komarek (1972) designated Africa as the "fire continent" since it is apparently more prone to

lightning and thunderstorm than other continents. The World Meteorological Organization
elaborated thunderstorm-day maps for all continents (World Meteorological Organization

1956). The thunderstorm-day maps for Africa show clearly that the latitudinal movement ofthe

thunderstorm pattern follows the northern and southern movements of the intertropical

convergence zone. The fire hazard for each region may be defined considering the following

points:

The seasonal distribution ofthunderstorm-days in relation to the occurrence ofdry seasons;

The occurrence of dry thunderstorms, i.e. the occurrence of lightning without rain;

The rate of fuel build-up.

In East Africa, thunderstorms are very frequent with 180 days per year (World Meteorological

Organization 1956) but they mainly do not coincide with dry periods. The frequency shows a

double peak, one in April - Mai and the other in October - November which are the moistest

periods of the year where the ground is fairly wet and vegetation is only kindled with difficulty.
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Furthermore, dry thunderstorms are relatively seldom in East Africa. Already Phillips (1930)

reported a high lightning frequency during the rainy seasons for central Tanzania while

thunderstorms are rare during the dry season. Indeed, ourselves, we have never directly
observed a natural fire in the Kagera Region. This is also in line with long term observations by
the Akagera National Park management. Nowadays, lightning, is unlikely to be an important
factor in starting fires in the Kagera Region (Spinage & Guinness 1971). However, it is

important to note that actual thunderstorm pattem in relation to dry periods are likely to be

subject to periodic shifts concomitantly with other short- and long-term climatic fluctuations

(Tyson 1978). Therefore natural fire could have been more important in former days also in the

Kagera Region.

However, the situation in Southern Africa is different. The high thunderstorm frequency at the

end of the dry season, often characterised by dry lightning storms, leads to abundant natural

fires (Innes 1972; Komarek 1972). Komarek (1972) pointed out that hghtning strike does not

necessarily occur in the rain pattern, but occurs where the rain does not fall resulting in a high

frequency of natural fires. According to Killick (1963) 12,1% of all fires from 1955 to 1959 in

southeastern Africa and in southern Cape Land are the result of lightning as verified by the local

forest stations. According to Manry & Knight (1986) moist savanna woodlands in South Africa

receive significantly more lightning ground-strikes annually than arid savanna woodlands.

Trollope (1984) postulated an annual or biennial average buming frequency in moist savanna

woodlands under the natural fire regime, while arid savanna woodlands would burn only after

exceptionally heavy rains, which have produced an unusually high fuel build-up. Such a

situation may have occurred no more than once every ten years (Trollope 1980).

The abundance ofnatural fire in Southern Africa is similar to that ofthe United States. Komarek

(1964) has given an exhaustive account of the ecology of lightning in the United States. It was

clearly shown that hghtning is one ofthe most important factors in starting forest and grassland
fires. In the United States lightning is most frequent in the dry summer months.

There exist other, but only sporadic natural events leading to ignition:

- Volcanic eruption (vulcanism, see also Robyns 1938; Phillips 1974; Goldammer 1993);

Spontaneous ignition (in heaps of organic matter by thermophilic bacteria decaying organic
matter; similar to auto-ignition of too rapidly fermenting haystack; see also Phillips (1965,

1974); Glover (1968); Knapp (1973); Goldammer (1993);

Falling ofigneous rocks (see also Phillips 1965,1974; Goldammer 1993).

Furthermore, also "dustfires" as happened in mills and sawmills may be possible in relation to

rockfalls (Klotzli personal communication).

Today the contribution of natural fires to the overall tropical fire scene is becoming negligible
(Goldammer 1992). The primeval natural fire mosaic has been changed in many ways by the

activities ofman (Komarek 1972; Goldammer 1992; Pyne 1992) what makes the identification of a

natural fire regime quite impossible (Clark & Robinson 1992). Frequency and season of vegetation
fires altered (Scholes & Walker 1993) and thereby also fire intensity, resulting in a different impact
on vegetation (Pyne 1992, see below). In the following we present the anthropogenic savanna fires

in a chronological way.
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6.3.2 Man-made fires

Prehistoric use of fire

The discovery offire is intimately linked to the evolution ofman (Pyne 1992). The oldest use of

fire by hominids is ancient, apparently dating from the time of Homo erectus (Pyne 1992;

Goldammer 1993) and possibly also Australopithecus robustus (Brain & Sillen 1988) in Africa

about 1.5 mio yr ago. The earliest fire traces in human settlements have been found (charred

earth, stones, bones and organic matter) in Awash in Ethiopia (Chavaillon 1985), in Chesowanja

(Chavaillon 1985; Perles 1998) and Gadeb (Perles 1998) in Kenya, Olduvai in Tanzania

(Chavaillon 1985), and Sterkfontein (Perles 1998) and Swartkrans (Brain & Sillen 1988) in

South Africa. However, since only sporadic fire traces exist - many sites have no fire traces - it

is questionable how widespread the use of fire by hominids was and whether they managed the

techniques to set fire or if they only used a piece of glow from natural fires (Perles 1998).

Furthermore, it is not known to what extent hominids used fire not only as expected for

domestic purposes (cooking, heating and illumination) but also for burning the vegetation (e.g.,

burning around the settlements as protection against wild animals and wildfires or also for

hunting). Therefore the impact on the ecosystems ofthese early anthropogenic fires is uncertain

but since the population size was small and locally concentrated, the impact was probably
limited to some areas.

It is assumed that Homo erectus was generally in command of fire use since about 500'000 yr:

from this date on settlements usually show fireplaces (Innes 1972; Hall 1984; Perles 1998).

Homo erectus has acquired a powerful tool with which he could shape his environment (Innes

1972; Schule 1990). Anthropogenic vegetation fires became certainly more important.

Nevertheless, Komarek (1972) estimated that the Stone Age man had very little permanent

effect in Africa, simply because ofthe still small population number (but see also Schule 1990).

The Iron Age peoples had at least a temporary effect on wooded areas, since they used charcoal

for smelting processes. With the advent of pastoralism (about 7'000 yr ago in Africa, see 6.4.1)

and farming, the impact increased (West 1969) and in some regions these people certainly

changed the local plant communities. Of course fire also entered into cultural life, reshaping the

cognitive world ofhumans as fully as their landscape (Pyne 1992).

Traditional use of fire in the Kagera Region

The use of fire is not only an integral part of land-use with a clearly defined management

objective but is also governed by socio-cultural traditions (Pyne 1998; Bloesch 1999; see also

3.2). Formerly, mainly a pasture fire regime (pastoral fires see also, e.g., Katoke 1975;

Gashumba 1979; Runyinya 1980; Heady & Heady 1982; Rippstein 1985; Cole 1986; Hoag et al.

1991) prevailed since the Kagera Region was predominately used for cattle ranching. The

buming served a) for the renewal and maintenance of the grazing land by burning the old

tussocks (and other organic matter not consumed during the wet season hindering the

development of new grass shoots, see e.g., West 1965; Lind & Morrison 1974) and b) for

keeping the savanna open thereby also preventing possible bush encroachment and risk of

infestation by tsetse (Phillips 1965; Heady & Heady 1982). Accordingly, the fire regime was

mainly a late hot dry season burning (Liben 1965). Early buming for promoting growth of off¬

season grasses (Innes 1972; Rippstein 1985) was supposed to be quite rare. The pastoral fires

served also for controlling ticks (Phillips 1965; Heady & Heady 1982; Rippstein 1985). At a

lesser degree fire was used for hunting, in order to attract game to the newly-burned patches or

to drive animals out of hiding (fire for hunting purposes see also, e.g., Innes 1972; Gashumba

1979; Cole 1986; Scholes & Walker 1993).
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Actual fire regime in the Kagera Region

Land-use imposed by the colonial administration in Africa was based on the traditional

European agricultural activities, developed in a totally different environment. Silviculture,

largely influenced by German foresters, was a graft onto the great rootstock of European

agriculture, and it correspondingly condemned buming of every sort (Komarek 1972, 1973).

According to most European agronomists, fire not only killed trees, it destroyed the humus,

upon which all life depended (Pyne 1992). The burning by the local is condemned by
individuals that see the gradual disappearance in some areas of the tropical or semi-tropical
forest vegetation (Gashumba 1979; Runyinya 1980). However, it should be pointed out that

such vegetative communities furnish little way of food or other materials for the pastoralist and

he is doing only what the European cattleman does when he clears or de-brushes his range

(Komarek 1972). Fire policy became an expression of colonial rule, especially where land was

reserved from folk access in the form of forests and parks (Pyne 1992). In response natives set

fire illicitly, developing many kinds of incendiary devices. This was both a protest against the

colonial administration and an attempt to restore traditional land-use (Komarek 1972; Pyne

1992).

Much of the early opinions expressed by Europeans on the effects of fire have been based on

these arson fires caused by local peoples in retaliation against what they considered ignorant and

unfair police action (Komarek 1972). On the other hand, the fire exclusion was itself frequently
a cause of environmental degradation and social disintegration (Pyne 1992). A well known

example is the fire exclusion for seven years in the Kruger National Park in South Africa

resulting in the change of grasslands into bushland thereby having a dramatic impact on

herbivores (Komarek 1972). Another striking example is the fire exclusion in the North

American prairies following the White settlements (Pyne 1992) what was facilitated by the

reduced fuel load due to heavy cattle grazing. The tall-grass prairies changed to woods thereby

destroying the pasture for bisons what in return had a negative impact on the livelihood of the

natives. The most dramatic confrontations flared in former British and French colonies, where

foresters, nurtered in Franco-German traditions, were most aggressive at imposing fire

exclusion (Pyne 1992).

As a reaction against widespread wildfires foresters prescribed early burning (e.g., Lebrun 1947;

Innes 1972). This forest policy was not from choice but was to avoid fiercer, more destructive,

fires later in the dry season (Innes 1972). Thereby the foresters wanted to ensure a better

protection of afforested areas.

Also in the Kagera Region the colonial administration abolished the traditional use of fire by

very restrictive laws in the three countries of the Kagera Region provoking many arson fires as

outlined above. But the fire regime altered also due to a rapidly changing socio-economic

context. The cultivated area in the Kagera Region steadily increased in the last decades at the

expense of rangeland for cattle and game (see 3.5.4). Semi-nomadic pastoralism, making

political control and taxation difficult (see Pyne 1992), was suppressed. Furthermore, civil strike

in the last decade contributed to render pastoralism more difficult. The increasing agricultural
activities altered also widely the fire regime. The peasants burned their fallow land in June to

mid-July in the first part ofthe dry season (Gasana, personal communication) in order to prepare

new crop fields (agricultural fires see also, e.g., Lawton 1963; Innes 1972; Cole 1986). The

former pastoral fire regime became more of an agricultural fire regime. But in the last decades

political insecurity furthered the chaotic use of fire.
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In the following we give a list of additional fire reasons mentioned by the local population for

the Kagera Region:

Protection ofpropertiy (housing, crops);

Clearing the bush along foot-paths (see also Gillon 1983);
Lessen the danger of wild animals and in particular of snakes, hidden in the grasses (see

also Robyns 1938; Katoke 1975);

Burning of accumulated litter control rodents, in particular mice and rats (see also Phillips

1965).

The main factors defining the fire regime and its characteristics have been outlined in detail by

Bloesch (1999) and will not be systematically rediscussed in this work. Since the traditional fire

regime, characterised by dominating late burning, has probably changed to a frequent early

burning, we will further analyse this aspect. Furthermore, we will discuss the adaptation strategy

andthe resistance ofour studied plant communities in the Kagera Region.

6.33 Impact on vegetation

The fire regime, and in particular the season, has a wide impact on the tree-grass ratio (e.g.,

Lebrun 1947; Buechner & Dawkins 1961; Hopkins 1965; Innes 1972; Komarek 1972; Knapp

1973; Pratt & Gwynne 1977; Rodgers et al. 1977; Rodgers 1979; Monnier 1981; Gauslaa 1989;

Bloesch 1999). The impact depends not only on fire intensity, but also on the phenological stage

of the vegetation (Bloesch 1999). According to the highly variable conditions of burning also

the fire effect on the ecosystems is very variable (e.g., Komarek 1972; Rodgers 1979; Trollope

1983).

6.3.3.1 Main characteristics of early and late burning

Initially, we intended to analyse the characteristics of early and late burning and their impact on

the vegetation in order to compare it with a no burning regime. Unfortunately, our long time

experimental plots in Ibanda and later on also those in Burigi had to be given up for security and

political reasons (see preface). Therefore we can only present fire temperatures ofearly and late

buming ofthe surrounding savannas of thicket clumps in Kikulula plain and hillside and a late

burning ofthe surrounding savannas ofthicket clumps in Karama (see Table 42. and Fig.40 A/B

and 41 A/B). At the same time also the impact on the edge has been assessed. For comparative

reasons also the mean temperatures of an early and a late bum of scattered tree savannas on flat

land and of a shmb savanna on hillside in Burigi are added along with burning temperatures of a

grass savanna at the west coast of Madagascar (Bloesch 1999).
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Table 42. Fire temperatures and edge effect

Location Height above
soil (cm)

Early burning
Mean temp. Parts of th.cl.

CO Burnt

Late burning
Mean temp. Parts of th.cl.

CO burnt

Kikulula plain

Grass savanna type with

Themeda triandra

height: 60 -80 cm, cover: 80 %

0

10

50

100

150

460

425

425

205

195

-

585

600

470

225

195

Edge

0

10

50

100

150

545

630

450

550

*

Edge only

partly burnt

545

630

380

340

120

Edge only

partly burnt

Within thicket clump (ca. 1.5 m from edge) not burnt not burnt

Kikulula hillside

Grass savanna type with Loudetia simplex

height: 140 cm

cover: 95 %

0

10

50

100

150

380

290

335

225

*

-

525

560

370

190

-

Edge

0

10

50

100

150

305

425

320

380

Only partly,
heterogeneous

buming

300

485

275

260

More uniform

burning of the

edge

Within thicket clump (ca. 1.5 m from edge)

0

10

50

100

150

not burnt

410

440

285

only litter burnt,

partially up to

4m from edge

Karama hilltop

Grass savanna type with Loudetia simplex

height: 170 cm

cover: 90 %

0

10

50

100

150

not determined

525

700

330

290

340

.

Edge

0

10

50

100

150

215

335

505

330

425

Edge only

partly burnt

Within thicket clump (ca. 1.5 m from edge) - not burnt not burnt

FOR COMPARATIVE REASONS

Burigi plain 0 n.d. - 350

10 350 390

Scattered tree savanna 50 165 . 320

height 140 cm, cover: 85 %
100 90 . 220

Burigi hillside 0 440 - 350

10 310 . 380

Shrub sav. type with Crossopterix febrifuga 50 225 . 260

height: 130 cm, cover 80 %
100 200 _ 220

Ankarafantsika plain, Madagascar 0 380

10 not determined 395

Grass savanna type with Aristida barbicollis
50 430

height: 160 cm, cover: 65 %
100 250

* Iron wire rods fell /bend down during burning process
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Fig. 40 A. Smouldering early dry season fire from Burigi

Fig. 40 B. Patch-wise burning of an early dry season fire in Burigi
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Fig. 41 A. Fierce late dry season fire from Ibanda
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Fig. 41 B. Homogenous burn (complete bum of the grass biomass) of a late dry season fire on

stony hillside in Burigi

Since the number of data is limited the interpretation has to be done carefully. The results

represent temperature ranges rather than precise temperatures (see also Hopkins 1965),

Furthermore, we have to consider that the fire impact on the vegetation depends on fire intensity

including both temperature and also duration of the burning process what we did not assess. The

burning was predominately a head fire at a low wind velocity (Beaufort 0-2),

Fire temperature in the open savanna:

1) Late buming temperatures are in the average 365 °C and about 25 % higher than early

burning temperature (295 °C in the average).

2) The highest temperatures were frequently recorded at 10 cm above the surface (less often on

the soil surface), reflecting the usually highest concentration of biomass at tins height.

These results are in line with fire temperatures measured by Hopkins (1965) in a Nigerian

savanna but are in contrast to the results from some audiors reporting the highest

temperatures to be between 50 and 100 cm above the surface (e.g., Götz 1975; Gillon 1983).

The latter savannas are most probably composed of mainly top-heavy tussock grasses like

Themeda triandra (see also Lock 1972) leading to high biomass density at a height of 50 -

100 cm.

3) The absolute highest temperature was measured during die late burning in Karama hilltop

with 700 °C at 10 cm above the surface. The temperatures in Karama would most probably

even be higher since several iron wire rods bend/fell down during the burning process due

to the increased heat.
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4) Grass savannas from the equatorial belt, with its short dry seasons, do not bum as fiercely as

those ofthe north and south tropical belts, with their single dry seasons (Michelmore 1939).

Nevertheless, the late burning temperatures from Madagascar having a long dry season of at

least five months, are relatively low compared to those from the Kagera Region. This may

be explained by the relatively loose fuel composed of almost exclusively Aristida

barbicollis tussocks which are widely spaced.

5) The savanna fires, rich in flash fuels, spread rapidly (Goldammer 1993), i.e., the fire residence

time is very short (usually only a few seconds see e.g., Lebrun 1947; Pitot & Masson 1951;

Innes 1972). Therefore the increase of temperature in the topsoil is almost nil (Gillon 1983),

thereby only little affecting soil micro-organisms (Lebrun 1947). Sites with fuel abundance

(especially dead trunks lying on the ground, see Bilbao et al. 1996) and/or smouldering fires to

bum longer.

6) The combustion of organic matter leads to a loss of nutrients either directly through
volatilisation and aerosols (as a function ofthe temperature) or indirectly by air transport ofthe

ash (early dry season fires!) and surface runoff of the ash before a new vegetative cover

appears. The beneficial side of burning is the speed up of the recycling process by

accelerating mineralisation (Gillon 1983). The nutrients in the ash are washed into and

incorporated in the soil thereby nutrients becoming easily plant available (slash-and-burn

agriculture profits from this phenomena, see e.g., Pfund 2001). Furthermore, the

accumulation ofphosphorus, sodium, potassium, magnesium and calcium in the ash increases

temporarily the pH ofthe soil toplayer (Phillips 1965; Trapnell et al. 1976; Montgomery &

Askew 1983). It is important to note that due to wind and water transport of the ash and its

subsequent local accumulation, the additional nutrient input varies strongly in space

(Rippstein 1985). According to Heady & Heady (1982) white ashes left on the soil result

from high temperatures while black ashes remain after low temperatures. At lower

temperature burning of the biomass yields a relatively higher percentage of charred material.

Soil organic matter is not destroyed (or only slightly on the surface) by savanna fires (Lebrun

1947; Montgomery & Askew 1983).

Carbon is lost to the athmosphere during the burning process or remains as charcoal in the soil.

According to Scholes & Walker (1993) nitrogen is virtually completely lost above 600 °C,

which is only achieved by late savanna fires at 10 cm above the ground in our experimental

plots in Kikulula plain and Karama. At a fire temperature of 200 °C only 50 % ofthe nitrogen
is lost. Oxides of nitrogen dissociate in the rain to form nitrates, which are brought back to the

system as a component of "acid rain".

Phosphorus can be lostto the atmosphere by air transport ofthe ash and as aerosols released by

fires (Scholes & Walker 1993). Loss of a significant proportion of the phosphoms in fuels

occurs only when the fire temperature exceeds 600 °C.

Sulphur is lost as S02 (Montgomery & Askew 1983).

7) Since the late burning temperatures are higher and the burning more uniform with complete

combustion, the negative effect on long-term soil fertility is more pronounced (Montgomery

and Askew 1983). However, Gillon (1983) doubted if there is any decrease in soil fertility

of savannas due to recurrent fires even on a long-term basis.
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Impact on edge

1) Temperatures at the edge are similar with those from open savannas but since we have only
few measurements (edge not burnt or iron wire rods fell / bend down during burning

process) an interpretation is not indicated.

2) The edge of thicket clumps on plain is generally only partially and slightly scorched by

early and late buming. We have never observed, that fire penetrates into thicket clumps

provided the "edge curtain" composed mainly of suffrutescent plants and lianas was intact.

3) Fierce and rapid uphill late burning may penetrate partially thicket clumps on hillside from

the lower side for a few meters. But since mostly only the litter of the herbaceous layer is

fired, the woody plants, except the seedlings, are seldom or only shghtly damaged thereby

only slightly pushing back the edge. The lateral impact of uphill burning on thicket clumps
on hillside is generally lower and the upper side of hicket clumps is usually only barely
touched by fire as observed in former fire experiments in Burigi. The upper side of thicket

clumps is only barely touched by fire.

4) We tried to ignite a thicket clump by large amounts of additional dry grass biomass stocked

along the edge, but we failed to ignite the thicket clump. The fire penetrated only a few

meters in the herbaceous layer without touching the core part.

5) Although we were searching for fire scars (scorched bark, charcoal rests...) inside thicket

clumps very extensively by examination of hundreds of thicket clumps we only found once

a small piece of charcoal in a soil profile which may indicate a former fire but possibly the

site was not afforested at the time ofthe fire.

Although fire behaviour is very complex and variable, the following general characteristics for

an early, a late dry season and a no buming protocol may be given (modified from Bloesch

1999):

Main characteristics of an early dry season fire:

Rather low temperature (low intensity) due to the relatively high moisture content of the

vegetation; smouldering fire generating more soot;

Burning patch-wise and incomplete combustion (depending on wind direction and velocity,

see Hopkins 1965) ofthe biomass (herbaceous layer);
Less widespread; small tracks, water courses, valleys and ridges can act as barriers (Rodgers

1979, see Fig. 40 B)
Rather slowly advancing fire front;
Less destructive to woody plants; may promote afforestation / bush encroachment;

Promoting new grass shoots during the dry season (provided that the moisture content ofthe

soil is high enough) but weakening many perennials (mostly palatable) which are still

partially green and have not yet returned all their food reserves from leaves to storage in

roots (Gillon 1983); if the resulting regrowth is grazed the plants are further weakened

(Innes 1972); may favouring annuals (Afolayan 1979);

Leading to some soil protection at the beginning ofthe rainy season (often with heavy rains)

due to some remaining vegetation cover;

Reducing the protective vegetation cover during the dry season thereby exposing the soil to

greater insolation, soil evaporation and wind erosion (see also Monnier & Cerf 1977; Gillon

1983);

Enhancing the dryness ofthe habitat thereby favouring xeric species (Gillon 1983);
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Prescribed buming easy to control.

Main characteristics of a late dry season fire:

Rather high temperature (high intensity) due to the dry fuel;

Burning rather uniform although small parts of the vegetation always escape the burning

due to variable fuel load resulting from small scale heterogeneities (termitaria, rock

outcrops, bare soils etc, see Belsky 1989); rather widespread (small barriers can be jumped,
see above), and more complete combustion (depending on wind direction and velocity, see

Hopkins 1965) ofthe biomass (herbaceous layer);
Rather rapidly advancing fire front;
More destructive to woody plants (Hopkins 1965) due to higher temperature and since many

woody plants sprout well before the beginning ofthe rain (Gillon 1983; Gauslaa 1989), they

are most sensitive to fire damage at this time (Vesey-FitzGerald 1963; Innes 1972);

May promote perennial grasses at the expense ofannuals (Afolayan 1979);

Resulting in bare soil at the beginning of the rainy season with increased risk of erosion by

heavy rainfall, due to destroyed tree leaf canopies and surface cover;

Prescribed burning difficult to control;

According to Sarmiento & Monasterio (1983) a late burning does not alter drastically the

normal course ofphenological events in the savannas since natural fires usually occur at the

end ofthe dry season.

For comparative reasons we give some characteristics ofa "no burning" protocol:

Main characteristics of a "no burning" protocol:

Accumulation of litter shading out the dominant perennial grasses, which gradually begin to

die off;

Disadvantageous for caespitose species - plants no longer compete for space horizontally,
but vertically; suffrutescent plants will become dominant, among them many legumes

(Gillon 1983);

Promoting woody plants and tall grasses (at the expense of short grasses) and species less

resistant to burning at the expense of fire-adapted life forms; promoting bush encroachment

(Menaut 1977);

Increasing fuel loads (fire intensity) and fire hazard (Gillon 1983; Frost & Robertson 1987).

However, it is important to note that these are general fire characteristics which may be

weakened respectively enhanced by the prevailing site conditions during the burning process

defining the exact fire intensity (according to Hopkins 1965 the percentage burnt may be

regarded as an indication ofthe severity of fire):

Fuel build-up depending on soil properties (high proportion of stony blocks may prevent the

spread of fires, see Fig. 42), rainfall, last fire and grazing (see 6.4.3.3); according to

Hopkins 1965 the dry weight of the herb layer decreases later in the dry season as seed and

fruits are dispersed and food reserves are translocated to the roots and rootstocks of the

perennial herbs;
Moisture content ofthe biomass (depending also on daytime);

Prevailing weather conditions depending on daytime, in particular air temperature and

relative humidity, wind velocity and wind direction which define either a head or a back

fire; head fires are of higher flame height (back fire heart near the ground), advance faster

and the combustion ofthe biomass is more incomplete than that of back fires; however, the



Fire 195

intensity of head and back fires is very variable according to the prevailing environmental

conditions at the time of the bum (Lebrun 1947; Phillips 1965; Rodgers 1979; Trollope

1983);
Relief: die slope angle is very important for rate of fire spread and intensity; on steep slopes

uphill burning is predominating and very intense (Heady & Heady 1982).

Increasing heterogeneity of site conditions enhance the patchwise burning. In this context the

spatial pattern of the fuel load and its stmcture and quality and degree of flammablility (amount

of resins, lignin, cellulose, tannin, nutrient content, etc.) is of particular importance (Bilbao et al.

1996).

Fig. 42. Sites witii high proportion of stony blocks have not sufficient fuel to carry fire,

Andringitra Mountains, Madagascar (photograph E, Kulus).
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Furthermore, the impact on the vegetation dynamics highly depends on the fire frequency as

stressed by several authors (e.g., Rodgers 1979; Manry & Knigh 1986; Van Wilgen et al. 1990;

Goldammer 1993). Fire frequency varies from annual, in moist savannas (Michelmore 1939), to

once every ten or more years in the dry extreme (Scholes & Walker 1993) depending on the post-
fire regeneration of the vegetation (depending on rainfall and grazing intensity). The proportional

species composition of grasses within savannas varies according to frequency of burning (Van

Wilgen et al. 1990, see also 6.4.3.3).

Frequent fires (in particular fierce ones), through reducing the vegetation cover of savannas,

change the structure ofthe surface soil thereby compacting the soil (hard pan) as reported, e.g.,

by Robyns (1938), Lebrun (1947), Lawton (1963), Trapnell et al. (1976), Rodgers (1979) and

Gauslaa (1989) and reducing the water holding capacity (Goldammer 1993). This process leads

to increased surface runoff and erosion Gargely depending on the relief!, see also Gillon 1983;

Rippstein 1985). Recurrent fires may also enhance lateritic processes (Götz 1975).

Regular burning reduces the fire hazard by keeping fuel loads low (Van Wilgen et al. 1990).
Götz (1975) stated that in former times fires were less frequent but of higher intensity due to

accumulation of biomass and were of larger size. However, Pyne (1992) stated that is not

proven that fire on Earth was more frequent in previous time.

6.3.3.2 Why does fire not or only slightly penetrate thicket clumps?

The long association with fire lead to the often extremely sharp edges ofthicket clumps as reported
from Spinage & Guinness (1972) from the Akagera National Park in Rwanda (see also Fig. 18).

They thought that high frequency of fire will lead gradually and irrevocably to the disappearance of

the thicket clumps what we strongly reject according to our observations. Fire acts only on the tree-

grass ratio in the ecotone:

On plains, thicket clumps harbour termitaria, which protect their vegetation cover from burning

(see 6.5.6; according to Bakuneeta 1989 only the vegetation on termite mounds of less than

1.5 m height may be affected seriously by late burning).

On slopes the boundary lines advance or regress only slightly in function of fire frequency and

intensity. Frequent fierce fire over long periods may have lead to the widespread grasslands on

steep stony hillsides within the Kagera Region (see also Hopkins 1983).

The limited impact of fires on thicket clumps has also been reported by Robyns (1938) and

Lebrun & Gilbert (1954) for the savanna landscapes in Congo and Rwanda and by Lock (1977)

for the Queen Elizabeth (Rwensori) National Park in Uganda. Bouxin (1975a) underlined that

fire only occasionally penetrates thicket clumps and never the semi-deciduous forest type with

Strychnos usambarensis in the Akagera National Park in Rwanda. Also Lebrun (1947) reported
for the Albert National Park in Congo (nowadays Virunga National Park) that fire bum only the

edge ofthicket clumps and semi-deciduous forests. Michelmore (1939) reported from Ankole in

southern Uganda that gully forests, of similar stmcture and floristic composition as thicket

clumps and semi-deciduous forests, are also impenetrable for fire what is in line with our

observations. Menaut et al. (1990) and Skarpe (1991) reported for the moist Lamto savanna in

Ivory Coast and for an arid savanna in Botswana, respectively, that aggregation (tree clumps) is

a fairly efficient protection against fire. Fire increases the micro-climatic differences between

thicket clumps and savannas during the dry season (Lebrun 1947).

Bouxin (1975a) argued that the strongly reduced flammability of thicket clumps and semi-

deciduous forests is due to their scarce herbaceous layer. In addition, Lebrun (1947) stressed the
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fact that tiie herbaceous layer is often composed of succulents which are almost not flammable

Lebrun (1955) found about 15% of succulent plants in thicket clumps of the Akagera National

Park, while Liben (1961) recorded about 7% of succulent plants in thicket clumps in the Bugesera

area Succulent plants are also an important element of our studied ducket clumps, e g

Euphorbia candelabrum Sanseviena parva, Kalanchoe sp ox Sarcostemma viminale

However, die often scarce herbaceous layer alone does not explain why diese forest formations

do not bum Even fierce fires cannot cross the densely interlaced edge what Lebrun (1947)

explained by the dense leafiness of the curtain The dense curtain seems offering apparently

enough fuel to carry fire However, according to our observations die curtain is mainly

composed of plants which are difficult to inflame and only get scorched like the succulent plants

Cissus quadrangulans and C rotundifoha (see Fig 43A), or Blephanspermum pubescens

Furthei more, die proportion of evergreen species is high amongst woody species of the ducket

clumps with 60 % (oi even 68 % when considering the weighted life form, see 5 I 3 3) and

evergreens are also well represented in die ecotone Fvergreen species are usually not only more

difficult to inflame but they produce also less litter for ground fires as do deciduous woody plants

having often synchronised leaf fall during the dry season Sporadically, easily flammable woody

plants occur in tiie edge like Maytenus arguta, Grewia trichocarpa or Teclea nobilis allowing short

penetration ofthe fire (see Fig 43 B)

Fig. 43 A. ( issus rotundifoha piled up in a part with high biomass did not bum and was only

barely scorched by fire (Kikulula stony hillside, fire experimental plot)
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Fig. 43 B. Demonstration of the high flammabihty of Maytenus arguta and Grewia trichocarpa

(Kikulula plain)

Contrary to thicket clumps (semi-deciduous forests) and gully forests in the Kagera Region

other forest formations having a highei proportion of deciduous woody plants are easily

flammable The dry forest on the northwest coast at Ankarafantsika m Madagascar easily takes

fire (but not the more southern Kinndi forest near Morondava according to Sorg, personal

communication) Tlie first fire penetrating the forest is usually a ground fire burning onl> the

continuous litter cover (which is more abundant than that from thicket clumps in the Kagera

Region) A first passage of fire may damage some shrubs and small trees, which may decay

later on If there are subsequent fires in the next years thev will be more destructive causing

damage to the dominating trees and thereby open the canopy Bloesch (1999) suggested tiiat

three to four fires withm a period of ca 15 yr may transform a formerly intact dry forest into

savanna in northwest Madagascar

In the forest-savanna mosaic of the Comoe National Park Ivory Coast (West Africa) fires

frequently penetrate into the dry island forests (Hovestadt, personal communication) While the

intensity of these ground fires burning the few forbs and grasses (Sorg, personal

communication) is low and usually does not damage larger trees, these fnes certainly cause

high mortality among seedlings and saplings

6.3.4 4daptations of the vegetation to fire

Many terrestrial ecosystems have evolved through a long process of natural selection in an

environment characterised by recurrent natural fires (Komarek 1964, 1972) and later on also by

man-made fires (Manry & Knight 1986 Goldammer 1993) The prolonged effects of fire upon

the savanna habitat have resulted m the development of special fire-tolerant communities of

plants and animals which are dependent on periodic burning for their existence (Glover 1968)
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Plant communities differ m their responses to fire and their capacity to bum accordmg to their

species composition, growth charactenstics and community dynamics (Lebrun 1947)

Manry & Knight (1986) have shown for South Africa that plant communities occurring m areas

expenencing the highest annual lightnmg densities tolerate and require more frequent bummg
than those typical of areas subject to lower lightnmg densities Consequently some plant
communities are completely intolerant to bummg, while others may require occasional or

frequent bummg to maintain community vigour

The great majonty of savanna fires are ground fires confined to the herbaceous layer Crown

fires m savanna woodlands are very rare (Trollope 1984, Van Wilgen 1990) The plant
resistance depends, as explamed, on the fire mtensity (Gauslaa 1989) and the phenological stage

(Rodgers 1979, Heady & Heady 1982, Sarmiento & Monasteno 1983) ofthe vegetation at the

time ofbummg

As outlmed the two vegetation types are charactensed by a distinct fire impact savannas are

regularly burnt while thicket clumps and semi-deciduous forests are only touched by fire at their

edge Savanna landscape plant species may be defined also accordmg to their form of adaptation
to fire as outlmed below m mostly fire-sensitive forest species and more fire-tolerant savanna

species

6.3.4.1 Thicket clumps (semi-deciduous forests)

Smce fire does not penetrate thicket clumps and semi-deciduous forests these forest species,

mainly composed of evergreen species, are not adapted to fire and therefore are sensitive to fire

Bark thickness ofwoody plants may reflect the frequency of fire m a plant community

Bark thickness may be used as a cntenon for fire-resistance (e g ,
Glover 1968, Knapp 1973,

Gillon 1983, Sarmiento & Monasteno 1983, Goldammer 1992, Pinard & Huffman 1997) Bark

thickness was shown to positively correlate with cambial resistance to injury from fires (e g,
Goldammer 1993, Pinard & Huffman 1997) Physical stmcture can influence the effectiveness

of bark m protecting woody plants from fires (e g ,
Vmes 1968) On the other hand, Lebrun

(1947) reported of burning of easily flammable thick barks of savanna trees (Albert National

Park nowadays Virunga National Park, m East Congo)

The bark thickness of some trees from Kikulula is shown m Table 43 The thicket clumps trees

are generally thin-barked Although their stem diameter is larger than that ofAcacia hockii, their

bark thickness is only half or less of that of the savanna tree (shmb) Acacia hockii develops a

thick corky bark already as young saplmg what may explam the high fire-resistance of this

leguminous plant Other typical savanna trees or shmbs with thick bark m the Kagera Region

are, e g ,
Cussoma sp or Annona senegalensis (see also, e g , Hopkms 1963 or Knapp 1973)

The abundance of thin-barked woody plants m thicket clumps underlines the absence of fire m

this formation

However, fire resistance does not only depend on bark thickness but also on the ability to heal

fire scars by building callus (Goldammer 1992), on the vulnerability to pathogens and insects,

the prefire tree vigour, and the ability to resprout (Gill 1995, see also 6 3 4 2) We observed that

Acacia hockn is very sensitive towards cambial injury



Fire 200

Table 43. Bark thickness of some selected thicket clump and savanna trees from Kikulula

Species Diameter ofstem (cm) Thickness ofbark (mm)

Forest species
Albiziapetersiana
Canthium sp

Drypetes gerrardii
Haplocoelum gallaense

Savanna species
Acacia hockii

7 0 (n=16, s=3 92)
9 6 (n= 7,s=4 78)
118 (n=ll,s=3 48)
13 1 (n=ll,s=4 45)

7 0 (n=46, s=2 72)

2 5 (n=16, s=129)
1 9 (n= 7, s=0 37)
2 8 (n=ll,s=108)
2 2 (n=ll,s=0 80)

5 5 (n=46, s=143)

6.3.4.2 Savannas

Savannas species have not only developed numerous adaptations leadmg to varying degrees of

resistance (e g ,
Glover 1968, Schnell 1971, Bouxin 1973, Gillon 1983, Manry & Knight 1986),

but some pyrophytic species even thnve on fire The followmg not exhaustive list shows means

of adaptations to predommately dry season fires (sporadic wet season fires are very destmctive

to the vegetation, see Sarmiento & Monasteno 1983)

Sprouting of grasses (requesting a minimal sod humidity) and leafing of many deciduous

trees (e g Combretum colhnum is most quick m its reaction to buming) without ram (e g ,

Robyns 1938, Lebrun 1947, Hopkins 1963, Vesey-FrtzGerald 1970, Komarek 1972,

Rodgers 1979, Cole 1986) Accordmg to the site conditions new shoots can appear from

within few days up to two to three weeks (see also Rippstein 1985) Rapid post-fire
regrowth takes place m all moist savannas while bummg retards the development of most

grasses m dry savannas (Gillon 1983)
Sod grasses with rhizomes or stolons (Knapp 1973, see 6 4 3 3)
Certain herbs (e g some Commehnaceae) or grasses (some Brachana spp ) remain green at

their bases during the dry season and therefore are almost not flammable (Lebrun 1947)

High capacity of clonal growth ofmany woody plants by building coppice shoots from stumps,

and suckers from rootstocks or from lateral roots in response to fire damage or any other

mechanical injury (Buechner & Dawkms 1961, Bouxin 1973, Cole 1986, Nkemi à Tchie &

Gakahu 1989) Many woody plants can survive repeated burning for many years due to then-

ability to take a geophytic habit (hemrxyles), while their aenal parts are repeatedly destroyed

by fire (see Table 45 and e g, Buechner & Dawkms 1961, Glover 1968, Laws 1970, Trollope

1984, Sarmiento & Monasteno 1983, Gauslaa 1989) Table 44 shows that all frequent woody

plants m the savanna landscape of Benaco (southeastern Kagera Region) build either coppice

shoots or suckers Several shmbs build both shoots and suckers very easily

Accordmg to Monmer (1981) the resprouting capacity of savanna trees and shmbs was still

high after 30 yr ofannual late bummg in the Lamto savanna ofIvory Coast These responses to

injury by multiplying the number of stems by sprouting and suckenng are almost universal

(Sarmiento & Monasteno 1983) leadmg to the coppice appearance of many savannas Species

building coppice shoots and suckers are little affected by fire since they do not have to reach

maturity to survive fires (Van Wilgen et al 1990)
Deciduousness of most woody plants during the dry season when fires reduces their

vulnerability

Development ofthick, hard, often corky barks - a trait of obvious value for the protection of

the cambium against bummg injury (see 6 3 4 1)
The buds buned m the soil, mside the tussock (where temperatures seldom reach a lethal

level) and/or protected by the bases of tillers and leaf sheaths, render many perennial
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grasses fire-resistant (Gillon 1983, Sarmiento & Monasteno 1983, Cole 1986, Goldammer

1993), smce also the roots are only slightly damaged, the grasses recover quickly after fire

Seed can not only withstand a temporary and moderate nse m temperature but seed

germination of some species (e g, Acacia spp , Dichrostachys cinerea) is even favoured by
fire (Robyns 1938, Lebrun 1947, Bouxin 1975a, Gillon 1983)
A vast number of pyrophytes like densely caespitose herbs (e g , Cymbopogon nardus, see

Runyinya 1979, Habiyaremye 1994), leguminous plants (Heady & Heady 1982, Edroma

1984) or conspicuous geophytes (e g ,
Scadoxus multiflorus) thnve on fire (Langdale-Brown

et al 1964, Glover 1968, Komarek 1972) An outstanding example of these charactenstics

is found m Themeda tnandra (Lind & Momson 1974, Heady & Heady 1982) This grass

produces seed with corkscrew-like awns that twist themselves mto the soil with alternate

dampenmg and drying The seed may bury themselves 2 - 3 cm deep, thus allowing fire to

pass over them without damage Some species have evolved phenological patterns not only

adequate to cope with frequent fires, but even take advantage of burning to improve their

performance m the ecosystem as, eg, fire-induced flowering or fruit dehiscence (Lebrun

1947, Heady & Heady 1982, Gillon 1983, Sarmiento & Monasteno 1983)

However, note that apparent adaptation to fire may m reality be an adaptation to drought (Lebrun

1947, Schnell 1971, Cole 1986)

Table 44. Frequent woody plants in the savanna landscape of Benaco (southeastern part of

the Kagera Region) and their vegetative regeneration capacity

Trees Shmbs

Species Reg capac Species Reg capac

Acacia polyacantha cs Acacia hockii CS

Albizia antunesiana cs Annona senegalensis c

Combretum molle cs Cassia singueana c

Dalbergia nitidula c Combretum colhnum Cs

Kigelia africana c Euclea schimpen Cs

Lannea schimperi cs Maytenus senegalensis Cs

Pappea capensis c Markhamia obtusifoha CS

Parinan curatelhfoha cS Ozoroa reticulata CS

Pencopsis angolensis c Protea madiensis C

Psorospermum CS

febnfugum Cs

Rhus natalensis CS

Terminaha mollis

Vegetative regeneration capacity C High coppicing capacity

S High capacity ofbuilding suckers

c Low coppicing capacity

s Low capacity ofbuilding suckers

Although we showed that most savanna woody plants are markedly fire resistant then natural

regeneration is sensitive to burning Outside thicket clumps the fire is fierce up to the edge m the

Kagera Region The dense herbaceous biomass along the edge completely bums and develops high

temperatures Before the fire season we assessed the natural regeneration along the edge of two

regularly-fired thicket clumps and two fire^rotected thicket clumps (nearby property) obtaining the

followmg figures as presented m Table 45
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Table 45. Natural regeneration along the edge

Type ofthicket clump Number of seedlings

(< 20 cm)

Number of saplings

(20 - 100 cm)

Regularly fired

(110 xlm)

45 11

Fire protected
(105 x lm)

14 62

In the regularly fired zone most aerial parts of the natural woody regeneration bum back every

year to the ground. Very fewtme seedlings were found; most ofthe small plants which look like

seedlings are merely regrowths from a stout and fire-resistant rootstock (geophytic habit)
several years old (see also Glover 1968). Many woody species may be maintained in this

subshmbby stage for many years, so that in some species the tree form becomes almost

exceptional, as occurs with Dichrostachys cinerea. A period oftwo to three years with no fierce

grass fires allows these plants to grow to a height big enough to be safe from buming (Glover

1968, see below). On the other hand, in the fire-protected zone the small plants are tme

seedlings not more than one year old, and young saplings are frequent.

The high vulnerability of woody regeneration towards fire was confirmed when comparing the

abundance of seedlings and young saplings in thicket clumps and savannas in Kikulula and

Karama (figures from transect method, see 4.2.1). While seedlings (73 per 10 m2) and young

saplings (16 per 10 m2) were very numerous in thicket clumps (including the ecotone) their

number is almost nil in savannas (0.3 seedlings and 0.8 saplings per 10 m2). The very low

number of woody regeneration within savannas, however, is also the result of the high grass

competition (water, shading) and to a lesser degree ofbrowsing.

Sabiiti & Wein (1988) analysed the regeneration capacity ofAcacia siebenana in grass savannas

with respect to the fire regime within the Queen Elizabeth National Park in Uganda. High fire

intensity (late dry season) kills most seedlings and saplings but also stimulates high seedling

emergence (also reported for Acacia hockii in Uganda by Harker 1959). Low-intensity early dry
season fires less affect seedlings and saplings and favour sprouting (four times over no buming),
but sprouting is much reduced by high-intensity fires (see also Hoag et al. 1991). Monnier (1981)
also reported that late burning on woody regeneration was more destmctive than early burning in

the moist Lamto savanna in Ivory Coast. Furthermore, periodic fires maintain the plants in a state

oflow vigour and within the feeding range ofmany browsing herbivores (6.4.3.3).

The chance of survival oftrees/shrubs increases considerably with increasing height and basal area

(Hopkins 1965) but depends also on the amount of combustible material around the plant (Nkemi à

Tchie & Gakahu 1989). The threshold of extended fire resistance may be defined according to the

savanna type. The susceptible height has been fixed approximately at the 2 m level by several

authors, e.g., Glover (1968), Trollope 1983 (arid savanna of southeastern Africa), and Menaut et al.

1990 (moist savanna of Lamto in Ivory Coast). Bloesch (2001) reported that cool early burning
does not, or only slightly affects regeneration of savanna woody plants of at least 1 m - height in

the southeastern part of the Kagera Region. Spinage & Guinness (1972) working in the Akagera
National Park in Rwanda stated that many trees are most sensitive to fire up to 1.5 m height,

however, differences between species are large. Acacia gerrardii and A. hockii have survival curves

that follow almost a random distribution for diameter classes what indicate their high degree of fire

resistance. Also the growth of Combretum molle and C. collinum is merely retarded by fire (both

Combretaceae also considered as fire-resistant by Buechner & Dawkins 1961 from the Murchison

Falls National Park in Uganda), with no obvious destructive effect upon the young stages. Acacia
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Senegal may be considered as a moderately fire-sensitve tree (Spinage & Guinness 1971; Nkemi à

Tchie & Gakahu 1989). On the other hand, there are the very fire sensitive shmbs (trees)

Commiphora africana, Lannea humilis, Ormocarpum trichocarpum and Dichrostachys cinerea

whereof only few species may exceed a height of 2 m in areas of frequent fires. The results from

Spinage & Guinness (1971, 1972) are confirmed by our observations from the study areas within

the Kagera Region.

6.3.5 Preliminary discussion of the vegetation - fire relation

We may conclude, that nowadays almost all fires in the Kagera Region are caused by man,

whether deliberately or by accident or incidentally. The current fire regime differs considerably
from the traditional pasture fire regime (predominately a late burning) and has mostly a chaotic

character, i.e., most firing is not in relation to the land-use and is widely uncontrolled. More

than half of the open land is fired annually (relatively high annual fuel build-up in these mesic

to moist savannas) and almost exclusively in the first half of the main dry season. If the short

dry season in January - February is long enough, savannas on stony hillsides may bum, thereby
excluding a second fire in the same year during the main dry season. Firing during the moist

period does not occur or are very seldom. Furthermore, numerous roads, cultivated lands, and

overgrazed areas today restrict the spread of wildfires, so that the areas burnt per fires are

generally smaller now than in the past.

The world-wide repression of traditional fire regimes during the colonial and post colonial time

lead to a large loss of long acquired knowledge about ecologically adapted fire regime ofthe native

peoples (Komarek 1972; Bloesch 1999). Traditional burning practices over millennia have strongly
favoured and selected plant communities that are considered to be sustainable and long-term stable

fire ecosystems (Schule 1990; Goldammer 1992; Pyne 1992). In many cases, the change of fire

regimes, either toward fire exclusion or toward an increase of fire pressure, is detrimental for

ecosystem stability and biodiversity (Van Wilgen et al. 1990; Goldammer 1992; Pyne 1992). The

resulting new stage ofthe vegetation is often almost irreversible (Komarek 1972). Phillips (1965)

reported from some grassland burning experiments in the Transvaal of South Africa that after 30

years the greatest alteration in the composition and quality ofthe vegetation was in the control plot
which had been protected from fire. There was more bare ground between the tussocks and there

were more dicotyledons present. In the plots that had been burnt annually, there was practically no

change, indicating that in particular annual burning had kept these plots in a stable condition.

Robyns (1938) stressed that in particular the labile equilibrium between herbivores and vegetation
is directly affected by any change ofthe fire regime (see also 6.4.3.3). Fire exclusion, as practised
in many protected areas may threat the biodiversity of the ecosystems which have evolved under

recurrent fires, (see, e.g., Bloesch et al. 2002).

Controlled burning is a powerful tool in the present day management of savannas in particular for

rangeland management (see, e.g., Rippstein 1985; Manry & Knight 1986; Bloesch 1999). The

optimal buming frequency depends on annual rainfall (considering its pattern) and net aerial

primary production, in combination with the degree of foliage utilisation by herbivores (Trollope

1978, 1980, 1984 in Manry & Knight). Manry & Knight (1986) speculated that the optimal
controlled burning frequency determined for a particular plant community under present conditions

approximates the "normal" burning frequency it experienced under the natural fire regime.

However, we should consider that many actual plant communities did not evolve under a natural

fire regime but under predominating anthropogenic fires. All to often fire management must be a

compromise between the ecological needs, the land-use (management goal) and practical
limitations (Rodgers 1979; Van Wilgen et al. 1990; Bloesch 1999). Furthermore, we should

consider two major fire effects in any management. One is of short term, dealing with the structure
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of the grass cover, its standing crop, availability and palatability. The other is in the long term,

dealing with succession and change (Rodgers 1979).

Managers of protected savanna areas have to define a fire management which maintains a habitat

variety for the benefit of all animals (Leuthold & Leurhold 1972; Rodgers 1979; Gillon 1983). One

of the best-documented fire management is from the Kruger National Park in South Africa (Van

Wilgen et al. 1990). Nevertheless, there is still a need for developing practical fire management

decision aids such as fire behaviour prediction models and expert systems as stated by Van Wilgen
et al. (1990).

Nowadays, the singular impact ofthe interactive factors ofnatural and man-made fires as well as of

other main determinants on the stmcture and floristic composition of savanna communities is

difficult to assess (Goldammer 1993). The extent to which anthropogenic changes in the pre¬

existing natural fire regimes have modified the basic growth patterns, reproductive strategies and

other life history characteristics of the constituent plant species is not known (Manry & Knight

1986). The additional component of man-made burning and the artificial control or elimination of

fires, have greatly modified most terrestrial ecosystems, and contributed to the geographical

expansion of some plant communities at the expense of others (Manry & Knight 1986). Innes

(1972) and Van der Hammen (1983) pointed out that anthropogenic fire strongly reduced the

woody component in many savannas thereby (together with the felling of trees and slash-and-burn

agriculture) causing an extension of the open types of savanna to areas previously covered with

scmb, woodland or forest. But the opposite is also true, i.e., increased fire frequencies with lower

fire intensity favoured bush encroachment (Van Wilgen et al. 1990).

We do not fully agree with Innes (1972) who stated that it was not until the arrival of man that

fire gained in importance comparable to existing climatic factors in shaping the composition,
stmcture and distribution of plant communities. Rather we believe that the impact of natural

fires, beginning long before the arrival of man and, as outlined, was frequent enough, at least for

some areas, to shape the vegetation.

Fire plays an important role in vegetation succession (Komarek 1974). Fire is often considered

more as a stabilising force (disturbance) than as a destmctive force, preventing savanna from

evolving towards woodland (Gillon; 1983; Cole 1986). Generally, late burning favour the grass

components within savannas while no buming or early burning favour the woody components.

Long-term experiments on the impact of different fire regime from West Africa (Keay 1958; Innes

1972; Louppe et al. 1995) confirmed the general trends that fire exclusion and to a lesser degree
also regular cool early burning lead to afforestation, while hot late season burning lead to

progressive deforestation of savannas.

As outlined above, the fire impact on the vegetation mosaic ofthicket clumps and savannas is most

important along the edge ofthe thicket clumps depending on the fire intensity. This aspect will be

further discussed in 7.1.
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6.4 Mammalian herbivory

6.4.1 History of wild herbivores and domestic animals

The interrelationships between the vegetation and herbivores and other faunal elements

(rodents, avifauna, carnivores, invertebrates etc) are important for the functioning of the

savanna ecosystem (Cole 1986, Skarpe 1992, Holtmeier 1999, see also 6 5) The vegetation

stmcture and flonstic composition of savannas can only be fully analysed by taking cognizance

ofthe former and current impact of herbivores (Vesey-FrtzGerald 1970)

The seasonally varying and cyclically changing savanna environment favours the evolution of a

great vanety of herbivorous animals (Vesey-FrtzGerald 1970) However, obvious faunal

differences exist between the continents emanating from the break-up ofGondwana and relating
to the differing environmental conditions m each contment followmg that event (Cummings

1982, Cole 1986) In Africa oscillations between forest, moist and and savannas that were

associated with climatic changes m the Tertiary and Pleistocene favoured the evolution,

speciation and radiation of ungulates and of other faunal groups of great diversity (Unesco

1979, Cole 1986) The largest concentrations of wild game occurred m savanna landscapes
where there are juxtaposition of differing types of savanna and small forest formations - each of

which provides graze and browse of relatively high nutnent value at different penods of the

year The most striking examples are the large migratory herds of plam game that are such a

charactenstic feature of areas like the Serengeti plams of Tanzania and the northern Kalahan,

Etosha pan and Okavango area of southern Africa (Lebrun 1947, Glover 1968, Heady & Heady

1982, Cole 1986)

In South America and Australia isolation and penods of andity were unfavourable (Cole 1986)
for the evolution of a high animal diversity Furthermore, comparably favourable graze and

browse for wild herbivores as m Africa are absent from the South American and Australian

savannas leading to the uniformity of wild herbivores m Australia and paucity m South America

(Cole 1986) smce the extraction of large herbivores m the recent past

The mammalian nchness m continental Africa was even higher until the Acheulean penod

(about 50'000 BP, see Martin 1966, Knapp 1973) During this penod about 26 genera of large
mammals (those estimated to exceed 50 kg adult body weight) whereof many herbivores which

had certainly a marked impact on the vegetation, got extract probably due to better stony arms

ofthe hominids (Martin 1966) Nevertheless, most ofthe genera of large mammals survived this

cntical penod (Knapp 1973) On the other hand, m Madagascar, the relatively recent extraction

of animals with an estimated adult body weight higher than 12 kg was complete m the late

Holocene at least 17 species of mammals, birds, and reptils got extract most probably with the

settlement of the island by Paleo-Indonesians about 1500 to 2000 BP (Martin 1966, Bumey

1987a, 1987b)

Introductions of domestic animals, notably cattle, sheep and goats, began wrth the waves of

nomadic people entering Africa from southwestern Asia from 7000 BP onwards (Epstein 1971,

Cole 1986) In Africa, pnor to European occupation, introductions occurred over a very long

penod as migrating peoples followed the dry savanna zones of northern and eastern Africa,

avoiding the woodlands where tsetse flies act as vectors for trypanosomes (Cumming 1982)

Cattle rearing exists m East Africa since about 2000 yr (Cumming 1982) The impact of these

pastorahsts on the vegetation of East Africa as a whole was slight, since they occupied a fairly
limited area (Lind & Momson 1974) With the introduction of agnculture and iron-working

what greatly facilitated forest clearance the impact on vegetation mcreased (see 3 2)
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At the end of the last century, extensive grasslands were widespread in the Kagera Region (see

Fig. 8). Big game was abundant and numerous long-hom Ankole cattle grazed these areas, prior

to the outbreak of the rinderpest and the subsequent epidemic trypanosomes (see 3.2). Tsetse

have clearly exerted a considerable influence on the distribution of domestic livestock and of

man in the African savannas. Cattle rearing was and still is quite difficult in many savanna

landscapes and in particular in the heavily tsetse infested Miombo woodlands, despite of

intensive tsetse desinfestation programmes.

The sudden rise in human population and domestic herbivores in the last decades lead to much

more intense land-use in Africa what in general, and in the Kagera Region in particular, caused

a near extermination of savanna animals outside protected areas (e.g., Glover et al. 1968;

Cumming 1982; Holtmeier 1999). A striking negative example happened at the end of the civil

war in Rwanda in 1994 when some hundred thousands ofTutsis (Bahima) returned home. Many

of the returnees were pastorahsts and got settled together with about one million of cows in the

Mutara area in northeastern Rwanda. Most of the previously abundant plain game of the area

was decimated and finally the Mutara Game Reserve was given up. In 1997 also the Akagera

National Park was drastically reduced (see 3.3). The Kagera Region has not only lost its only

and well known area ofmigratory large herbivores (Vande weghe 1990; Vande weghe & Dejace

1991) but the large herds of Ankole cattle have already led to widespread overgrazing with

inherent risk of destroying the fertility ofthe pastures.

6.4.2 Current and recent game and domestic animals within the study areas

The population sizes of herbivores in savanna landscape are determined by the seasonal

availability of food quantity and quality and of water (Holtmeier 1999), and as outlined, by the

increasing human impact. An overview of the population size of current game and domestic

animals is given in Table 46. Since game and cattle censuses are missing we just list the

mammalian species (adult body weight higher than 12 kg) indicating their abundance, habitat

and feeding preferences. Herbivores are classified broadly into grazers and browsers. For our

purpose we define browsers as herbivores which feed at least seasonally mainly on browse.
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Table 46. Mammals and their feeding and habitat preferences within the study areas

(based on field observations in 1999 and 2000)

Study
area

Species Feeding
behaviour

Habitat

Savanna Thicket clump

plain st hillside plain st hillside

Kikulula Game

i(0 + + + +Aardvark (Orycteropus afer, Pallas 1766)

African civet (Civettictis civetta. Schreber 1776) CO + + + +

Baboon (Papio cynocephalus, Linné 1766) g/bo ++ ++ + +

Black and white colobus (Colobus guereza, Ruppell 1835) bft + +

Bohor reedbuck (Redunca redunca, Pallas 1767) G ++ +

Buffalo (Syncerus caffer, Sparrmann 1779) gg/b + + + +

Bushbuck (Tragelaphus scnptus, Pallas 1776) bb/gft (+) (+) + +

Bushpig (Potamochoerus porcus, Linné 1758) go + (+)

Common zebra (Equus burchelln, Gmelm 1788) G(b)t ++ +

Defassa Waterbuck (Kobus ellipsiprymnus, Ogilby 1833) gg/b ++

Duikers (Cephalophus spp ) gg/bb o + + + +

Elephant (Loxodonta afncana, Blumenbach 1797) gg/bb f t m (+) (+) (+) (+)

Giraffe (Giraffa camelopardalis, Linné 1758) B(g)f +

Impala (Aepyceros melampus, Lichtenstein 1812) gg/bb f ++ +

Leopard (Panthera pardus, Linne 1758) c + + + +

Lion (Panthera leo, Linné 1758) c + + + +

Onbi (Ourebia ourebi, Zimmermann 1783) gg/b + +

Porcupine (Hystnx cnstata, Linné 1758) g/bft(o) + +

Warthog (Phacochoerus aethiopicus, Pallas 1767) ggo ++ + ++ +

Domestic animals

G(b) +++ ++Boran cattle

Karama Game

g/b o + +(hilltop) Baboon (Papio cynocephalus, Linné 1766)

Bohor reedbuck (Redunca redunca, Pallas 1767) G +

Duikers (Cephalophus spp ) gg/bb o + +

Onbi (Ourebia ourebi, Zimmermann 1783) gg/b +

Porcupine (Hystnx cnstata, Linne 1758) g/bft(o) +

Warthog (Phacochoerus aethiopicus, Pallas 1767) ggo + +

Domestic animals

G(b) +++Cattle

Goat bb/g ++ ++

Lake

Mburo

Game

1(0 + + + +Aardvark (Orycteropus afer, Pallas 1766)

African civet (Civettictis civetta, Schreber 1776) c 0 + + + +

Baboon (Papio cynocephalus, Linné 1766) g/bo ++ ++ + +

Black and white colobus (Colobus guereza, Ruppell 1835) bft + +

Bohor reedbuck (Redunca redunca, Pallas 1767) G ++

Buffalo (Syncerus caffer, Spanmann 1779) gg/b ++ +

Bushbuck (Tragelaphus scnptus, Pallas 1776) bb/gft (+) (+) + (+)

Bushpig (Potamochoerus porcus, Linné 1758) go +
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Common zebra (Equus burchellu, Gmelin 1788) G(b)t ++ +

Defassa Waterbuck (Kobus ellipsiprymnus, Ogilby 1833) gg/b ++

Duikers (Cephalophus spp ) gg/bb o ++ + ++ +

Eland (Taurotragus oryx, Pallas 1766) bb/g (ft) ++

Hippopotamus (Hippopotamus amphibius, Linné 1758) G(f) ++

Impala (Aepyceros melampus, Lichtenstein 1812) gg/bb f +++ +

Klipspnnger (Oreotragus oreotragus, Zimmermann 1783) gg/bb f + +

Leopard (Panthera pardus, Linné 1758) c + + + +

Onbi (Ourebia ourebi, Zimmermann 1783) gg/b + +

Porcupine (Hystnx cnstata, Linné 1758) g/bft(o) + +

Roan (Hippotragus equinus, Desmarest 1804 gg/b +

Sitatunga (Tragelaphus spekei, Sclater 1864) G(f) +

Spotted hyena (Crocuta crocuta, Erxleben 1777) c + +

Topi (Damaliscus lunatus, Burchell 1823) G(b) ++

Warthog (Phacochoerus aethiopicus, Pallas 1767) ggo +++ + ++ +

Domestic animals

G(b) +++Ankole cattle

Bunqi Game

l(f) + + + +Aardvark (Orycteropus afer, Pallas 1766)

African civet (Civettictis civetta, Schreber 1776) CO + + + +

Baboon (Papio cynocephalus, Linne 1766) g/bo ++ ++ + +

Bohor reedbuck (Redunca redunca, Pallas 1767) G ++ +

Buffalo (Syncerus caffer, Sparrmann 1779) gg/b ++ + + +

Bushbuck (Tragelaphus scnptus, Pallas 1776) bb/gft + (+) ++ +

Bushpig (Potamochoerus porcus, Linné 1758) go + ?

Common zebra (Equus burchellu, Gmelin 1788) G(b)t ++ +

Defassa Waterbuck (Kobus ellipsiprymnus, Ogilby 1833) gg/b ++

Duikers (Cephalophus spp ) gg/bb o ++ + ++ +

Eland (Taurotragus oryx, Pallas 1766) bb/g (ft) ++

Giraffe (Giraffa camelopardalis, Linné 1758) B(g)f +++

Hippopotamus (Hippopotamus amphibius, Linné 1758) G(f) ++

Impala (aepyceros melampus, Lichtenstein 1812) gg/bb f +++ +

Klipspnnger (Oreotragus oreotragus, Zimmermann 1783) gg/bb f + +

Leopard (Panthera pardus, Linné 1758) c + + + +

Lion (Panthera leo, Linne 1758) c + + + +

Onbi (Ourebia ourebi, Zimmermann 1783) gg/b + +

Porcupine (Hystnx cnstata, Linne 1758) g/bft(o) + +

Sitatunga (Tragelaphus spekei, Sclater 1864) G(f) +

Spotted hyena (Crocuta crocuta, Erxleben 1777) c + +

Topi (Damaliscus lunatus, Burchell 1823) G(b) ++

Warthog (Phacochoerus aethiopicus, Pallas 1767) ggo ++ + ++ +

Domestic animals

nil

G = pure grazer

gg = frequently grazer

g = occasionally grazer

B = pure browser

bb = frequently browser

b = occasionally browser

c = carnivorous

f = frugivorous

I - insectivorous

t = tuber, root, bark

o = omnivorous

m = migratory

+++ = estimated population density high

++ = estimated population density medium

+ = estimated population density low

Animals written in bold occur only in 1 area
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The abundance of animals within the study areas reflects the intensity and type of land-use in

the studied areas:

Kikulula is a breeding ranch for Boran cattle since 1976. In the average about 12'000 cows

are grazing in a rotational way an area of 75'000 ha. The relatively low stocking rate

explains the relatively abundant game. Formerly, the southern part of Kikulula and the

Burigi area was used by the Bahima as dry season pasture for their cattle (Msalilwa,

personal communication).

m Karama, large mammals have been almost completely extinct in the densely populated
and cultivated area (see also 3.5.4). Only a few decades back, the Bugesera area was only

pastured by cattle held by Tutsis (Bahima) and was rich in game (Liben 1965).

Lake Mburo National Park, created in 1983, has a long and turbulent history (Anon. 1994).

Although a designated conservation area since 1935, wildlife has suffered many setbacks

due to tsetse fly control programmes, political unrest and due to still ongoing competition
with livestock.

The study area of Burigi lies adjacent to the northern boundary ofthe Burigi Game Reserve.

The area is currently not inhabited but the game populations suffer from extensive

poaching. The Reserve was gazetted in 1972 in order to protect the large game population
of the area (Rodgers et al. 1977). Cattle were presumably common in the area before the

major rinderpest epidemics at the end of the last century (Rodgers et al. 1977, see also 3.2).

At the time of the creation of the Reserve, the area was slightly settled by peasants,

principally practising agriculture and having only few domestic animals. For planting

agricultural crops they cleared mainly riparian and gallery forests. Since 1972, when the

population got moved out, the forest and tree/shrub cover generally increased (see also

7.1.3); and in particular the extension ofthe area occupied by riparian and gallery forests is

significant. This becomes apparent when comparing aerial pictures from 1961/62 and

1986/87. The rapid regeneration of riparian and gallery forests demonstrate the high
resilience capacity ofa savanna landscape (see 7.1).

As shown in Table 46 animals are most frequent in savannas on plain where grazers found more

palatable grasses than on stony hillside (see fodder value, 6.4.3.1). The significantly higher
abundance ofherbivores on flat areas is also confirmed by observations in the Akagera National

Park (Spinage & Guinness 1972). Within the study areas grazing predominates amongst wild

herbivores and in particular amongst domestic animals with cattle being almost pure grazers.

However, many herbivores alter their food habits seasonally with respect to the availability of

the plants (see, e.g., Field 1971) and their nutrient value (Stewart 1971). Almost pure grazers or

browsers are the exception (Lebrun 1947). Field & Ross (1976) showed that elephants alter their

food habits in relation to the season in the Kidepo Valley National Park in Uganda. Woody

plants formed almost halfthe diet of elephants in dry months and it is during this period that the

impact on woody vegetation is likely to be highest (Laws 1970, see 6.4.3.1). On the other hand,

the intake of woody material was only one fifth during wet months (see also e.g., Buechner &

Dawkins 1961; Laws 1970; Beekman & Prins 1989; Sinclair 1995). This corresponds with

changes in the nutritional value of the food sources. Another example of a mixed feeder is the

impala (Talbot & Talbot 1962) which changes its food habits with respect to the season.

Dunham (1980) reported from the Sengwa Wildlife Research Area, Rhodesia (nowadays

Zimbabwe), that grasses are selected preferentially during the wet season while woody plants

are selected in the mid-dry season when the protein content oftheir leaves is higher than that of

the grasses (see also Field 1971, Unesco 1979).
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Thanks to the thick cover and shade thicket clumps are a favounte hidmg and restrag place for

many mammals as shown in Table 46 (see also Anon 1994) Furthermore, they are also a home

for numerous birds as, eg, Centropus supercihosus, Corythaixoides personata, Cossypha

heuglim, Cnnifer zonurus, Lamanus ferrugineus, Musophaga rossae, Pogoniulus leucolaima,

Ptyonoprogne fuligula, Tocus nasutus,Turdoides melanops (Daniel Bemer, personal

communication)

Until recently large browsing herbivores including (Loxodonta africana, Blumenbach 1797),
black rhmoceroses (Diceros bicorms, Linne 1758) and possibly greater kudus (Tragelaphus

strepsiceros, Pallas 1776) were a lot more numerous than nowadays Accordmg to Ross et al

(1976) the latter two species are browse-dependant species

Actually, at least three groups of elephants (about 40 - 60 animals each) still live m the

Tanzanian part of the Kagera Region Kikulula (Msahlwa, personal communication), Kitengule
Ranch (contiguous to the northeastern border of the Kikulula Ranch), and Kagoma (about 20

km south of Kikulula) A more precise estimation is difficult since elephants migrate between

the Kagera and Kigoma Region (south of Kagera) Formerly, elephants certainly used thicket

clumps and semi-deciduous forest as still do the population living m the area ofthe large semi-

deciduous forest of about 20 km2 at Kagoma (Kabona, personal communication) As reported
from Lake Manyara National Park, Tanzania (Isaay, personal communication) and from Mount

Kenya (Schmitt, personal communication) elephants frequently occur in forest formations on

steep slopes similar to those ofthe Kagera Region

Until recently, a large elephant population lived in the Tanzanian part of the Kagera Region

Rodgers et al (1977) estimated the elephant population m the Bungi Game Reserve to be about

500 in 1974 (aenal survey) In the 1980s, at least three additional groups of migratory elephants
lived m Karagwe (Isaay & Kasusura, personal communication)

A small group of elephants lived m the Bugesera area in Rwanda up to the 1970s Liben (1965)

reported that the elephants possibly descent from elephants immigrating earlier from Uganda

According to Vande weghe (1990) elephants were remtroduced in 1975 m the Akagera National

Park (few elephants lived in the park until the early 1960s) No reports exist about elephants in

the Lake Mburo area

According to a population census from 1974 (aenal survey) the number of black rhinoceroses in

the Bungi Game Reserve was still estimated to be about 100 (Rodgers et al 1977)' Black

rhmoceroses were also common in the Rumanyika Game Reserve in the 1970s (Rodgers et al

1977) However, according to several oral reports the last black rhmoceroses were seen m

Karagwe, Tanzania in the late 1970s

According to Vande weghe (1990) rhinoceroses were introduced m the Akagera National Park

in Rwanda in 1957 Their survival like that ofthe reintroduced elephants is uncertain, due to the

recent civil strikes in Rwanda Like elephants, black rhinoceroses may use forest formations on

steep slopes (Lake Manyara National Park, Tanzania (Isaay, personal communication)

Greater kudu were said to occur m the early 1950s in the Tanzanian part ofthe Kagera Region

(Rodgers et al 1977) Since their occurrence is uncertain their impact will not be discussed any

further
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6.4.3 Impact on vegetation

Herbivores affect vegetation stmcture and floristic composition directly by grazing/browsing

(e.g., Lebrun 1947; Anderson & Talbot 1965; Lind & Morrison 1974; Unesco 1979; Herlocker

et al. 1993; Holtmeier 1999), trampling (Boer 1985) and digging and indirectly by seed

dissemination (Lebrun 1947; Lamprey 1963; Unesco 1979; Archer 1989) by excrement

(Thomas 1946) and by soil compacting due to trampling (Lock 1972, see 6.2.5). Effect of

trampling by large herbivores (especially elephant, hippopotamus and buffalo) is most obvious

along game paths where soil compacting with lower soil infiltration rates (Belsky 1986) and

increased erosion may alter the micro-relief (Lebrun 1947; Lamprey 1963). But trampling may
also have a positive effect by treading seeds into the ground (Lebrun 1947; Lamprey 1963).

Digging by elephant, rhinoceros and other herbivores at termite mounds and at salt licks may

result in localised disturbances and digging and rooting by suids results in some measure of soil

turnover thereby increasing soil porosity and accelerating mineralisation (Lock 1972; Cumming

1982). Many animals visiting thicket clumps in the Kagera Region are granivorous and/or

frugivorous thereby playing an important role in the dissemination of plant species (see also

Archer et al. 1988). According to Liben (1961) about 60 % of thicket clumps plant species in

the Bugesera in southern Rwanda are zoochores whereby 44 % are endozoochores. The mode of

dissemination, although important for vegetation dynamics, will not be discussed any further.

Animals preferentially stay in thicket clumps, what may lead to excrement accumulation in this

vegetation type.

When water is available, the feeding pattem of wild herbivores appears to be determined

primarily by palatability associated with the stage of growth and growth form of food plants

(Anderson & Talbot 1965). However, sites with good cover for predators may deter game from

grazing these localities when there is adequate pasture elsewhere (Anderson & Herlocker 1973).

Also, most of the herbivores appear to avoid heavy-textured soils when they are wet like the

black cotton soils from Kikulula. This is possibly because of difficulty in walking and the

"balling up" of the heavy clay on the animals (Anderson & Talbot 1965; Anderson & Herlocker

1973).

Food availability of different vegetation types varies with the season and depends also on the

fire regime (see 6.4.3.3). The abundance of the dry season food is the limiting factor for

herbivores and should be used for defining the carrying capacity of a rangeland (but see also

Walker 1993).

Lamprey (1963) analysed the feeding and habitat preferences of 14 common ungulates in the

Tarangire Game Reserve in Tanzania. He found that ecological separation amongst these

herbivores is achieved by six different factors:

1. the occupation of different vegetation types and broad habitats;

2. the selection of different types of food;
3. the occupation of different areas at the same season;

4. the occupation ofthe same area at different seasons;

5. the use of different feeding levels in the vegetation;
6. the occupation of different dry season refuges.

Since each game species has a particular ecological niche, feeding occur on a wide variety of

plants (e.g., Talbot & Talbot 1962; Jarman 1971; Anderson & Herlocker 1973; McNaughton &

Wolf 1973; Lind & Morrison 1974; Cole 1986) i.e., the net primary production of a rangeland is

thereby better used than by cattle which grazes selectively (e.g., Vesey-FitzGerald 1970; Götz

1975; Unesco 1979). The timely sequence of grazing/browsing ensures that a reasonable supply
of fodder is nearly always available (see also Cole 1986). This and the abundance of swampy
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areas grazed in the dry season make possible that the animal populations in Kikulula, Lake

Mburo National Park and Bungi are mainly sedentary

Synclair (1975) showed that for three savanna types in the Serengeti in Tanzania there is an

excess of production over consumption by ungulates, small mammals and acndians (see also

6 5 1) and with the exception of the short-grass savanna, fires destroy 15 - 35 % more plant
matenal than is consumed by all the herbivores and saprophages combined He concluded that it

is the declining availability of green plants, and hence of protein, in the dry season that limits

populations ofherbivorous vertebrate consumers

Apart from elephant (see 6 4 3 2) and hippopotamus (see 6431) there is no clear evidence of wild

herbivores contributing to rapid and major changes in vegetation structure (Lock 1972, Cumming

1982) On the other hand, overstocking of cattle leads to a depletion of perennial grasses and

palatable herbs, to an increasing proportion of annuals and unpalatable species coupled with

reduced herbaceous cover (Cumming 1982) Grazing by domestic cattle imposes a more severe

strain on the vegetation, since they concentrate on the most palatable grass species (Cole 1986)

Grazers and browsers have a different impact on the vegetation structure and thereby also on the

tree-grass ratio (e g, Gauslaa 1989, Lenzi-Gnllini et al 1996) On the other hand, any change of

the forest and tree/shmb cover affect the proportion of the grazers and browsers in an area

(Holtmeier 1999)

6.4.3.1 Impact by grazing

By stimulating new shoot production, grazing may lead to a more nutntive pasture and so attract

more herbivores (Hopkins 1983) Grazing by large herbivores may create suitable habitats for

others (Lamprey 1963) E g ,
buffaloes prefer taller and coarser grasses that most other grazers

cannot tackle, and hence at high population density they may reduce the grassland to the height

preferred by more selective feeders (Cumming 1982, Hopkms 1983, Anon 1995) Another

example of grazing succession is the hippopotamus which intensively grazes around the Bungi

lake shore by producing a palatable lawn grassland of Cynodon dactylon for Defassa waterbuck,

impala, Bohor reedbuck and warthog (Rodgers et al 1977) Accordmg to Lock (1972) the

mostly loosely anchored tussock grasses are easily pulled out by the tuggmg motion when

hippopotamuses graze thereby favouring the better anchored and rapidly spreading sod grass

Cynodon dactylon (see also 6 4 3 3) Very intensely grazed and trampled areas by hippopotamus
m the vicinity of permanent water lead to soil compacting thereby mcreasmg the water surface

runoffwith inherent erosion nsk (Cumming 1982, Lock 1972, Lock 1993)

Herlocker et al (1993) analysed the impact of different levels of grazing pressure on the main grass

species within the Themeda tnandra grass savanna in East Africa They found that net primary

production (above- and underground) and forage quality are closely associated with the degree of

grazing by herbivores They further reported, that overgrazing causes reduced vegetative cover, an

increase in annual grasses, in forbs of low nutritive status and palatabihty, and m woody vegetation

On the other hand, some perennial tussock grasses like Themeda tnandra (Lock 1972, Lind &

Momson 1974, Hoag et al 1991, see also 644 and 6 4 7) or Panicum maximum will not withstand

heavy grazing and disappear

Table 47 shows the main grasses in Kikulula and the feeding preferences of cattle based on own

observations confirmed by cattle keeper The estimated fodder value of these plant species is of

limited value for wild grazers since their feeding preferences are often complementary (Talbot &

Talbot 1962) Furthermore, some grasses and other plant species, prefened by some wild ungulates,

are recorded as being relatively unpalatable to domestic livestock, wherefrom some mvade or
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become dominant in overgrazed areas (e g, Sporobolus pyramidalis, Solanum mcanum, see Heady

1960, Talbot & Talbot 1962, Lock 1972) Cynodon dactylon, on the other hand, is a grass species

which is generally much favoured by most grazing wild herbivores and by cattle (see also Talbot &

Talbot 1962, Lamprey 1963, Stewart 1971) Also Brachiana spp and Panicum maximum are

generally recognised as good fodder grasses

Table 47. Estimated fodder value for cattle of frequent grasses from Kikulula

Species Estimated fodder value

Plain

Brachiana spp +++

Cynodon dactylon +++

Hyparrhenia rufa ++

Panicum maximum +++

Setana kagerensis (thicket clump) +++

Themeda tnandra ++(+)

Stony hillside

Hyparrhenia newtonii ++

Loudetia simplex (also plam) +

Sporoboluspyramidalis (also plam) +

+ lowfodder value
+ + mediumfodder value
+++ highfodder value

The forage value of a species is linked both to its stage of development and its biomass (Unesco

1979) Freshly shooting grasses (also resprouting) have generally an equally high crude protein

and mineral content (eg, Robyns 1938, Glover 1968, Spinage & Guinness 1972, Heady &

Heady 1982, Holtmeier 1999) The grasses with a low fodder value are only grazed when

young Gauslaa (1989) reported that the protem content of young perennial grasses (widely

dominating in the Kagera savannas) is more than twice that of plants at the end of the growing

season The differences m the palatabihty of grasses from stony hillside and plam are obvious

All good fodder grasses grow on plain This may explain why herbivores are far more frequent
on plam than on stony hillside (see 6 4 2)

It is important to know that the fodder value of species depends widely on the site (m particular
on soil fertility) and should not be extrapolated to other places A given species may have a very

low fodder value on a poor sod, while the same species may be very palatable on a nch soil

(Robyns 1931, Lebrun 1947)

6.4.3.2 Impact by browsing

The most frequent larger browsers of the study areas, i e, eland, giraffe and impala, browse

predominately on savanna trees and shmbs Occasionally they browse along the edge of thicket

clumps (semi-deciduous forest) Their impact of browsing is more important on juvenile thicket

clumps and may even hinder its genesis Elands use their homs to break down branches on which

to feed The damage resulting from combined tree-breaking and bark-horning can be likened to a

small-scale version ofthat expected of elephants (Lightfoot & Posselt 1977) Most browse plants

are acceptable to eland (see also Watsonand & Owen-Smith 2000) which may also feed on

evergreen thicket clump species like Euclea divmorum (Lightfoot & Posselt 1977) Leuthold &
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Leuthold (1972) studied the food habits of giraffe m Tsavo National Park in Kenya They found

marked seasonal differences in the diet of giraffe, deciduous trees, shrubs and lianas being
dominant m the rainy season, evergreen plants m the dry season In the Kagera savannas, giraffe

preferentially feeds on Acacia spp (in particular Acacia zanzibanca) Impala shows preference for

Dichrostachys cinerea and Hamsonia abyssinica and during the dry season especially for

Cappans tomentosa and Secunnega virosa (see also Dunham 1980) or Euclea schimpen (see also

Talbot & Talbot 1962) all three growing within the edge of thicket clumps However, these

browsers have never been observed within thicket clumps (semi-deciduous forests), density and

the abundance of formidably armed plants of these forest formations, prevent these animals to

enter the thicket clumps

The damage by elephants on the forest or tree/shmb cover may be important and has been reported
m habitats ranging from semi-and savannas to the moist equatonal forest-savanna mosaic

(Cumming 1982) The impact vanes greatly in space and time and depends on the elephant

population size and on the forest or tree/shrub cover In the last decades, overpopulation of

elephants m several National Parks and Game Reserves in Africa coupled with intensified land-use

outside the protected areas due to rapid population increase, led to dramatic vegetation changes
This is shown by Laws' (1970) well-documented case studies from National Parks in East Africa

(Murchison Falls, Lake Manyara, Serengeti, Tsavo and Ruaha) and by Field (1971) from Queen
Elizabeth National Park A most striking example is the destruction of a high percentage of the

forest cover of the Murchison Falls National Park within a few decades (see also Buechner &

Dawkms 1961, Smart et al 1985, Anon 1995) On the other hand, vegetation changes mduced

by elephants create new habitats favourable for other species (Lamprey 1963, Vesey-FrtzGerald
1973b)

The migration of elephants is widely determined by food availability and quality (Rodgers et al

1977) According to Holtmeier (1999) they feed on a vanety of grasses and forbs (succulents are

highly preferred) and browse most of the deciduous plants but avoid sclerophyllous trees and

shmbs (Lebrun 1947) Impact of elephant browsing on forest formations is most important

along the edge They may reduce the tree/shmb cover within the forest margin mamly by a)

breaking off large branches or even knocking down respectively uprooting trees and shmbs for

facilitating browsmg b) nngbarking, and c) trampling the understory woody plants As a result,

light penetration increases sufficiently to permit the spread of grasses into the forest thereby

producmg sufficient and easy flammable fuel to carry fire from surrounding savannas into the

forests (Buecher & Dawkms 1961, Laws 1970, Eltnngham 1979) On the other hand, gaps

within forests created by elephants are usually rapidly closed by abundant natural regeneration

and lateral growth ofneighbouring trees and shmbs (see also Belsky & Canham 1994), provided
that the openmgs are surrounded with dense forest thereby preventing the entering of savanna

fires

According to Field (1971) elephants in Queen Elizabeth National Park in Uganda preferentially
feed on thicket clumps shmbs, as well as on herbs from within and beside thicket clumps The

area (number and size) of thicket clumps, dommated by Capparis tomentosa, in the Queen
Elizabeth National Park depends on the browsmg intensity as shown by Lock (1993) and Lenzi-

Gnlhni et al (1996) The impact of browsing on thicket clumps dynamic was even higher than

the impact of fire since thicket clumps also increased m regularly burnt areas (Lock 1993) In

Kikulula elephants are preferentially browsmg on Acacia spp which get often uprooted

Browsing by elephants may lead to a markedly decrease of the tree and shmb cover within

savannas and natural regeneration of woody plants may be prevented at high browsmg pressure

(e g ,
Laws 1970, Field & Ross 1976, Ross et al 1976, Hopkms 1983, Smart et al 1985, Lock

1993, Ben-Shahar 1998, Van de Vijver et al 1999) Furthermore, fire may increase the negative
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impact of elephants by killing freshly debarked trees before fire-resistent cork layers can be

formed (Buechner & Dawkms 1961, Lind & Momson 1974)

Black rhinoceros utilises a vanety of habitats, but often shows positive selection for dense

formations as shown by Tatman et al (2000) from a Kenyan sanctuary They are heavy browsers

and very selective in their diet which includes many forbs, shmbs, and by preference also legumes

(Goddard 1968, 1970) Succulent species like Euphorbia spp and Sanseviena spp, which are also

frequent in thicket clumps (semi-deciduous forests) of the Kagera savannas, are highly prefered

(Goddard 1968, 1970) The impact on the forest and tree/shmb cover by black rhmoceroses is less

obvious than that of elephants smce a) they are predominately "ground" feeders (Goddard 1970),

and their impact on the tree-grass ratio is therefore most manifest m the understory and b) smce

their number is lower

6.4.3.3 Interrelationship between herbivory and fire

Bummg and grazing/browsing are closely interlinked (e g, Komarek 1972, Rodgers 1979,

Goldammer 1993) and have a significant impact on the tree-grass ratio and thereby also on the

fodder value of a rangeland (Unesco 1979) Both grazing/browsing and fire consume "biomass"

but their impact differs mainly by the fact that a) fire is seasonal and b) grazing/browsing is

selective (Goldammer 1993) A specific fire regime mcreases some species while it decreases

others accordmg to their charactenstics (Phillips 1930, Spinage & Guinness 1972, Herlocker et al

1993, see also 6 3 3 1,634, and 635) Wild and domestic animals prefer recently-burnt areas, but

they may overgraze it if too many animals occupy the area, leading to a markedly decreased net

primary production m the next year (Pratt 1967) By a portionwise burning of a large range, grazing

rotation can be achieved, since animals tend to follow bummg (Heady & Heady 1982, Pyne 1992)

Grazing reduces the fuel load and thereby the intensity of a subsequent fire (Langdale-Brown et al

1964, Anderson & Talbot 1965, Götz 1975, Schule 1990, Belsky & Amundson 1992) This is

particularly unportant in overgrazed areas where very low fire mtensrty or even fire exclusion may

lead to encroachment (Werger 1977, see 6 4 7) As outlmed (see 6 4 3 2), browsers may prevent

natural woody regeneration from becommg high enough, to escape destruction by fire (Belsky

1989, Goldammer 1993)

The growth habit of the grasses plays an unportant role in then reaction to grazing likewise to

bummg Sod grasses spread more rapidly than the slow-moving tussock grasses due to then-

extensive system of rhizomes respectively stolons They are efficient colonisers on disturbed

habitats (see also Scholes & Walker 1993) In the study areas, important sod grasses with rhizomes

are Brachiana decumbens, Chlons gayana, Cynodon dactylon and Paspalum notatum which are

all good fodder grasses A sod grass with strong rhizomes m the study areas is Digitana pearsonn

Afolayan (1979) found that sod grasses m the northem Guinean savanna zone of Nigena react on

buming (m particular on late burning) by forming greatly increased stolons Cynodon dactylon

(Heady 1960, Herlocker et al 1993) may withstand heavy grazing while Brachiana decumbens

may even be promoted by overgrazing (Hoag et al 1991, see 6 4 7)

Dry season fires provoke grass flush (see 6 3 3 1 and 6 3 4 2) thereby offering additional fodder

of high nutnent value (Gillon 1983) during penod of nutnent deficiency However, Spinage &

Guinness (1972) questioned the sustained benefits for game of the new grass flush mduced by

bummg since abmpt change to ncher fodder value may cause health problems particularly in the

young and old Furthermore, e g, hippopotamus suffer severely after buming as their

exploratory ability is limited Impalas suffer as the browse is scorched and out of their reach

Moreover, a grazed early bum may senously weaken plants (Gillon 1983) and especially

species like Themeda triandra which are sensitive to heavy grazrag (Pratt et al 1966, Herlocker

et al 1993) Furthermore, since a profusion of new grasses appears all at once, on large early
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burnt areas the additional fodder is partially wasted since the regrowth suffers quickly from

drought by the advancing dry season and decays before grazed (Sabiiti & Wein 1988).

Edroma (1984) reported that burning, in particular late dry season firing, promoted dry-matter

production and stimulated growth of and increase in numbers of most species in a Hyparrhenia-
Themeda grassland in the Queen Elizabeth National Park in Uganda thereby also increasing the

fodder value of the rangeland. The fire removed the coarse and fibrous dead shoots of no food

value to animals. Furthermore, regular and especially late burning, favoured practically all the

main species with the exception ofPanicum maximum. In particular Themeda triandra (see also

e.g., Trollope 1982; Deshmukh 1986) and Hyparrhenia fllipendula thrive on fire. On the other

hand, he found that no burn caused deterioration in the species composition and in the net

primary production of grassland but favoured bush encroachment. It is thought that on the

unburnt plots, old grasses retarded new regrowth through shading and through slow nutrient

release (West 1965; Afolayan 1979). West (1965) and Spinage & Guinness (1972) stressed the

fact that Themeda triandra dies out in the absence of fire since it is unable to regenerate under

dense litter. Sabiiti & Wein (1988) working also in the Queen Elizabeth National Park

confirmed the results from Edroma (1984). They further stressed the fact that high grass

production, stimulated by a late burning regime, hinders the woody regeneration. Rippstein

(1985) working in the Adamaoua Region of Cameroon found only a slight improvement of the

fodder value of a pasture depending on the site and the fire season compared to fire exclusion.

West (1965) concluded that burning increases the net primary production of moist savannas

while fire is rather detrimental in arid savannas of Africa. However, Gillon (1983) pointed out

that on a long-term basis it is difficult to appreciate the impact of repeated burnings on the

aboveground grass production.

A rangeland manager should have a clear understanding of the autoecology and production

processes of grasses as well as of the significance of their morphological and physiological

adaptive characteristics (Unesco 1979; Deshmukh 1986; see 6.4.4). This will allow to define the

appropriate prescribed buming and grazing scheme in order to improve the quality of a pasture

(Heady & Heady 1982). Intensive cattle grazing tends to promote the spread of unpalatable plant

species, many of them being woody (Gillon 1983); burning is necessary to offset the negative
effects of selective grazing by domestic stock (West 1965).

6.4.4 Adaptations of the vegetation to herbivory (and fire)

The origin and evolution of savannas is intimately linked with the presence of herbivores (e.g.,
Lebrun 1947; Lamprey 1963; Vesey-FitzGerald 1970; Cumming 1982; Heady & Heady 1982;

Scholes & Walker 1993; Jacobs et al. 1999). The prolonged effects of fire upon the savanna

habitat have not only resulted in the development of special fire-tolerant communities of plants

(see 6.3.4) but also of animals which are dependent on this type of vegetation (Heady & Heady

1982). Like fire, also herbivory, favours the most resistant plants, i.e., those plants that can best

withstand recurrent grazing/browsing.

Some main plant adaptations to herbivory which serve to increase fitness and reduce prédation

(see Cumming 1982; Heady & Heady 1982) are listed below (some characteristics help also to

survive recurrent fires):

Vegetative growth by underground rhizomes, stolons above ground, short basal internodes,

and basal meristems in linear leaves;

Annuals, because they are quickly reseeded;

Production of abundant seed;
Fruits adapted to rapid spreading and burial;
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Fast growth and short reproductive cycle (Götz 1975);

Rapid building of replacement shoots growing from the axils of leaves immediately below

the browsed tip (Vesey-FitzGerald 1973b);
Protective plant structures, e.g., thorns (Foster & Dagg 1972);

Symbiosis with stinging ants deterring browsing (gall-acacias; see Foster & Dagg 1972);

Chemical, e.g., poisonous content.

Plants having evolved to survive fire and grazing and some of them may even depend on both

factors for regeneration (Heady & Heady 1982). Elimination of grazing changes species

composition of the vegetation resulting in reduced ground cover, more litter and less forage

production what is similar to the fire exclusion phenomena (see 6.3.1.1 and 6.3.5).

6.4.5 Preliminary discussion of vegetation - herbivory relation

Herbivory is mostly manifested by grazers on savannas and in particular on plains in the Kagera

Region. The impact of browsers on thicket clumps is most apparent in the dry season. At this

period the proportion of browse taken, mainly evergreen species, is markedly increased.

Currently, however, browsing in thicket clumps and savannas is quite low due to the small

population of elephants and the absence of black rhinoceroses. Formerly, the impact of large

populations of elephants and to a lesser degree also of black rhinoceroses on thicket clumps and

on savanna trees and shmbs and their regeneration was certainly considerable, although it

cannot be exactly assessed.

Rainfall, herbivory and fire are closely interlinked (see 6.4.3.3) and they influence the net

primary production and the quality ofthe fodder. The type ofherbivory (grazing or browsing) is

widely determined by the available graze and browse which depend on the rainfall (Vesey-

FitzGerald 1973b).

Since grazers widely predominate in ranching, the prime management goal is often to keep

savannas open. To reduce woody vegetation, managers will therefore try to produce maximum

fire intensity by late burning (Nkemi à Tchie & Gakahu 1989; Van Wilgen et al. 1990; Bhima &

Bredenkamp 1999). The intensity ofthe fire may be increased by allowing accumulation of fuel

during two to three years without burning. However, it should be kept in mind that a specific
fire regime has a selective impact on the grass composition (Spinage & Guinness 1972;

Koechlin 1993) and thereby on the fodder value of a pasture (Klötzli 1980b). On the other hand,

in protected areas, the abundance and variety of forest formations favours browsing herbivores

(see 6.4.7).

Likewise to fire exclusion (see 6.3.5), complete protection from grazing and browsing animals

as well as overgrazing can also lead to a uniform environment with low biodiversity (Smart et

al. 1985; Lenzi-Grillini et al 1996). The resulting habitat is not only uniform but for many

grazing species it is unsuitable feeding habitat (Smart et al. 1985).

6.4.6 Miombo

The rangeland potential ofthe wetter Miombo area is higher than that ofthe Kagera savannas.

The net primary production ofthe herbaceous layer is higher and the Miombo trees represent an

important browsing resource for both cattle and game ranching in particular in the dry season.

Trees flush when protein content ofthe herbaceous layer is lowest (Gauslaa 1989). As outlined,

however, tsetse flies represent a main constraint for rangeland management.
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Cattle ranching exists only around inhabited areas on fallow land at Lusahunga and few

herbivores feed in the woodland (impala, Defassa waterbuck, bushbock and duikers). Only
baboons are frequent.

6.4.7 Encroached savannas

As outlined (see 5.3, 6.2.5 and 6.4.3.3) overgrazing may lead to encroachment mainly a) by

weakening the grass component and b) reducing the fuel load (Vesey-FrtzGerald 1963) resulting
in cool burning which favours the woody components in particular by increased sprouting (see

6.3.4.2). In East Africa, overstocking combined with the total control of grass fires has led to

extensive bush encroachment (Skovlin 1972). However, the degree to which herbivory and fire

influence the tree-grass ratio depends also on the browsing intensity (Knapp 1973; Van Wilgen
et al. 1990; Prins & Van der Jeugd 1992).

The prevalence of cooler fires due to removal of fuels by extreme cattle grazing and the low

number of browsers may have triggered the Acacia hockii invasions in Lake Mburo National

Park (Hoag et al. 1991) and Karama. Overgrazing may also be the reason for the marked

decrease ofthe formerly dominating grass Themeda triandra (Langdale-Brown et al. 1964; Pratt

et al. 1966; Lind & Morrison 1974) in favour of the currently largely dominating shade-tolerant

good fodder grass Brachiaria decumbens (Hoag et al. 1991) in dense Acacia hockii stands and

of the poor fodder grass Cymbopogon nardus in more open stands (see also Lind & Morrison

1974; Herlocker et al. 1993). In particular, bush encroachment with Acacia hockii is very severe

on footslopes what is also confirmed from Queen Elizabeth National Park, Uganda (Lock 1993).
As outlined, intense fire may be an appropriate tool to reopen encroached areas. However, since

the grass fuel is usually low in encroached areas, it may be necessary to cut at least partially the

acacia stems at the beginning of the dry season in order to increase the fuel load. A late dry
season fire should then produce high fire intensity close to the ground, thereby possibly

destroying the rootstock ofthe acacias (see also Bloesch et al. 2002).

However, encroached savannas classified as inferior pasture for grazing mammals may offer an

excellent habitat for browsers such as rhinoceros or eland (Goddard 1968; Lightfoot & Posselt

1977). Intense browsing by wild herbivores (Lightfoot & Posselt 1977) or goats (Klotzli 1980a,

1980b) may reopen encroached areas.
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6.5 Termites

6.5.1 Introduction

Savanna ecosystems harbour a vast number of invertebrates belonging to very many species, the

greater part of them, both m numbers and m biomass, bemg underground consumers of dead

plants or organic debns (Unesco 1979) Herbivorous insects, and in particular termites, are

undoubtedly important m savanna dynamics, but have been largely ignored m studies of

herbivory m favour of native ungulates and cattle (Andersen & Lonsdale 1990) In some moist

savannas also earthworms are major consumers (see Unesco 1979) but they are only of mmor

importance m the Kagera savannas In semi-and grassland areas termites harvest a forage

standing crop equivalent to or greater than that consumed by wild herbivorous mammals

(Lepage 1974, Bödme & Ueckert 1975, Synclair 1975, Deshmukh 1986) Termite consumption

of net pnmary production ranged from 10% m Senegal (Lepage 1974) to more than 80% m the

and areas of northem Kenya (Bagyne 1984) Accordmg to Bakuneeta (1989) a large termite

colony, e g, Macrotermes, can remove more than one ton of biomass (litter and dead wood,

organic matenal m general) per year Ohiagu & Wood (1979) estimated an annual

decomposition of grass and litter by Trinervitermes and Macrotermitinae m a Southern Guinea

savanna m Nigena to be between 1'235 and 2'342 kg for an ungrazed savanna and 1'313 and

1'637 kg for a grazed savanna The decomposition of grass and litter by termites leads to a

reduced fire hazard and mtensity (Bakuneeta 1989)

Termites belong to the order isoptera smce the wmgs of the reproductives are of equal size

Over 2500 species of termites are known today, classified m seven families (Pearce 1997)

Termites can also be divided mto wood- and/or htter-feedrag, fungus-growing, humus- and soil-

feeding and grass-feedmg types, but some overlap often occurs Termite numbers, species and

nest vanety are higher m equatonal regions Termite distnbution can be related to temperature

and ramfall, which change with latitude, and the limits of survival are between latitudes 45 and

50° north and south (Pearce 1997)

Termites have different castes workers, soldiers, reproductives, and larvae (Pearce 1997) Due

to their poor abdommal sclerotization, especially in the worker caste, they can appear white and

are often called "white ants" in some parts ofthe world (Pearce 1997) Termites differ from ants

and other social insects m many respects a) termites have no tme sense larval and pupal stages,

i e
,
the "larvae" are miniature versions of adults and b) the male termite (king) remains with the

female throughout her lifetime and does not die after mating

Termites considerably influence the tree-grass interactions by a) their feeding activities, b) soil

moving/mixing and c) building of mounds Nest construction is typical mamly for higher

termites (Termitidae) Besides the specialised tree-nesting species, many ofthese termites build

subterranean nests with little or no epigean (i e above-ground) stmcture (Noirot 1970) A

mmonty (mamly members of the subfamily Macrotermitinae) build large epigean structures,

which form conspicuous features m the landscape (Hesse 1955, Darlmgton 1994) The shape of

mounds vanes considerably (Pomeroy 1977), and much is still unknown about the mteraction of

construction behaviour and environmental conditions (Darlmgton 1984) An elaborate

ventilation system (often specific for a species) ensures a stable temperature mside the mounds

(Darlington 1984, 1985, 1994) The thick-wall mounds protect the colony against the effects of

fire, and the entry ofpredatory ants and vertebrates (Howse 1992)

Termite mounds provide shelter for numerous animals According to Darlington (1984) and

Glover et al (1964) animals which dig holes m or occupy old aardvark holes of termite mounds

m East Africa are dwarf mongoose (Helogale undulata, Peters 1852), bat-eared foxes (Otocyon

megalotis, Desmarest 1822), jackals (Cams mesomelas, Schreber 1775), hyenas (Crocuta
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crocuta, Erxleben 1777) and sometimes warthogs (Phacochoerus aethiopicus, Pallas 1767)

Many other small mammals and reptiles use the air passages incidentally, e g , ground squirrels,
rats and mice, shrews, geckos and a vanety of snakes (Darlmgton 1984) Male topis

(Damaliscus lunatus, Burchell 1823) often use bare termite mounds as vantage pomts (Anon

1994)

6.5.2 Assessment of termite species and of their ecology

We especially studied mound-building termites smce they are important for the vegetation

mosaic of the Kagera savanna (see 6 5 3) Their mounds highly contnbute to the small-scale

heterogeneity of savannas We did not consider termites living inside a piece of wood or m

subterranean nests, since their impact on the tree-grass interactions seems to be less obvious

The followmg termites, all of the family Termitidae, have been identified m the mam studied

areas, i e Kikulula, Karama and Lake Mburo National Park as well as m the Miombo

woodland

Table 48. Mound-building termites in the Kagera Region

Study area Cubitermes Trinervitermes Macrotermes Odontotermes Pseudacantho-

termes

Kikulula PGS pGS PG(s) g -

Karama GS gs Gs - -

Lake Mburo PGs ps PG - PG

Miombo PGs - PG - -

Based on our experiences we used thefollowing density classes

P = > 3 moundsperha (Cubitermes > 10per ha) onplains

p
= < 3 moundsper ha (Cubitermes < 10 per ha) on plains

G = > 3 mounds per ha (Cubitermes > 10 per ha) on gentle to moderate slopes (gradient < 20%)

g
= < 3 moundsper ha (Cubitermes < 10 per ha) on gentle to moderate slopes (gradient < 20%)

S = > 3 mounds per ha (Cubitermes > 10 per ha) on stony hillsides (gradient > 20%)

s = < 3 mounds per ha (Cubitermes < 10 per ha) on stony hillsides (gradient > 20%)

The most frequent termites are shown m Fig 44
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Fig. 44. Most frequent species in the studied areas left ( ubitermes imcmdensis middle

Irmervitermes geminatus and right Macroteimes sublnahtms hems (nomenclature see

paragraph Macrotermitinae) photograph M Hafhei

lermitinae

( ubitermes uzandensis exists in all analysed study areas and on different landforms

( ubiteimes feed on humus and use tiieu faeces which consists of clay and vegetable overlefts

for building nests Height and diameter of C ubitermes mounds does usually not exceed 0 5m

Tlie cellular stmcture of the mounds looks like a natural sponge (see Fig 45) A particular

teatuie of f ubiteimes is their ability to construct in moist areas drip tips to help remove ram

quickly (Peaice 1997 see Fig 46) In the Kagera savanna only few mounds have tips
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Fig. 45. Cellular stmcture off ubitermc s looking like a natuial sponge (photograph M Hafhei)
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Fig. 46. ( ubitermes with drip tip for rapid removing of rain (photograph M Hafner)

\asutitermitinae

Iimerviteimes gemmatus were most abundant in kikulula where they occur on different

topography (mound size characteristics see 6 5 3 2) The tvpical featuie of Nasutitermitinae is

their long narrow nose-shaped head with an opening of the fiontal gland at the tip (Pearce

1997) Tlie soldieis may fire the secretion on enemies which get immobilised by the glutinous

mucus 1 nnoviteimes aie predominateK grass feeders and eat wood onlv when grass

availability was reduced (Pearce 1997) They might influence grass species composition

because of species preferences as teported by Sands (1961) from West Africa I rinervitermes

mounds characteristically have a hunchback surface structure (see Fig 47 and 48)
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Fig. 47. Typical hunchback stmcture of a Trinervitermes mound (photograph M, Hafiier)
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Fig. 48. Internal stmcture of a Trinervitermes mound (photograph M. Hafher)
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Macrotermitinae

Tlie termites of this bub-family are fungus growers (Pearce 1997) They feed prefeientiallv on

drv wood and litter which then pass through the gut and are deposited as pellets in a comb-like

structure in the nest (Wood & Thomas 1989) /ermilomvees fungi specific for each teimrte

species digest the comb down to simpler materials which can be reingested by termites (Pearce

1997) By eating on the fungus-comb termites include in their gut cellulase necessary to digest

cellulose Also bacteria and protozoans present in the gut can help m the breakdown of food

(Lnesco 1979 Pearce 1997) The fungus-combs rich m proteins and vitamins (Munyarugerero

1977) act as a reserve and are consumed in periods of food shortage (Bakuneeta 1989) Fungus

comb teimites use foi mound building little grains of sand pasted together with clay and saliva

whereby the soil particles are carried up from the deeper subsoil (Lee & Wood 1971) Tlie

covei matenal consists ot sparely changed soil from the ground the inside-material is enriched

with organic matenal and with exchangeable calcium and potassium-cations This building

manner needs a lot of moisture (Pearce 1997) Fungus-growing termites remain remarkably

unaffected by differences in the fire regime (Gillon 1983)

Taxanomic difficulties are known to exist for die genus Macrotermes where ecologically

distinct species may be morphologically similar (Darlington 1985) Therefore we renounced to

distinguish between Macrota mes ^ubhxahmis (Rambur) and Macrotermes hems (Sjostedt) for

oui termite samples Mounds of Mattoteimes predominately occur on plains and on gentle

slopes In karama they also occur on hillsides with gradients up to 25°0 They aie massive and

ot amorphous surface structure (see Fig 49 and 50 for their size characteristics see 6 5 3 1)

Fig. 49. BareMaciotcrmes mound on plain in kikulula (photograph M Hafiier)
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Fig. 50. Internal structuie of a Macrotermes mound (photograph M Hafner)

There are no satisfactory keys for the identification of African Odontotermes species

(Darlington 1997) Mounds of Odontotermes are not abundant and occur only on foot-slopes
outside of thicket clumps in Kikulula and Lake VIburo National Paik The size of the mounds

usually does not exceed 5() cm in height and 100 cm in diameter Tlie typical feature of diese

Odontotermes is their vertical shafts (see Fig 5 1 ), which serve for air ventilation in the mound

Odontotermes are specifically grass feeders (Pearce 1997)
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Fig. 51. Typical Odontotermes mound with a vertical shaft (photograph M Hafiier)

PsLudacanthotames spinigtr (Sjostedt) are fiequent in Lake Mburo m valley bottoms and on

gentle slopes but are absent in the other study areas They build two different forms of termite

mounds The mound with an inclined dome is shown in Fig 52 (size characteristics see 6 5 3 1)

Pseudacanlhotumes spimgu feeds pieferentially on dry wood and litter but contrary to most

termites the foraging is diurnal
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Fig. 52. Amorphous Pstudacanthotermes spmigei mound with an inclined dome (photograph
M Hafiier)

None of the studied termites aie primarily feeding on living woody plants In Africa damage
caused to indigenous trees are rare but exotic species and in particular Eucalyptus are often

heavily attacked (Munyamgeroro 1977) It is remarkable that the three dominating termite

species have a different feeding behaviour The Macrotetmes prefer dead organic matenal like

litter the ( ubitermes mainlv feed upon humus and the 1 nnervitermes almost only grass, so die

three species do not directly compete for food So it is not amazing that some active ( ubiteimes

mounds were located on active Maciotcrmes mounds Termites often occupy mounds built by
different species (Pomeroy W6 Andersen & Lonsdale 1990) Darlington (1994) ieported joint

occupancy of mounds by different species from the genera Pseudacanthottrmes

Incistrotcrmes Odontoteimts Microtomes, and Macrotermes in the Rift Valley Province of

Kenya
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6.5.3 Vegetation cover of termite mounds

Termite mounds in Africa, South America and Australia are interrelated with vegetation
mosaics (Montgomery & Askew 1983; Holtmeier 1999; Klotzli 2000). Glover et al. (1964)
found that distinctive vegetation zones occur on the mounds and on the surrounding grounds
affected by rain wash from the mounds in the Loita Plains of Kenya. The shape and stmcture of

these mosaics is mainly controlled by the topography.

The association between termitaria and thicket clumps in seasonally waterlogged flat area

(sometimes called Dambos in Zambia or Mbugas in Tanzania, see Fig. 53) is a well known

feature (Langdale-Brown et al. 1964; Pomeroy 1976; Cole 1986; Howse 1992; Longman &

Jenik 1992). However, thicket clumps do also occur on termitaria outside seasonally

waterlogged areas as reported by Holtmeier (1999) and by Hovestadt (personal communication)
from the Comoé National Park in Ivory Coast. Some authors called this vegetation type termite

savanna (e.g., Troll 1936; Knapp 1973; Walter 1973). The occurrence of the thicket clumps on

large termite mounds can be ascribed to a combination of the effects of fire and drainage

(Langdale-Brown 1957). The surrounding vegetation, mostly grass savannas with tall

gramineae is fired regularly. This hinders the spread of thicket clumps. In poorly drained

valleys thicket clumps are found only on the termite mounds which are well aerated and drained

(Langdale-Brown et al. 1964; Holtmeier 1999). According to Spinage & Guinness (1972) the

characteristic rich thicket clumps on termite mounds in the Akagera National Park are more

likely a result of the slight elevation above the grass fires than a result of the better drainage of

these sites. However, the dynamic processes leading to this particular vegetation patchwork are

not fully understood. Furthermore, thicket clumps do also occur on slopes with no essential

drainage differences between thicket clumps and surrounding savanna formation.

The relationship between termitaria and vegetation depends on the termite species. The small

mounds of Cubitermes are always bare of vegetation even if they occur within thicket clumps.

Very few Odontotermes mounds have been identified and only one (hillside Kikulula) was

partially covered by vegetation in the boundary line of a thicket clump. On the other hand

mounds of Macrotermes and Pseudacanthotermes spiniger, almost exclusively located on

valley bottoms and gentle slopes (see Fig. 53), and Trinervitermes on hillsides are often

associated with thicket clumps (at least partially). The latter three species will be analysed in

detail in the following chapter.
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Fig. 53. A typical single termite mound (Macrotermes) within a tincket clump in a valley

bottom at Kikulula

6.5.3.1 Large termite mounds on plains and gentle slopes

Bakuneeta (1989) found that all new Macrotermes hems mounds were built m open habitats

(and not in thicket clumps) after the nuptial flights (swarming) which occurred at the beginning
of die rainy season in September Rainfall apparently influenced mound building According to

Nye (1955) Macrotermes nigenensis are able to build new mounds of about 60 cm within one

month Similar building capacities may have Macrotermes suhhxalinus I hems It allows them

to build new mounds high enough for staying above the flooded area in die mid-ramy season m

October-Nov ember

Macrotermes sub/nalinus hems and Pseudaeanthotermes spiniger build larger and higher

mounds than do the other termite species according to Bakuneeta (1989) the largest

Vfaerotermes hems mounds are predominately covered with thicket clumps Bakuneeta (1989)

showed that the mature Maeiotermes hems mounds in Lake Mburo National Park vary in size

from 0 9 to 1 2 m high by 5 7 to 7 1 m in diameter Generally mounds in valley bottoms were

larger than those on gentle slopes We found die largest Macrotermes mounds in Kikulula on

seasonally waterlogged plains where diey may grow up to a height of 4 m and up to 15 m in

diameter

The larger and higher mounds in areas that are prone to temporary flooding ensures that the nest

is maintained above the water table preventing mound inhabitants from being drowned during

heavy rams (Bakuneeta 1989) Pseudaeanthotermes spiniger and Macrotermes build mounds of

similar stmcture, but those from Pseudaeanthotermes spiniger are smaller m size (< 2 m m

height and 4 m in diameter) Pseudaeanthotermes spiniger are only found in Lake Mburo

National Park
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It is questioned whether thicket clumps occur preferentially on abandoned Macrotermitinae

termitaria (Hesse 1955; Walter 1973; Lind & Morrison 1974; Bakuneeta 1989; Jones 1992) or

also on active termitaria (Thomas 1945; Spinage et al. 1972). We found many active termite

mounds bearing thicket clumps. There still remains the question about the origin of thicket

clumps. We postulate that thicket clumps originate predominately on at least partially
abandoned and not maintained termite mounds (Anon. 1995; Pearce 1997) since the surface pan

of active mounds is too hard to be colonised by plants (Glover et al. 1964). We observed on

active mounds that termites very rapidly repair every damage on the mound caused, e.g., by the

termite eating aardvark (Orycteropus afer, Pallas 1766), or by animals sharpening their horns,

rubbing their skin or licking salt (Bakuneeta 1989). However, on an abandoned mound damages
are not repaired what allowed erosive forces to take effect. The hard surface pan will be at least

partially weakened thereby favouring plant growth.

The dissemination of seeds is favoured by a variety of granivores and frugivores visiting

frequently young bare mounds (see e.g. Jackson & Gartlan 1965). Abandoned mounds are

frequent and ants, the major enemy oftermites, are assumed to be a major reason. Doryline ants

can cause very high mortality mMacrotermes nests in Africa, often killing the whole population

(Pearce 1997). Secondary colonisers, including termite colonies of different species, often

resettle abandoned termite mounds (Trapnell et al. 1976). As outlined (see 6.5.2), Macrotermes

frequently recolonise old mounds (Pomeroy 1976; Darlington 1985). Bakuneeta (1989) reported
that Macrotermes may also resettle abandoned mounds within thicket clumps although these

termites do not live in forests. The termites may be attracted by the less extreme water

conditions within thicket clumps. We conclude that numerous, if not all, termite colonies living
in mounds within thicket clumps are secondary colonisers and not the primary mound builders.

Longevity of tennitaria is possible since abandoned mounds are easily resettled by new termite

colonies. This is in particular true for vegetated mounds which are well protected from surface

damage through mammalian body and hom rubbing and from erosion (Bakuneeta 1989). The

longevity of tennitaria is confirmed by Watson (1967): he analysed a termitarium from an Iron

Age burial ground in Rhodesia (nowadays Zimbabwe), and showed by radio-carbon dating an

age of at least 700 yr for a mound of a height of 2.7 m which was occupied by Macrotermes

goliath, as well as Odontotermes as secondary colonisers.

Heavy rain erodes the surface of mounds not completely protected by a thicket clump and

leaves a compact deposit of infertile soil (hardpan) around the base which is often of bare soil

(Glover et al. 1964; Zonneveld et al. 1971; Pomeroy 1976) or only poorly colonised by some

plant species (e.g., Chloris virgata, Harpachne schimperi, Eragrostis tenuifolia, see also relevé

4 Ki.PSC of Kikulula in appendix C). In particular during the dry season the contrast between

the poorly colonised base of the termite mounds and its surroundings is obvious (see Fig. 54).

Old eroded mounds of bare soil may form a particular landscape mosaic within savanna

formation what can be easily detected from the air (Glover et al. 1964). The spare vegetation
cover at the base oftermite mounds reduces also the fire intensity.
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Fig. 54. Burnt slope with white spots at Kikulula which are Trinervitermes mounds surrounding

by bare soils (photograph A Wirth)

In general only one Macrofermes I Pseudaeanthotermes spiniger mound occurs per tincket

clump (see Fig 53) Exceptionally two mounds per thicket clumps occur on gentle slopes m

Lake Mburo National Park (most probably Pseudaeanthotermes spiniger) Pseudaeanthotermes

spiniger (Darlington 1994) and Macrotermes michaelsem Sjostedt (Darlington 1985) may build

several mounds at a single site nest site Whether such is also the case in Lake Mburo National

Park could only be verified by excavating the mounds Tlie typical vegetation of termite mounds

is characterised in chapter 5 1 5

6.5.3.2 Large termite mounds on stony hillsides

Dry stony hillsides may not be a convenient site for Macrotermes, which need a lot of moisture

for building their mounds Very few Macrotermes mounds occur on stony hillsides and never

within thicket clumps On the other hand, Innervitermes mounds on hillsides are quite frequent
Tlie size of 7nnervitermes mounds does usually not exceed 1 2 m in height and 2 m in diameter

We estimate that about two thirds of all 7 nnervitermes mounds are partially vegetated, thereby

serving as an important nuclei for future thicket clumps If the vegetation cover becomes too

dense tiie mound gets abandoned We never found mounds of Trinervitermes (mainly grass

feeders) withm ducket clumps
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6.5.4 Impact on soil properties (see also 6.2)

One of the most important differences between the soil-forming environments of tropical and

temperate latitudes arises through the presence of termites only in the tropics (Young 1976).

Termites can disturb the soil profile, affect the soil texture and redistribute organic matter (Lee

& Wood 1971; Wood & Sands 1977). These effects are more important than any changes in the

chemical properties of soil caused by termites. Macrotermes, moving soil from below ground,
create different layers of soil (Pearce 1997). They export large volumes of relatively infertile

soil to the surface and may lower soil fertility (Lind & Morrison 1974). Soil profiles described

from areas with termite mounds have almost no surface litter (Jones 1992). Termites, which

remove and digest litter, surely are of great benefit in helping the rapid turnover of nutrients

(Lind & Morrison 1974; Jones 1992). As there are few earthworms in many African savannas,

termites are important for recycling matter (Pearce 1997). Organic and inorganic compounds
can remain locked in mounds and are only released when the mound is destroyed (Pearce 1997).

It has been observed that maize, sisal and other crops planted on old broken-up termitaria in

cultivated land are greener and taller than elsewhere (Hesse 1955; Glover et al. 1964; Howse

1992). The accumulation of minerals in areas in which soil mineral content is poor can provide

a salt-lick for elephants and other mammals, which eat the termite mound soil.

Termite activities may loosening-up the surface soil (Trapnell et al. 1976), improving soil

texture by mixing topsoil with subsoil and increasing the air and water content in the soil. The

increased soil porosity allows entry of other soil organisms and plant roots (Pearce 1997).

Termite mounds have usually a higher clay fraction and therefore a better water-holding

capacity than the surrounding topsoils. The same holds for Kikulula plain for Macrotermes and

Cubitermes mounds, i.e., they have, respectively, 2 and 2.5 times higher clay contents than the

surrounding savanna topsoils, which have about 20 % clay. However, in heavy textured topsoils
like in true Vertisols, termite mounds may have a lighter structure than the surrounding topsoils

(Herrmann, personal communication). We add some density figures for different types of

termite mounds (excluding chambers and main passages):

Trinervitermes: 635 g/dm3
Cubitermes: 895 g/dmJ
Macrotermes: 1535 g/dm3

Differences between the internal mounds stmcture for different termites are documented by the

above listed figures. Macrotermes mounds are very compact (see Fig. 50), with only the core

part and the passages for termites and air circulation as porous elements. On the other hand,

Cubitermes and Trinervitermes (see Fig. 45 and 48) mounds have a uniform porous structure

with a rather low density.

In many cases the soil of termite mounds has more favourable chemical properties than the

surrounding soils (Jones 1989, 1990). For example, Trapnell et al. (1976) reported from the

Zambian Miombo significantly higher pH and higher organic matter and cation nutrient contents

in Macrotermes and Cubitermes mounds than in surrounding soil. Lee & Wood (1971)

confirmed that the organic matter content is higher in most termite mounds than in the soil from

which the mound was constructed. Such is expected, since termites use organic substances

(saliva or faecals) to cement soil particles or aggregates. Lai (1987), summarising previously
documented trends, stated that soils from mounds ofMacrotermitinae have significantly greater

concentrations of nutrients, but similar concentrations of organic carbon. However, numerous

examples exist where there is no difference in the chemical composition of termite mounds and

surrounding soils (Hesse 1955; Knapp 1973; Holtmeier 1999).
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The physical and chemical properties of termite mounds vary a) due to the heterogeneous

stmcture of the mound being composed of many chambers and galleries, b) due to the site-

specific conditions (building material), c) due to the age of the portion of the mound sampled,
and d) due to the termite species. Therefore we did not further study the soil characteristics of

termite mounds.

6.5.5 Dispersion pattern of termite mounds

We analysed the dispersion pattem of Macrotermes (on plains, see Fig. 55 and 56) and

Trinervitermes mounds (on hillsides, see Fig. 54).
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Fig. 55. Dispersion pattern of 29 Macrotermes mounds in a valley bottom at Kikulula. The

studied area is part of a continuum.
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Fig. 56. Dispersion pattern of 42 Macrotermes mounds in a valley bottom at Lake Mburo

National Park. The studied area is part of a continuum.

It is important to notice that we considered all mounds including the few actually inactive

mounds of the studied termite species. The analysed sites were predominately colonised either

by Macrotermes or Trinervitermes. Only Cubitermes on the Macrotermes sites were quite

frequent.

The ratio variance/mean as well as Green's Index (GI) have been calculated and the results are

presented in Table 49.



Termites 236

Table 49. Dispersion pattern ofMacrotermes and Trinervitermes mounds

Termite Location Size of N° Size n mound X s2/x s2 Green's

species site

(ha)

of SU SU (a) dens/ha
index

Macrotermes Kikulula plain 2.5 11 23.0 29 12 2.64 0.44 1.15 -0.019

Macrotermes Lake Mburo plain 6.7 29 23.0 42 6 1.45 0.67 0.97 - 0.008

Trinervitermes Kikulula hillside 0.21 84 0.25 116 550 1.38 0.64 0.89 -0.003

Trinervitermes Kikulula hillside 0.5 34 1.5 108 220 3.18 0.77 2.45 - 0.002

Trinervitermes Kikulula hillside 0.3 49 0.6 68 230 1.39 0.50 0.70 - 0.007

s2 = variance

x = mean number oftermite moundsper sampling unit (SU)
n = total number oftermite mounds in sample

According to Ludwig & Reynolds (1988) the properties ofthe Green's index are as follows:

Maximum uniformity: -l/(n-l)

(i.e., for our five examples: - 0.036, - 0.024, - 0.009, - 0.009, - 0.015)

Randomness: 0

Maximum clumping: 1

The variances (s2) of the studied Macrotermes and Trinervitermes are always smaller than the

mean number oftermite mounds per sampling unit. The dispersion pattern is therefore uniform

(see 4.2.2.6). Green's Index supports for all studied areas a uniform dispersion pattern. Our

findings are in agreement with Glover et al. (1964) and Zonneveld et al. (1971) who postulated
that the distribution of Macrotermitinae mounds tends to be regular when the habitat is

comparatively uniform.

Essentially, the intra-specific competition leads to the uniform pattern and defines a species

specific upper Hmit ofthe mound density (see below). Abe & Darlington (1985) and Bakuneeta

(1989) reported intra-specific competition for Macrotermes michaelseni and M. herus.

Bakuneeta (1989) indicated that M. herus collect their food in a range of about 10-20 m from

the mound what may be considered as the territory of a mature colony. The territory of

Macrotermes michaelseni extends up to 50 m from the mounds as measured by Darlington

(1982) in Kenya.

The distance between two mounds respects in general a minimal distance and reflects probably
the territory required by the termite colonies (usually only one Macrotermes species occur on a

given site). The average of the nearest distance between two Macrotermes mounds in Kikulula

is with 16.7 m (s = 6.43) shorter than in Lake Mburo with 27.6 m (s = 4.90). Macrotermes

mounds in Kikulula are usually of larger size. Trinervitermes in Kikulula have an average

nearest distance between two mounds of 4.1 m (s = 1.8) for the first example.

Inter-species competition seems to be of little importance, since the feeding behaviour differs

considerably. As already mentioned, it is even possible, that two different species colonise the

same mound (see 6.5.2).

Bakuneeta (1989) found that in generally Macrotermes herus mounds in valley bottoms in Lake

Mburo were less dense (< 10 mounds per ha) than those on gentle slopes (> 20 mounds per ha)

what is in line with our findings for a valley bottom (6 mounds per ha, see Table 49). The

density oîMacrotermes mounds in valley bottoms in Kikulula is about 12 mounds per ha. Since
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not all termite mounds are vegetated the number of thicket clumps per ha is slightly lower

Liben (1961) and Runyinya (1979) found a thicket clump density m the Bugesera area m

southern Rwanda of 10 - 15 and 20 - 30, respectively Pomeroy (1977) reported for Ankole

mound densities ofMacrotermes subhyahnus between 2 and 13 mounds per ha, while Hesse

(1955) gave density figures of 2 - 3 for Macrotermes spp for East Africa Tnnervitermes

mound densities m Kikulula vary between 220 and 550 mounds per ha Andersen & Lonsdale

(1990) found when summansmg mound densities of Tnnervitermes spp m Africa to vary

greatly between 9 and 1300 mounds per ha However, compansons of mound densities have to

be done with caution because mound densities vary with the vegetation cover (Lee & Wood

1971) and many mounds no longer contain termites (proportion of abandoned mounds vanes

with both site and species) or are occupied by different species (Andersen & Lonsdale 1990)

Furthermore, figures reported m the literature tend to be maxima rather than means, as the sites

with highest densities naturally attract most interest from ecologist (Andersen & Lonsdale

1990)

Termite savannas with large mounds of Macrotermitinae are a typical feature of the Kagera
savannas on plams and gentle slopes An exception are the plams m the Bungi area where very

few if any mounds exist although Macrotermitinae are present on adjacent gentle slopes The

absence oftermite mounds on flat areas may be caused by the ants living in a symbiotic way m

the pseudo-galls ofthe Acacia zanzibanca which build monospecific stands (see Fig 57) While

severe waterloggmg and long dry seasons (and possibly also the ants living m the acacia galls)
are hmdenng the growth of other savanna species the same conditions favour the growth of

Acacia zanzibanca (see 6 2 3) Large and almost pure monospecific stands of Acacia

zanzibarica do also occur in the coastal savannas of Tanzania south of Tanga where termite

mounds are also absent or rare We do not agree with Milewski (1993) who claimed that the

absence ofMacrotermitinae in the coastal area ofTanzania is due to the relatively high moisture

of these savannas, smce the coastal savannas of Tanzania are very similar to the Kagera
savannas with respect to the climate
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I4 ig. 57. Stand of monospecific Acacia zanzibarica with pseudo-galls at Bungi, termite mounds

are absent

6.5.6 Preliminary discussion of the vegetation - termitaria relation

We conclude that

1) On flat areas and gentle slopes at least partially abandoned mounds of Macrotermes may

initiate and support die growth of thicket clumps m three ways (m Lake Mburo National

Park also Pseudaeanthotermes spiniger)
a) Fire protection as a result of the slight elevation above the grass fires and die often bare

soil at the foot-slope of the mound

b) Increased soil fertility in many cases

c) Good soil drainage m seasonally flooded flat areas

2) On hillsides [nnervitermes mounds may help to initiate ducket clumps by providing fire

protection (see la)

3) Macrotermes on flat areas and I nnerxntermes mounds on hillsides show a uniform

dispersion pattern Tlie distance between two mounds most likely reflects die territory

required by the termite colonies The distance does not fall below a minimal value The

uniform pattern seems to be a result of the intra-specific competition

4) Tlie longevity of large termitaria favoured by the "mutualism" between termites and

vegetation cover, allows die stability of the vegetation mosaic of thicket clumps within a

savanna matrix on plain
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7. Final discussion

7.1 Savanna landscape dynamics

The complex distnbution patterns of the savannas as a whole and of the distractive types of

vegetation within them have generated conflicting views on the relative importance of the

factors influencing their distnbution and aroused controversy over their status and ongm (Cole

1986) Most mam determinants not only determine the savanna dynamics by constant impact of

similar importance but often as abrupt, short-lasting disturbances (Gauslaa 1989, Walker 1993)
Common disturbances are e g ,

extreme rainfall, altering the micro-relief, or changes m the fire

regime or changes in the patterns of human use (such as cattle grazing or agnculture)
Disturbances are strongly interactive, they may have direct (e g, selective grazing) and îndnect

effects (grazing reduces the fuel load and thereby the fire mtensrty) on the savanna

physiognomy and influence the response of the ecosystem to future disturbances Furthermore,
manifold feedback effects render the system even more complex (Noy-Meir 1982)

Understanding the interplay of the mam determinants and the disturbances, is a prerequisite for

the assessment of savanna dynamics (see also Vesey-FrtzGerald 1973b, Skarpe 1991b, 1992)
One has to know that disturbances may be the result of abrupt changes ofthe mam determinants

(e g ,
new termrtanum) or they may be other events unrelated to the mam determinants (e g ,

death of a tree)

The significance and relative importance of all these parameters differ markedly amongst

savannas (Walker 1987) The key to successful management of savannas is in understanding the

dynamics ofthe system m relation to particular events or pattems of events and in being able to

specify and recognise the events or signals which radicate when to adopt (or not adopt)

particular management actions (see eg, Walker 1987, Archer 1990, Walker 1993) In this

context the knowledge ofthe major past events (e g, rinderpest, major droughts, insect emption)
is a prerequisite for the interpretation of the present (Vesey-FrtzGerald 1963, 1970, Walker

1981) Moreover, when analysing the dynamics of an ecosystem it is very important to consider

its spatial structure (Belsky 1983, Walker 1993, see Fig 58) and to define the geographical and

time scale

Patchiness

Patchiness is one of the defining elements of savannas (Brarthwarte 1996) Belsky (1983, 1987,

1989), for example, listed numerous factors leading to vegetation patches (e g ,
termitana, trails,

wallows, clonal growth of dominant species) within savanna landscapes The significance of

these disturbances depends on their sizes and the longevities This spatial heterogeneity is most

pronounced m savannas with an intermediate tree and shmb cover m the Kagera savannas

Furthermore, also different bedrock may lead to patchiness as e g m the coastal savannas m

northern Tanzania

Vegetation mosaics are manifold m savanna landscapes (see eg, Belsky 1986, Klausmeier

1999, Klotzli 2000) Isolated trees are important elements of savanna vegetation mosaics

(Belsky et al 1993, Belsky & Canham 1994, Scholes & Walker 1993) Belsky & Canham

(1994) have highlighted that isolated trees produce distinct understory patches different from

those of the open savannas thereby ennchmg the spatial heterogeneity The shading by the

canopy, increased litter, urine/dung accumulation (from mammals attracted by the shade and

from birds perchmg in the tree) and possibly the transport ofnutnents from deep or distant soils

by tree roots and mycorrhizae activity, all this generally leads to higher soil moisture and

nutnent content beneath trees (especially in and climate) and therefore higher herbaceous-layer

productivity (e g, Foster & Dagg 1972, Weltzin & Coughenour 1990, Scholes & Walker 1993,

Belsky et al 1993, Belsky 1994, Belsky & Canham 1994, Medina 1996) Kellman (1979)
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suggested that also the capture of precipitation may function as a major mmeral-nutnent source

Accordrag to Weltzin & Coughenour (1990) and Belsky et al (1993) the relatively high

herbaceous biomass concentrated near the bole may be the result of stem flow, bark sloughing

and tree age Weltzin & Coughenour (1990) postulated that the tree canopy also reduces the loss

of nutnents due to erosion Size and shape of the patches are not congment with the crowns of

isolated trees (e g, due to the insolation factor, see Belsky & Canham 1994) Weltzin &

Coughenour (1990) postulated that the mcreased soil fertility and herbaceous biomass

production under trees considerably enhance the likelihood of a stable mixture of herbaceous

and arboreal life forms Furthermore, death of trees causes frequent small-scale disturbances

(Scholes & Walker 1993)

In the Kagera savannas isolated tree canopies promote mamly broad-leafed grasses like

palatable Panicum maximum (see also Scholes & Walker 1993) and Brachiana spp They

remam longer green at the beginning of the dry season than open savanna grasses (see also

Weltzin & Coughenour 1990) When trees are eliminated the site conditions become more xenc

leadmg to the replacement of these grasses by coarser grasses such as Hyparrhenia spp

(process reversible)

Smce isolated savanna trees persist for 50 to more than 100 years they constitute a rather

permanent element of the landscape (Belsky & Canham 1994) Even after death of the isolated

trees distinctive, long-lived understory patches remam (Belsky & Canham 1994)

Isolated trees remam as discrete elements, particularly m areas with frequent fire (Belsky &

Canham 1994) But they may also act as regeneration nuclei for the expansion of forest

vegetation mto savannas (Belsky & Amundson 1992) Isolated savanna trees may initiate the

genesis ofthicket clumps (forests) as is the case with Prosopis glandulosa (mesquite) in the Rio

Grande Plains of Texas (Archer et al 1988) or may facilitate the invasion of moist forest trees m

the Mountain Pine Ridge savanna of Belize m Guatemala (Kellman 1979) Seed-eating birds

and mammals usmg the tree environment may promote this process by introducing additional

propagules of woody species (Kellman 1979, Belsky & Canham 1994) In the Kagera savanna

isolated trees or shmbs alone may initiate the genesis of thicket clumps only on stony hillsides

But also on these sites the genesis of thicket clumps is greatly facilitated by termitana (see

7 1 1, 7 1 2, 7 1 3)

African wild herbivores, because of their vanety m size and diet, undoubtedly promote the

patchmess on a local scale through feeding, trampling, digging and burrowing (Belsky 1987,

Scholes & Walker 1993) Patch size m such mosaics may vary from a buffalo dung pat through

a bushpig rooting patch or a hectare of trees felled by elephants to a migratory wildebeest herd

grazmg several hundred square kilometres (Cumming 1982) Larger herbivores may have a

significant influence on geomorphological processes through diggmg waterholes and mamly

through paths which provide waterways and develop mto erodable channels and through

denudation of vegetal cover and lrtter which results in mcreased runoff and erosion (Cumming

1982)

As outlmed, burning (in particular cool burning, see 6 3 3 1) and termites (see 6 5) may further

mcrease the mosaic Also heavy stormflow altering the surface due to erosive forces thereby

continuing creatmg new micro reliefs

The numerous spatial heterogeneities m savanna landscapes produce a high floral and faunal

diversity (McNaughton & Wolf 1973, Belsky & Canham 1993, Belsky et al 1993, Belsky 1994,

Klotzli 1993) However, the high diversity mduces not necessanly a greater stability (Onans

1975, Kreeb 1983, Klotzli 1993) This is underlined by the relative species poor tree savanna

type with Acacia zanzibarica (10-15 species) m Bungi, which has a high stability According to
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Margalef (1975) and Orians (1975) it is difficult, perhaps impossible, to find direct causal

relationships between stability and diversity, and to explain stability in terms of diversity or

vice-versa (see stability below)

Fig. 58. Rich vegetation mosaic with numerous niches m the savanna landscape of Ibanda

Tree-grass ratio

Tlie competition and balance between grasses and trees (including tall shrubs) is perhaps die most

important aspect of savanna dynamics (Noy-Meir 1982) Understanding of factors regulating die

mixture of herbaceous and woody plants in savannas may help us to identify disturbance and

transition thresholds and tiiereby to anticipate undesirable changes in plant community stmcture As

a consequence land management practices can be adjusted accordingly (Archer 1990)

Tree and grass layer usually interact competitively but sometimes also beneficially, at least for the

grasses (see patchiness) Former models of tree-grass interactions have suggested that a stable

coexistence of trees with grasses is possible smce die trees have exclusive access to subsoil water

and grasses compete favourably for topsoil water (e g ,
Walter 1971, Walker et al 1981, Walker &

Noy-Meir 1982) In the meantime field experiments have shown that grasses may also utilise

subsoil water and trees roots may be very competitive in using topsoil water (e g ,
Weltzin &

Coughenour 1990, Belsky 1994, Scholes & Walker 1993) Scholes & Walker (1993) showed that

die difference in phenology offers another axis for niche separation between trees and grasses in

savannas It has frequently been observed that woody plants achieve full leaf expansion before the

grasses do Trees could have preferential use of the early rams, while the grasses are more

competitive in the mid-rainy season Scholes & Walker (1993) concluded that the predominance of

savannas in climates of high rainfall seasonality would suggest that temporal rather than spatial
niche separation may be the key to coexistence in savannas
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Weltzin & Coughenour (1990) postulated that increased soil fertility and herbaceous biomass

production under trees may enhance the likelihood of a stable mixture of herbaceous and arboreal

life forms (see also Unesco 1979; Silva 1996). The distribution of the woody plants widely
determines the pattern ofgrass species distribution (Scholes & Walker 1993).

Fig. 59. Schematic diagram of main factors determine tree-grass ratio in a savanna landscape

In East Africa, however, communities at the low end of the rainfall gradient are dominated by thorn-

scrublands, not by grasslands (Belsky 1990).
11

Relatively few savanna trees are adapted to seasonal waterlogging.
12
Most savanna trees have a high capacity of spreading clonally (coppice shoots and/or root suckers).
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The tree-grass ratio of the Kagera savannas is very variable due to the multitude of vegetation

types with varying life forms and the abundance of small-scale heterogeneities. Frequent

disturbances lead to a very dynamic tree-grass ratio (see also e.g., Noy-Meir 1982; Klotzli

2000). In the absence of disturbances which control woody plant biomass (fire in particular),
savannas increase in woodiness (bush encroachment) until tree growth is limited by competition
with other trees (Lind & Morrison 1974; Scholes & Walker 1993). The fluctuation of the tree-

grass ratio generally is most pronounced in the intermediate shmb and tree savannas while the

fluctuation is smaller in grass savannas or savanna woodlands where the tree-grass ratio is more

extreme. Figure 59 gives a schematic diagram ofthe main factors defining the tree-grass ratio.

Climax and succession

Clements (1916) postulated that for a given climatic region all successional stages tend towards

a final single and stable stage, i.e., the climax. This concept was mainly applied in Temperate

Zones. In forests (at least in temperate climate) the direction ofthe plant course may be uniform

for all disturbed areas and the term climax may be a useful theoretical construct although it has

been widely criticised. In particular, the existence of a single climatic climax (monoclimax) for

a climatic region has been questioned by many authors (see, e.g., Whittaker (1953); see also

Mueller-Dombois & Ellenberg 1974; Kreeb 1983). They mainly argued that there are several

edaphic as well as a biotic climaxes within the same climatic region (polyclimax). Furthermore,

Botkin & Sobel (1975) strongly criticised the concept of static stability implicit in the

Clementsian theory which assumes that an ecosystem will tend to return to its equilibrium state

following the disturbance. Aubréville (1938) developed the climax-mosaic theory for tropical
moist forests stating that several floristically variable formations may build the climax.

Nowadays the original static definition of climax is antiquated since the term climax is seen in a

more dynamic way.

Formerly, many authors assumed that, with the only exception of edaphic (waterlogged)

savannas, the "climax" of all savannas would be some form of densely wooded savanna or

forest: Humbert (1937, 1938) and Lebrun 1947 for the Albert National Park (nowadays Virunga

National Park), Liben (1961) for the Bugesera in southern Rwanda and Aubréville (1949b;

1966) and Schnell (1971) for tropical Africa in general. They believed that this natural course of

plant succession is mainly prevented by recurrent fires, agriculture (see also Vesey-FitzGerald

1963) and in some cases by large browsers. They called the fire-induced vegetational stage fire-

subclimax (e.g., Vesey-FitzGerald 1963) or fire climax (Robyns 1938; Lebrun 1947; Langdale-
Brown et al. 1964; Hopkins 1983). To demonstrate the linear succession towards a densely

wooded savanna or forest climax they cited long-term experimental plots with fire exclusion

(see e.g., Aubréville 1966; Schnell 1971; Backéus 1992). Since fire is part ofthe natural system

as outlined (6.3.1) a hypothetical savanna development without fire towards a vegetation type of

higher forest or tree/shmb cover is purely artificial (see also Scholes & Walker 1993). Therefore

the use of the term fire-subclimax (or fire climax) is misleading and should be replaced by the

term fire-maintained savanna.

We strongly reject this view of an uniform directional plant course of all savannas which is

certainly not true under prevailing climatic conditions for large savanna landscapes such as the

Kagera Region (see also thicket clump dynamics below and Walker 1981). The high

heterogeneity in savannas leads to patch dynamics consisting of a multitude of different

successional stages (see also Walker 1993). These small-scale successions do not have a

unidirectional and linear course of plant succession towards a final single and stable stage

(equilibrium). More realistically the physiognomy of a savanna landscape fluctuates between

different savanna types (see Belsky 1989; Nicolis 1992) depending on the site conditions and

the disturbances. Only some moist savannas converted by man from moist forests into

agricultural crop land or pasture (often called derived savanna, see Backéus 1992) may indeed
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show a uniform trend towards forest when becoming fallow land (like, e.g., the densely

populated area of central Uganda, see Langdale-Brown et al. 1964; Backéus 1992). Under the

current climatic conditions all savannas with the exception of derived savannas would have a

savanna climax, just to use this term. According to our opinion, however, the use of the term

climax should be avoided in relation to savannas, since it is not used in a consistent way and the

term does not help to understand savanna dynamics.

Recently a disequilibrium view of savanna dynamics has replaced the classical equilibrium view

based on the Clementsian theory of ecological succession. The disequilibrium theory suggests

an inherently unstable mixture which persists owing to frequent disturbances (Skarpe 1992;

Scholes & Walker 1993). Disturbances can potentially interrupt and alter succession and

prevent the savanna system from developing into either pure grassland or woodland, where tree

growth is only limited by competition with other trees (Jeltsch et al. 1998). Disturbances initiate

secondary successions, whereby the course taken considerably depends on initial site properties

(McNaughton & Wolf 1973; Botkin & Sobel 1975, see also resilience). Secondary succession

after clear-felling and agricultural use is extremely widespread in Africa in the wetter savannas

and woodlands, which comprise the main agricultural region (Walker 1981).

Stability

The term stability has many meanings (Mueller-Dombois & Ellenberg 1974; Silva 1996). While

definitions of stability have previously carried implicit assumptions of an equilibrium or steady

state as a reference point, more current definitions of stabüity recognise that a range or cloud of

system states may be used for reference (Nicolis 1992; Archer et al. 1996). This range may

contain regular cycles at different temporal scales, threshold responses, and apparently chaotic

behaviours with underlying order (see also Gassmann et al. 2000). Interpretations ofthe stability
of an ecosystem has to consider explicitly spatial and temporal scales (see also Walker 1987;

Skarpe 1992). While savannas may oscillate or fluctuate among a range of states, they still can

be stable systems (Archer et al. 1996).

The stability depends on the kind, intensity, and extent of disturbance (Silva 1996). Spatial

heterogeneity and frequent disturbances increase the stability of an ecosystem (see Orians 1975,

Whittaker 1975). Highly varying climatic conditions as in savannas with alternating extreme

periods leads to rather stable ecosystems (Klötzh 1993). Generally, ecosystems are reliable to be

resilient under large disturbances with which they co-evolved, but vulnerable to apparently
minor disturbances of a novel kind (May 1975). Indeed, savannas may be intrinsically stable

relative to other systems, because they have evolved under frequent disturbances. But the

persistence of savannas may necessitate continued disturbance to preserve stabilising

components and properties (Scholes & Walker 1993; Archer et al. 1996).

Resilience

Savannas have been and still are subjected to marked changes (Walker & Noy-Meir 1982;

Gauslaa 1989). They lie in an intermediate and variable climatic belt, hence climatic shifts are

felt immediately and are reflected in constant changes ofthe tree-grass ratio. They are subject to

recurring major disturbances as outlined above. In the face of these and the more recent effects

of overgrazing by cattle and goats, excessive hunting, and removal oftrees for firewood, they

continue to exist and to re-establish themselves after virtual elimination in many areas (Troupin

1966; Walker & Noy-Meir 1982; Cole 1986; Gauslaa 1989; Silva 1996; Bloesch 1999). All of

which points to a high degree of resilience which may be explained by the following factors

(partly modified from Walker& Noy-Meir 1982 and Suva 1996):
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Spatial heterogeneity offering habitat refuge areas,

Large underground biomass acting as a reserve for recovery,

High vegetative regeneration capacity ofthe plant species (the seed bank is very transient in

savannas according to Silva 1996 but Walker & Noy-Meir 1982 claimed the opposite1),
Short life cycles of component species,

Capacity ofhigh seed dispersal,
Recolomsation of gaps through grasses with stolons and other creepmg plants

Furthermore, the high resdience of savanna communities within a broad range of environmental

vanation may be explamed by the diversity of plant responses to environmental disturbances

The extent ofthe changes the savanna communities undergo depend on the type of disturbance,

the flonstic composition and the post-disturbance conditions (Walker 1987, Silva 1996, Walker

etal 1999)

Generally, the resilience is much higher m moist savannas than m and ones The recovery rate

depends not only on the type and size ofthe disturbance, but it is also critically dependent on its

seasonal timing (Scholes & Walker 1993 ) Several examples showmg the high resilience of

savannas exist also m the Kagera Region (Bloesch 2001) The best example is the area of

Nyabugombe m the southeastern part of the Kagera Region now covered with a dense savanna

woodland of Acacia polyacantha (regeneration form seed) The same area was cultivated till

1975, before people moved away and got settled m an Ujamaa village (common settlement)

The existence ofthe mderal plants Tagetes minuta and Leonotis nepetaefoha prove that the area

had been under cultivation m the past

However, the resilience of savannas has its limits and there are many examples m particular m

more and areas where the bounds have been exceeded (Walker & Noy-Meir 1982) A most striking

example is the desertification ofthe Sahel zone m Africa

Thicket clump dynamics

Information about thicket clump dynamics m the Kagera Region and its adjacent areas is rather

rare Amongst the listed authors only Liben (1961) treated thicket clump dynamics as a pnorrty

- Bugesera (Rwanda) Frankart & Liben (1956), Liben (1961, 1965), Runyinya (1979)

Mutara (Rwanda) Habiyaremye (1994)
- Akagera National Park (Rwanda) Lebrun (1955), Troupm (1966), Bouxin (1973, 1974,

1975a, 1975b)

Virunga National Park (formerly Albert National Park, Congo) Lebrun (1947)
Ruzizi Plam (Congo) Germain (1952)

- Queen Elizabeth (Rwenzon) National Park Lock (1977, 1993), Lenzi-Gnlhni et al (1993)

Most authors reported that thicket clumps may coalesce (Lebrun 1947, Frankart & Liben 1956,

Liben 1961, 1965, Troupm 1966, Runyinya 1979, Lock 1977, 1993, Habiyaremye 1994) thereby

building larger forest formations Troupm (1966) showed that thicket clumps and semi-deciduous

forests m the Akagera National Park occur on vanous sod types However, all these authors

neglected the impact of termitaria and they did not consider explicitly the topography which is

fundamental for the type of thicket clump dynamics allowing or not coalescence (see 711 and

7 12)

The inappropnate use of the term climax is also reflected by the conflicting view about the

successional status of thicket clumps and their climax amongst authors workmg in the Kagera

savannas and m neighbouring areas Frankart & Liben (1956) reported for the Bugesera and

Mayaga area of southern Rwanda that thicket clumps m southern Rwanda onginate m shmb
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savannas and they may develop mto the semi-deciduous forest type (forêt sclérophylle) with

Acokanthera schimpen (=Canssa oppositifoha) Later on Liben (1961) considered the thicket

clump type with Apodytes dimidiata var acutifoha and Acokanthera schimpen (=Canssa

oppositifoha) m the Bugesera area as a climax substitute (climax de substitution) which without

perturbation would further develop mto a deciduous forest (forêt tropophile) Also Germain

(1952) thought that the thicket clumps mto the Ruzizi plam may further develop mto a

deciduous forest (forêt tropophile) and he considered the deciduous forest type (forêt

tropophile) with Albizzia grandibracteata and Strychnos potatorum (=S stuhlmannn) as para-

chmax (para-climax, i e, a relict of a formerly much larger forest, see 7 13) Lebrun (1947) for

the Virunga National Park and Habiyaremye (1994) for the Mutara area believed that thicket

clumps are a successional stage of savanna succession towards woodland (forêt claire) Lebrun

onginally (1947) thought that m the absence of human interference thicket clumps would be

replaced by Euphorbia dawei (=E nyikae) scmb forest, but subsequently (1955) suggested that

the latter is edaphically restricted, especially to rocky slopes, thereby implyrag that the

coalesced thicket clumps would be climax over extensive areas Troupm (1966) considered the

semi-deciduous forest type (forêt xéro-mesophile) with Strychnos usambarensis and Drypetes

gerrardii m the Akagera National Park as quasi-chmax (quasi-chmax) or as a pre-chmax (pré-

chmax) but he underlined that the climax is not known Finally, Lebrun & Gilbert (1954)
considered thicket clumps at least locally as probable climax

We believe, however, as outlmed above, that the climax of the Kagera savannas, just to use this

term, is a kind ofsavanna with the woody element depending on the past and current disturbances

The boundary lme between thicket clumps and their surrounding savannas is not stable and

shifts back and forth mamly as a function of the fire regime and the browsmg mtensrty Grass

fire and browsing may kill the proximal ends of the plants but the distal parts will usually
survive and resprout The expansion is facilitated by lianas (particularly those whose stems tend

to creep and root at the nodes) and root suckers (see also Miège 1966, Backéus 1992)

7.1.1 On plain

The dynamics of thicket clumps is determined by termrtana and the intra-specific competition

of their Macrotermitinae colonies dictating a minimal distance between two colonies within a

seasonally waterlogged savanna matnx (see Fig 60) The maximal extension of thicket clumps

is determined by the size of the termrtanum and does usually not exceed 400 m2 m the Kagera

savannas Fire and the current herbivory may only slightly modulate the physiognomy and

extension of the thicket clumps The longevity of the termite mounds (recolonisation of

abandoned mounds) and their mutualism wrth the vegetation allow a stable vegetation mosaic

over centunes

Our results confirmed that according to the first hypothesis thicket clumps within a

matrix of open savanna formations on plains do not grow together and the vegetation

mosaic is stable. The investigations further showed that thicket clumps are exclusively

restricted to termite mounds.
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Fig. 60. Diagram of thicket clump dynamics on plain
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To illustrate the genesis and die development of a ducket clump we give a hypothetical example

as it could happen on plain in Kikulula

A new termite mound develops within the rainy season before the area is waterlogged keeping a

minimal distance to the next active termitarium The termitarium steadily grows up (mamly

during the ramy season) and die termite constantly maintain die surface what renders any plant

regeneration difficult If the termite population gets killed (at least partially), the at least

partially abandoned termite mound may get settled by forbs, grasses, lianas and also by shrubs

such as Rhus natalensis At the same time or shortly later pioneer trees like Euclea schimperi

and Grewia trichocarpa may germinate on the mound Pioneer lianas like Cissus

quadrangulans or Cvphostemma adenocaule start building a loose roof around the growing
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vegetation. The gradually reduced solar radiation in the core part may allow the growing of

more sciaphilous trees like Olea europea var. africana. The extension of the thicket clump

cannot exceed the realm of the termitarium which provide good soil drainage in the seasonally
flooded area.

7.1.2 On hillside

While the dynamics on plain is clear, the dynamics of thicket clumps on hillsides is more

complex and open. For helping to elucidate the main driving forces ofthicket clumps dynamics
on stony hülside we elaborated a model.

7.1.2.1 Ecological modelling of a savanna landscape on stony hillside

Modelling is characterised by the terms: system, model and simulation (de Wit 1999). A

"system" is a limited part of the reality that contains interrelated elements. The totality of

relations within the system is known as the "system stmcture": both systems and models have a

structure. A "model" is a simplified representation of a system. Simulation is the building of

mathematical models and the study of their behaviour in reference to those of the systems.

When the change with time is also included, it is called dynamic simulation (Leffelaar 1999b).

Many numerical computer based models have been elaborated and tested in ecology (see

Journal of Ecological Modelling). Accordrag to Oreskes et al. (1994) ecological modelling has

to consider that natural systems are never closed and always non-unique. Therefore verification

and validation ofnumerical models ofnatural systems are impossible. Only analytical models in

physical science where experiments are repeatable allow verification and validation.

The development of hypotheses and appropriate models to examine particular problems is an

invaluable aid in clarifying the variables and parameters of a system, which most significantly
determine its dynamics (Walker & Noy-Meir 1982). The primary value of ecological dynamic
models is heuristic (Oreskes et al. 1994; Thornley 1998), i.e., die model may give an insight into

the mechanisms of ecosystem dynamics. Our model should contribute to a better understanding of

the vegetation dynamics on stony hillsides. Furthermore it should allow predicting the

development trends of the vegetation mosaic in function of the specific weights of the main

parameters. This may also allow identifying the most sensible factors. The most interesting

predictions of a model usually are those that are unexpected and those that lie outside of our

current experience. Such predictions can stimulate future experimental and theoretical work. A

major advantage of a deterministic simulator is that it helps to unravel the path between cause

and effect, although this is not always easy (Thornley 1998) and to test completeness and

consistency of knowledge (Leffelaar 1999a).

Ecological sound models, i.e., models based upon ecological knowledge, are powerful tools for

understanding ecosystem behaviour and they help to set up research priorities (J0rgensen et al.

1996). Ecological modelling is an appropriate method for studying the complexity of ecosystems.

Without a model, this task seems to be beyond our unaided mental powers (Thornley 1998).

Environmental modelling has to deal with uncertainty from diverse sources: limited data of

limited accuracy, description of complex phenomena by simplified models, case-to-case

variability (e.g. between natural populations), aggregation or sampling of distributed behaviour,

and external variation (seasonal, diumal, trends) which may excite unmodelled behaviour

(Norton 1996).
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Contrasting views of the importance of different determinants in different savanna regions,

coupled with differences inherent in the views of workers interested in different groups of

organisms, have led to a variety of models which have been used to describe savanna structure

and function (Walker 1987). A number of simple models have been developed for savannas

(Belsky 1990). The first models (e.g., Holdrigde 1947; Walter 1971; Whittaker 1975; Walker et

al. 1981; Noy-Meir 1982; Walker & Noy-Meir 1982) were based on two or three variables such

as rainfall, temperature, soil texture and/or herbivory. The more recent ones (Johnson & Tothill

1985; Frost et al. 1986; Walker 1987), either include a greater number of environmental

variables or use biologically relevant factors such as moisture and nutrients available to plants
during their growing season. Menaut et al. (1990) built a model for simulating the tree-grass
ratio of a humid savanna by stressing in particular plant competition and fire. More recently
Walker & Langridge (1996) elaborated a model of water dynamics for estimating plant
available moisture and possible primary production ofsavanna vegetation.

Different models have been developed for range management in savanna areas. Westoby et al.

(1989) developed a so-called "state-and-transition model", which does not seek to establish

equilibrium, for managing semi-arid rangelands in eastern Australia. This model replaced the

simple range succession model (based on the Clementsian theory, see Walker 1993) supposing
that a given rangeland has a single persistent state (the climax) in the absence of grazing.
Walker (1993) further developed the state-and-transition approach which allows for inclusion of

spatial variation and dynamics, event-driven changes, lag effects and thresholds, and changes
and variation in production (see also 7.1).

In general few ecological models exist that can be used for case studies other than those of which

they have been developed (J0rgensen et al. 1996). The existing savanna models may be valid for

managing the studied savanna, but fad for others. Therefore and because no savanna model subsists

considering explicitly fire and termites - key factors ofthe Kagera savanna dynamics - we decided

to develop our own model.

7.1.2.1.1 Processes and assumptions

According to Thornley (1998) a scientific model should be as easy as possible to find out and

understand the assumptions and mechanisms that are represented in the simulator. Only then is

it possible to evaluate the predictions of the model in relation to its content, and in relation to

the observations. A transparent model allows the reader to decide if its content is appropriate to

his objectives. Also, its transparency should permit easy modification or extension. The content

of a model determines the questions that can be asked ofthe model and the uses to which it can

be put.

For studying the vegetation dynamics on stony hillsides we consider fire, rainfall, herbivory

(grazing and browsing), stony blocks and termite mounds as main driving variables of the system

(see relational diagram Fig. 61). It is important to notice that our model may consider stochasticity
for the fire regime and the rainfall, as to obtain more realistic variations ofthese driving variables.

The slope angle has not been considered explicitly.
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Fig. 61. Relational diagram ofthe most important determinants ofsavanna structure on stony

hillside

relation ofmajor importance -> relation ofminor importance

For the elaboration ofthe model we made the followmg assumptions, still hopefully preservmg
the essence ofthe real situation

Vegetation types

The model allows simulatmg the development of the forest-savanna mosaic on stony hillside by

calculating the total area ofeach vegetation type m a hypothetical area of 10 ha

We distinguished several forest types within the savanna matrix (definition ofsavanna see 1 1)

Micro thicket clumps (no distinct core part) < 40 m

Thicket clumps (distinct core part, different from the ecotone domain) 40-2 '500 m2

Semi-deciduousforest (regeneration of internal gaps, e g, breakdown

dueto agemg, without disturbing the ecotone domam possible) > 2 '500 m2

For running simulations the followmg typical initial values (calculated from several vegetation

mosaics on stony hillsides m Kikulula) have been selected

Micro thicket clumps 05%

Thicket clumps 13 0 %

Semi-deciduous forests 17 0 %

Savannas 69 5 %
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The change ofthe area in % ofeach vegetation type is due to the following processes:

a) Shifting of the boundary line between savanna and forest formations thereby leading to an

increase or decrease ofthe forest cover.

b) The genesis ofnew micro thicket clumps within the savanna matrix.

c) The extension of forest types due to lateral growth of the edge and natural regeneration of

woody plants along the edge may lead to coalescing forest areas. The probability of coalescing
increases proportionally with the forest cover (calculation of the fusion coefficient see

appendix). The reverse process, i.e., separation offorest formations, is possible as well.

d) Thicket clumps and semi-decidous forests do not breakdown on a large scale.

Fire

Our fire regime distinguishes a) no fire b) early dry season (rather low temperature) and c) late dry
season fire (rather hot temperature) with a distinct impact on the savanna matrix and on the forest

formations. Furthermore, the fire impact on the vegetation is positively correlated with the biomass

(see rainfall).

Savannaformation:

Typical early buming in savanna formations is patch-wise with some spots barely or not burnt. On

the other hand, late buming lead to a more homogenous burn of savanna formations. Buming
renders difficult the genesis ofnew thicket clumps.

Forestformation:

Forest formations are always round shaped albeit of variable form. The part not covered by forest

formations is considered to be savanna. Fire shifts the forest boundaries, whereby the changes of

the boundaries depend on the fire regime and the topographic situation. We assume for our studies

a) uphill burning and b) that only the edge (ecotone) of the forest formations is harmed by fire.

Most forest formations have the shape of an upside down pear (see Fig. 62), probably due to

prevalent uphill burning. The fire generated boundary shifts were calculated and expressed as

surface equivalents subdividing the perimeter (as shown in Fig. 62) into a lower part (15%) a left

and right part (30% each) and an upper part (25%). This proportional adaptation reflects the pear-

like shape ofmany forest formations. The annual shift ofthe forest-savanna boundary line depends
on the fire regime as shown in Table 50. The magnitude of the shifts is mainly based on own

observations from fire experimental plots. The figures from literature about expanding forests (see

e.g., Hopkins 1962; Miège 1966; Laws et al. 1975; Monnier 1981; Schwartz D. et al. 1996) stem

from the moister forest-savanna mosaic zone. The recolonisation rate of most of these

predominately derived savannas (due to human interference by agriculture) is with 0.2-4 m/yr

certainly much higher than that from the Kagera savannas having a savanna climax. An example of

a retreating forest margin ofabout 1-2 m/yr due to recurrent fires has been reported by Lock (1993)
from Queen Elizabeth National Park in Uganda.
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Fig. 62. Typical upside down pear shape ofa thicket clump on stony hdlside Accordmg to the

varying fire impact the perimeter is subdivided m a lower (15%), lateral (each 30%) and

upper part (25%)

Table 50. Annual shift of the forest-savanna boundary line caused by the fire regime

Location Fire regime

no fire early bummg late bummg

Lower part

Lateral parts

Upper part

Weighted mean shifts (c)

+ 20 cm

+ 20 cm

+ 20 cm

+ 20 cm

-10 cm

0 cm

+ 30 cm

+ 6 cm

-40 cm

-20 cm

-10 cm

- 20 5 cm

+ increase offorestformation measured by theprogress oftheforest-savanna boundary line

- decrease offorestformation measured by the regress oftheforest-savanna boundary line

We also assumed that a fire spreads over the entne area ifthe forest cover is below 60% The burnt

surface gradually decreases if the forest cover increases from 60 to 80% A cover of 80 % and

higher prevents the spread of fire Late bummg is only possible m the absence of early burning
within the same year In years without fire, the dned biomass accumulates, leadmg to higher fire

mtensity

Rainfall

We choose a mean annual ramfall of 800 mm Obviously, rainfall influences the grass biomass

(Ohiagu & Wood 1979, Deshmukh 1984, Pandey & Singh 1992) and thereby the fire mtensity
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Indeed, Ohiagu & Wood (1979) and Bell (1982) found a strong linear correlation between

maximum grass biomass and annual rainfall.

Grazing

Stony hillsides are least preferred by herbivores as outlined (see 6.4.2). Our own observations

confirm this fact. In the model grazing reduces the biomass of the savanna and thereby the fire

intensity (up to about 5%).

Browsing

With the exception of few elephants in Karagwe and the Akagera National Park, no large browsing
mammals occur nowadays within forest formations on hillsides in the Kagera savannas. However,

elephants and rhinoceroses were formerly frequent (see 3.2 and 6.4.2). It is well known that

elephants have in particular an important impact on the dynamics of forest formations as outlined in

chapter 6.4.3.2. In our model the influence of rainfall on the intensity of browsing is neglected

although such may be the case (Laws 1970; Field 1971).

Termite mounds

Termite mounds may favour the genesis of new micro thicket clumps. As shown (6.5) termite

mounds may initiate and support the growth ofthicket clumps in two ways on stony hillsides:

a) Fire protection as a result ofthe slight elevation above the grass fires and the often bare soil at

the foot-slope ofthe mound.

b) Increased soil fertility in many cases (e.g., Thomas 1945; White 1983).

The strong positive influence oftermite mounds on the settlement of micro thicket clumps is taken

care of in the model and indeed we found that about two thirds of the termite mounds were

associated with micro thicket clumps. We assumed that fire does not influence the building of

termite mounds.

Stony blocks

Stony blocks accelerate the afforestation of the savanna matrix since a) the reduced biomass

decreases fire intensity and b) woody plants are more competitive on stony sites than grasses. We

assumed that the spread of fire is prevented when the cover of the soil by stony blocks is higher
than 80%.

The relational diagram presented by Stella and its underlying equations are given in appendix M.

7.1.2.12 Calibration

We evaluated the model with respect to its sensitivity, i.e., how does a change in some variables

affect the model's behaviour (Henderson-Sellers & Henderson-Sellers 1996; Leffelaar 1999). The

sensitivity runs of the model reveal the importance of good estimates of the variables (Thornley

1998). The model is in particular sensitive to browsing, late burning and termite mounds. Since

there are many parameters and many equations involved in the model, parameter adjustment or

model tuning until it fits with the actual system is not difficult. However, being aware ofthe risk

ofdegrading a model with ad hoc fixes, so that further rational development ofthe model becomes

impossible (Oreskes et al. 1994; Thornley 1998), we were cautious in timing. Therefore, we agree

with the trends given by the simulation results even if we believe that the changes in the forest-
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savanna mosaic are too rapid. For example no fire and browsing, an entirely hypothetical
assumption, would lead to an almost complete afforestation of a savanna landscape with an initial

forest cover ofabout 30% within 50 years (see example Fig. 63 A)!

7.1.2.1.3 Some examples of simulation

Some development trends of the vegetation mosaic on stony hillside (initial values of the

vegetation types see 7.1.2.1.1) are simulated (see Fig. 63 A-G) by varying those main

parameters which can be controlled by man, i.e., the fire regime (considering stochasticity) and

browsing. The development trends are shown for a period of 100 yr. The simulation examples
underline the sensitivity ofthe model towards fire and browsing. Some simulations are run with

extreme values for the fire regime and the browsing in order to recognise the trends of the

model. It is important too that these extreme values are entirely hypothetical.

See next pages:

Fig. 63 AG.

The position of the cursor shows the value of the respective parameter (e.g., 3% of the area

covered with stony blocks).
The browsing intensity is 0 for the examples A, D, F; 0.4 for B and G; and 1 for C and E.

First early/late fire = The value indicates the year ofthe first fire

Period = Recurrent period of early respectively late fire

G&SB = Grass savanna
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1) A no fire regime leads to an increase of the forest cover of the savanna landscape which

may lead to a complete afforestation. The rapidity of afforestation depends highly on the

intensity of browsing (Fig. 63 A,B,C) No browsing (Fig. 63 A) leads to an almost complete

afforestation within 50 yr whereby maximal browsing (Fig. 63 C) leads to a slow gradual

increasing afforestation (the savanna area is decreasing from 69.5 to about 55% within

100 yr; the mosaic gets stabilised after about 500 yr with a ratio of about 25% savanna and

75% forest cover. Browsing alone does not lead to deforestation.

2) An annually early burning with no browsing leads also to an afforestation of the savanna

landscape but the process is slower (Fig. 63 D) than under a no fire regime. An almost

complete afforestation is reached within 75 yr. If the same fire regime is coupled with

maximal browsing then the development trend is reversed, i.e., the savanna area shghtly

increases (Fig. 63 E) and gets stabilised at about 75 - 80% within 500 yr.

3) On the other hand, an annually late buming, even without browsing effect, leads to a

progressive deforestation ofthe area (Fig. 63 F).

4) A variable fire regime with moderate browsing leads to a dynamic equilibrium (steady-

state) as shown by Figure 63 G.

Nowadays, a similar fire regime as shown in Fig. 63 G prevails in the Kagera savannas.

However, as there is almost no browsing within forest formations on stony hillsides the forest

cover may therefore steadily increase.

7.1.2.1.4 Information given by the model

The development ofthe model forced us to re-examine thoroughly the main relationship ofthe

interacting factors, what lead to some clarification and rectification of some dependencies. Our

model allows simulating plausible trends of vegetation mosaic development on stony hillsides over

time. However, since the model is based upon a small number of data and to a large extend on

empirical estimations of experts, it should not be used for c[uantitative and exact prognostic

purposes. The simulation of development trends supports our hypothesis that forest formations on

stony hillsides may grow together provided that the parameters are favourable. The results reflect

only trends.

In order to improve the model it is necessary to do additional field studies, what will allow to better

quantify the variables. An improved model should help to define the range within which the system

is stable, what is of particular interest for applied ecology. Obviously, an improved model is the

basis for formulating better hypotheses.

Since the model does not allow the presentation of the spatial distribution of the forest

formations A does not reflect the gradual shift of the afforested areas towards the ridge. This

process is expected due to prevailing uphill burning and probably due to the deposit of nutrient-

rich fine material at the upper edge of thicket clumps by downward surface flow. The spatial

dynamic processes ofthe vegetation mosaic on stony hillsides could be further studied by using

a spatially explicit, grid-based simulation model (see e.g., Jeksch et al. 1998; Gassmann et al.

2000). The elaboration ofthis type ofmodel is more time consuming than our model but would

allow considering small-scale heterogeneities and slope angle, which play an important role in

savanna dynamics (see 7.1). This more sophisticated model could be used as a management tool

for game and cattle ranching by predicting possible development ofthe savanna-forest mosaic

according to the defined parameters.
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7.1.2.2 Scenari

Stony hillside

Contrary to the dynamics on plain, on stony hillside no factor alone has a decisive role.

According to the particular situation a varying combination of factors determines the dynamics

(see Fig. 64). New thicket clumps arise not only on termite mounds but also on areas with high

proportion of stony blocks or bare soil providing a certain fire protection. The extension of

thicket clumps is predominately determined by the fire regime and the browsing intensity. If fire

intensity and frequency are low and the browsing impact modest the thicket clumps extend due

to lateral growth of the edge and natural regeneration along the edge what may finally lead to

coalescence (see Fig. 65). Gully forests on stony hillside may also be part of the afforestation

process. They may extend beyond the gully as shown by the Figure 66. Increased impact of fire

and/or browsing may reverse the process, i.e., the savanna area increases.

upper slope

lower slope
10m

Fig. 64. Diagram ofthicket clump dynamics on stony hillside

Savanna matrix with stony blocks

^P Thicket clump

— Radial extension trend of thicket clumps (lateral growth of the edge and natural regeneration ofwoody

plants along the edge)

Examples of extended thicket clumps

Termitarium

Browsmg along thicket clump edge
^ Fires may lead to edge regress; arrow sizes

Browsing within thicket clumps indicate varying fire intensity
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Fig. 65. Two thicket clumps coalesce on stony hillside in Kikulula
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Fig. 66. Overbordmg gully forests m Burigi (see slope in the background)

Breakdowns of parts of larger thicket clumps or semi-deciduous forests due to ageing are rare

Internal gaps are rapidly closed by regenerating woody plants Breakdowns in the ecotone

domain (see Fig 67) might lead to a retreat of the forest formation due to recurrent fire, but the

generally closed structure of most edges and the vigorousness oftiieir plants indicate rather a young

boundary line which is generally expanding However the sharp boundary at the forest-savanna

interface shows tiiat the expansion of the forest formations onto the savannas is rather slow

Furthermore, the progressive trend of the edge is further demonstrated by many typical savanna

trees which are completely enclosed by the extending thicket clump (semi-deciduous forest)

These trees, not being adapted to the thicket clumps, will eventually decay
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Fig. 67. A rare breakdown of parts of the edge of a semi-deciduous forest in Kimisi

Gentle slope

Tlie results showed that on die skelet-free Ferralsol on gentle slopes thicket clumps are also
restricted to Macrotermitinae mounds (intra-specific competition of termite colonies) like on

plains Since these soils are not waterlogged coalescence of ducket clumps should be possible
However, in the studied sites this was not the case probably due the prevailing severe fire

regime On the other hand, ducket clumps may coalesce on gentle slopes with Leptosols (high
proportion of stony blocks)

Our results confirmed that, according to the second hypothesis, thicket clumps on stony
hillsides may coalesce if fire and browsing impact is low. This process is accelerated by high
proportion of stony blocks. The dynamics of the vegetation mosaic on stony hillside is high.

However, our data from gentle slope (Ferralsol) do not confirm the second hypothesis, i.e.,
thicket clumps do not coalesce provided that the proportion of stony blocks is low. The

dynamics is quite stable.

7.1.3 Evolution of forest and tree/shrub cover

The tree and shrub (foiest) cover of the savanna landscape change over time with respect to the

variable significance of the mam determinants and the disturbances

The extinction of numerous megaherbivores in Africa about 50'000 yr ago certainly reduced the

herbivory thereby favouring the woody elements (Lmd & Morrison 1974, Schule 1990,
Goldammer 1993) However, since this period (Acheulean) archaeological evidence of frequent
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fire use by this Stone Age People are well documented and we may assume that man-made

vegetation fires became more and more frequent (see also Knapp 1973). It is therefore possible
that the increased fire frequency replaced the former impact of the extinct megaherbivores on

the vegetation.

Forests and savannas react rapidly to every climatic change (Van der Hammen 1983). In East

Africa several paleoecological analyses gave evidence for the alternating dominance of

savannas and forests since the last glacial period due to changing climatic conditions (Kendall

1969; Hamilton 1982; Van der Hammen 1983; Van Grunderbeek et al. 1983). Kendall (1969)
examined the changes in pollen abundance occurring in sediments of northem Lake Victoria

covering the last 15'000 yr: An initial savanna ecosystem began to be invaded by forest species
12'000 yr ago. Approximately lO'OOO yr ago the forests declined somewhat, but then became

rapidly reestablished to reach a peak development shortly thereafter. Between 7'000 and 6'000

yr ago the initial evergreen forest was replaced by a semi-deciduous forest which remained

abundant until it began to be replaced by savanna formations about 3'000 yr ago. At any rate,

these ecosystems constitute at most a quasi-steady state, apparently stable on short-term

observation but changing constantly in response to climatic fluctuation. Another example of

climatic changes are several savanna patches within the forest zone in West and Central Africa

which have been described as relicts from a time with a drier climate (see e.g, Schnell 1971;
Monnier 1981; Backéus 1992; Schwartz D. et al. 1996). These savanna relicts, however,

steadily decrease in favour of advancing forest triggered by a more humid climate since some

centuries ago (see Schwartz D. et al. 1996). These examples are in contradiction to Aubréville

(1966) who believed that prior to the beginning of agriculture the whole tropical Africa was

covered with closed and continuous forests. His statement is even more doubtful taken in

consideration a) the large extend of the savanna area already widely existing at the end of the

last century as documented by photographs and b) the formerly very low population density in

many savanna landscapes. Also Kendall (1969) clearly stated that there is no convincing
evidence for a widespread extension of montane forest in East Africa going back more than

50'000 yr.

Forest advance may also be favoured by termites a) by their consumption of organic material

thereby reducing the fire intensity and b) by their construction of termitaria which are favoured

sites for tree and shrub colonisation (Hopkins 1992). Harris (1971) suggested that forest in various

parts of Africa has spread by coalescence of vegetated termite mounds. According to Lind &

Morrison (1974) termite mounds facilitate the development of forest on poor soil at Lake

Nabugabo in southern Uganda. Forest expansion was also greatly favoured by termite mounds on

Ssese (Thomas 1945) and on Lolui Islands (Jackson & Gartlan 1965) in Lake Victoria (Uganda).

Runge (1998) showed that in the Republic of Central Africa termites ofthe genera Eutermes (syn.

Cubitermes) might contribute to the advance of the rain forest by transformation of a formerly

edaphic savanna on lateritic crusts.

Historical quantitative assessments indicate that woody plant abundance has increased substantially
in arid and semi-arid grasslands and savannas (often in the form ofbush encroachment) during the

last 50 - 300 yr in in many areas of Africa (Kelly & Walker 1976; Barnes 1979; Wickens & White

1979; van Vegten 1983), India (Singh & Joshi 1979), Australia (Walker & Gillison 1982;

Harrington et al. 1984), South America (Bücher 1987) and North America (Archer et al. 1988;

Archer 1989).

Also many examples of forest expansions into savannas have been described in Africa e.g., for

the coastal zone of the Ivory Coast (Miège 1966), the Olokemeji Forest Reserve in Nigeria

(Hopkins 1962), the Congo (Lebrun 1936; Schwartz D. et al. 1996), or the Budongo forest in

Uganda (Laws et al. 1975). But many forest expansions are the result of abandoned agricultural
areas due to the creation of protected areas. Note however, that forest expansion is not the main

trend in Africa nor in the tropics in general (see also Barnes 1990)! In some areas, like e.g. in
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Fig. 68 A. Intact thicket clumps on stony hillside m Ibanda (16/4/1992)

Fig. 68 B. Clear-felled thicket clumps on stony hillside in Ibanda (13/10/1993)
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southeastern Rwanda, even small forest formations on very poor rocky soils are clear-felled for

agricultural purposes (see Fig. 68 A and B).

At the end ofthe last century the outbreak of the rinderpest had certainly a major impact on the

physiognomy of the savanna landscape and their impact is still visible today. Prior to the

outbreak of the rinderpest vast grasslands existed in East Africa and in the Kagera savannas

what is testified e.g. for the Akagera National Park / Mutara (see Fig. 8). The rinderpest greatly
reduced the wild ungulate population. The impact on cattle was even more dramatic. Up to 95 %

ofthe cattle died (Ford & Clifford 1968). As consequences to the reduced herbivory the tree and

shrub cover of many areas of East Africa increased. The spread of woody plants created a

favourable habitat for the clifrusion of the tsetse (Troupin 1966). Mainly cattle got further

decimated by nagana and the human population suffered under sleeping sickness leading to the

abundance of many cattle rangeland areas. Nowadays the Akagera National Park is mainly
covered with tree and shrub savannas. Troupin (1966) affirmed the general afforestation trend in

the Rwandan savannas despite the impact of herbivory and fire. Frequent cool early fires (in

southern Uganda also overgrazing) and the rapid decrease of elephant population and the extinction

of rhinoceroses in the last decades have mainly led to the general afforestation trend in the Kagera

savanna. Spinage (1969) and Bouxin (1975a) rejected a general afforestation trend since most

natural woody regeneration is destroyed by recurrent fires. They established survival curves

(number oftrees/shrubs per diameter class) which show that only few woody species may grow

beyond the fire susceptible height of 1.5-2 m. But regarding the afforestation trend documented

by photographs and aerial pictures they must be wrong (see e.g., aerial pictures taken in the

years 1961/62 and 1986/87 from the Burigi and Kimisi area).

From all this follows that the forest formations are very dynamic and their progressive or

regressive trend is defined by the significance of the prevailing disturbances. Therefore we

reject the hypotheses that these forests generally are relicts (post-climax) from a formerly
extended forest as considered by several authors listed below (see also Schnell 1971):

Germain (1952) for a deciduous forest (forêt tropophile) in the Ruzizi plain;
- Lebrun (1947) and Humbert (1937, 1938) for the forest formations on hillside in the Albert

National Park (nowadays Virunga National Park). They believed that the formerly large
forest has been destroyed by human interference (in particular fire);
Lebrun (1955) and Troupin (1966) for some semi-deciduous forests in the Akagera National

Park; furthermore, Troupin (1966) considered also explicitly thicket clumps as relicts;

Rodgers et al. (1977) for the semi-deciduous forests in the Burigi area. He even thought that

the whole area was afforested about 1000 yr ago!

Spinage (1969) and Bouxin (1973, 1974,1975a, 1975b) suggested that thicket clumps and semi-

deciduous forest are not relicts but due to edaphic reason (lower cation exchange capacity than

the surrounding savanna matrix). This is not in line with our results: The studied thicket clumps

show higher nutrient content (as a function of the vegetation). Only on stony hillside where the

percentage of stony blocks is very high this edaphic reason may favour the growth of thicket

clumps.
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7.2 Origin of savannas

7.2.1 Floristic comparisons with the nearest montane forests and Miombo woodland

7.2.1.1 Moist montane forests

The nearest moist montane forests, the Nyungwe Forest (southwest Rwanda) and the forests of

the Virunga volcanoes (Rwandan-Ugandan border), are about 100 km away from the Kagera

Region. The species listed in Table 51 occur in both biomes, i.e., the analysed thicket clumps
and savannas ofthe Kagera Region and the moist montane forest in Rwanda.

Table 51. Common species in the Kagera savanna landscape and the moist montane forest

in Rwanda

Forbs Shrubs Trees

Achyranthes aspera Acokanthera schimperi Allophylus macrobotrys

Ageratum conyzoides (Ayobangira et al. 1985) Drypetes gerrardii var. torn.

Anisopappus africanus Clausena anisata (Dowsett-Lemaire 1990)
Cassia mimosoides Erythrina abyssinica Grewia mildbraedii

Conyza hochstetteri Dovyalis macrocalyx Ochna holstii

Conyza sumatrensis Maytenus arguta
Discoriste clinopodioides Maytenus undata

Emilia caespitosa Strychnos lucens (Dowsett-

Microglossa pyrifolia Lemaire 1990)
Paullinia pinnata
Senecio maranguensis
Solanum anguivi

Thunbergia alata

Triumfetta cordifolia
Triumfetta rhomboidea

Note: After Troupin (1978, 1983,1985,1988) andBloesch & Troupin (2002).

Of 375 recorded species of the Kagera savannas only 26 species occur in the moist montane

forest. Most of these common species exist in disturbed parts (e.g., clearing) of the moist

montane forest and generally in areas of higher solar radiation (e.g., gap, edge). Only four trees

of the savanna landscape exist also in the moist montane forest, wherefrom only Allophylus

macrobotrys and Drypetes gerrardii var. tomentosa is frequent in the savanna landscape

(thicket clump). If we include also data from other forest formations of the savanna landscape,

i.e. swamp forests, gallery forest, gully forest and semi-deciduous forest, only few additional

common species with the moist montane forest can be added, as listed below:

Albizia gummifera:
Croton macrostachyus:
Ekebergia capensis:

Sapium ellipticum:

Zanthoxylum gilletii:

Gallery forest near Karama

Semi-deciduous forest in Kimisi, thicket clumps in Ibanda

Swamp forest in Ibanda

Swamp forest in Ibanda, gully forest in Karagwe

Gallery forest near Karama (see Fig. 13, photo 14)

Additional ecological information about these five trees are given in Bloesch & Troupin (2002).
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7.2.1.2 Miombo woodland

The community coefficient of Jaccard shows very low similarity in the floristic composition ofthe

Miombo at Lusahunga with thicket clumps (6 %) and savannas (9 %) from the Kagera Region.
This high beta-diversity reflects also different dominating phytochoria in both regions. According
to White (1983) the flora of the Kagera Region is mainly composed of species of the Guineo-

Congolian, the Sudanian and to a lesser degree of species from the Somalia-Masai and the

Zambezian phytochoria. On the other hand, the Miombo woodland is mainly characterised by

species from the Zambezian phytochorium.

The life form spectra of the Miombo at Lusahunga (see Fig. 23) are very different from that of

the thicket clumps (see Fig 19 A and B). Moreover, the ratio of evergreen to deciduous

phanerophytes is different: In the Miombo woodland deciduous trees and shrubs dominate

whereby evergreen trees and shrubs prevail in the thicket clumps. On the other hand, the life

form spectrum of the Miombo shows some similarities with the life form spectrum from the

savannas (see Fig. 19 A and B). However, the proportion of the two dominating groups is

inverted: In the Miombo woodland phanerophytes are more important (about 40 %) than

hemicryptophytes (about 30 %) while in the savannas these two values are inverted, m both

vegetation types deciduous trees and shrubs prevail. The proportion of the other groups is very

similar: Chamaephytes and therophytes values are about 10 %, geophytes, lianas and epiphytes
are either absent or neglectable.

Comparing the floristic composition of the Kagera savanna with that of the moist montane

forest and the Miombo woodland renders apparent the unique character of the flora of our

studied region (see also Schnell 1971).

As shown in Table 52 numerous differences are seen when comparing savannas with either moist

forests or Miombo woodland. The differences underline the genuine character ofthe savanna (see

also Lebrun 1947). Man has widely influenced the savanna ecosystem (mainly through burning,

hunting, herbivory by domestic animals and agriculture; see Hamilton 1982; Schule 1990) but was

not at its origin. Van der Hammen (1983) and Cole (1986) showed that savannas have persisted at

least since the Miocene and therefore long before the arrival of man. More recently, Jacobs et al.

(1999) in their study of the origin of grass-dominated ecosystems, reviewing paleobotanicaL

paleofaunal and stable carbon isotope records, showed that savanna ecosystems most probably
existed even since the early Tertiary. This high age indicates a long-lasting relationship with

abiotic and biotic factors which has been modified but not radically changed by fire or by man

(Cole 1986). All that corroborates the concept that savannas are an autonomous biome, which may

build its own climax.
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Table 52. Comparison of main properties of savannas, moist forests and Miombo

woodland (partly from Murphy & Lugo 1986 and Sarmiento 1992)

Savannas Moist forests Miombo woodland

Climate Variable due to alternating Rather stable; low daily Variable due to alternating

dry and rainy seasons; high oscillations dry and rainy seasons;

daily oscillations moderate daily oscillations

Stmcture and floristic Highly variable due to More uniform More uniform

composition numerous small-scale

heterogeneities

Canopy Open at various degree Closed Crowns more or less

touching, often composed of

a few species

Grass layer Continuous Grasses only sporadic Mainly discontinuous

Life form Hemicryptophytes prevail Phanerophytes prevail Phanerophytes prevail

Foliage persistence Mainly deciduous Evergreen Mainly deciduous

Reproductive phenology Seasonal and aseasonal Less seasonal Seasonal (aseasonal)

Growth periodicity 1-2 pulses annually Continuous (intermittent) 1-2 pulses annually

Net primary production Largely from grass layer Largely from tree layer Grass and tree layer

Importance of coppicing High Low Medium

(including suckers)

Resistanceto disturbance High Low Relatively high

Vegetation biomass Lower stocks of carbon and Higher stocks of carbon and Medium stock of carbon and

nutrients in biomass (higher nutrients in biomass (higher nutrients in biomass (about

stocks in subterranean stocks in aerial parts) equal stocks above and

ground parts) below ground)

Litter accumulation No litter accumulation; Litter accumulation and Few litter accumulation;

Subterrenean decomposition decomposition on soil Mainly subterrenean

ofplant material (root litter) surface (leaf litter) decomposition ofplant
material (root litter)

Biological activity Widely determined by Widely determined by Widely determined by
termites earthworms termites

Soil organic matter Gradual decrease with Concentrated in topsoil; Similar to savannas

depth; relatively low cation relatively high cation

exchange capacity exchange capacity

Risk of erosion High (in particular on

slopes)

Moderate Medium

Mammalian herbivores High biomass Low biomass Medium biomass

Fire Very frequent, vegetation Exceptional even in dry Frequent, vegetation

adapted; trees thick-barked years, vegetation not adapted; trees ratherthick-

adapted; trees mostly thin- barked

barked
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Several authors (e.g., Keay 1959; Menaut 1983; Cole 1986; Scholes & Walker 1993) consider

the Miombo as a special type of savanna. However, the Miombo woodland south ofthe Kagera

Region differs greatly from the savanna biome as shown by the comparison of life form

structure, floristic composition and other properties. Due to the genuine character we postulate
that the Miombo woodland should be considered as a separate biome what is not strictly in line

with our initial definition of savanna (see definition 1.1 and Fig. 1.).

7.3 Encroached savannas

The tree (shrub) savannas on gentle slope, especially on footslopes, are prone to encroachment

by Acacia hockii. The factors leading to encroachment with Acacia hockii are overgrazing and

frequent cool fires. Bush encroachment due to disturbances (including also clearing for cropping
and ploughing) may most probably also have induced the spread of the spiny shrubs

Dichrostachys cinerea and Harrisonia abyssinica in Burigi and other areas (see also Knapp

1973; Lock 1993). On the other hand, grazing and fire exclusion may lead also to afforestation

but with a higher proportion of savanna trees.

Our results confirmed that, according to the third hypothesis, savanna formations on

gentle slopes are prone to encroachment by Acacia hockii, provided overgrazing and

frequent cool fires happen to occur. This statement does not hold for sites with a high

proportion of lateritic pebbles.
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8. Conclusions

Our study contributes to a better understanding ofthe ecological aspects of the Kagera Region.
New base line data were collected, for the so far little studied thicket clumps. The following
main conclusion can be drawn:

Scientific aspects

1. Thicket clumps and their surrounding savannas are separated by a sharp ecotone (steep

gradient) and have a distinct structure and floristic composition.

2. The structure and floristic composition of thicket clumps on different reliefs is more

homogenous than that ofthe surrounding savannas.

3. Grewia trichocarpa, Olea europea var. africana, Rhus natalensis and Capparis
erythrocarpos play a pivotal role in the genesis and development of thicket clumps in all

main study areas.

4. Thicket clumps and their surrounding savannas have distinct soil properties and since both

vegetation types have the same parent material we conclude that the genesis ofthe analysed
thicket clumps have started long ago. Dense tree/shrub cover and termites (especially on

plain) have altered profoundly the soil properties ofthicket clumps. Vegetation and termites

have to be considered as main soil forming factors in the Kagera savannas.

5. High percentage of stony blocks favours woody formations.

6. The traditional pastoral late burning regime became more of an agricultural early burning

regime. But in the last decades political insecurity furthered the chaotic use of fire, i.e., most

firing happens in a uncontrolled way at the beginning ofthe dry season and is not in relation to

the land-use.

7. Thicket clumps (semi-deciduous forests) and gully forests are quite resistant to fire since

buming do only scorch the edge ofthese forest formations.

8. Frequent cool early dry season fires and the wide absence of large browsers favour the

coalescence ofthicket clumps on stony hillside and have led to a general afforestation trend

in the Kagera savannas.

9. Both fire and herbivory shape the physiognomy of thicket clumps and their surrounding
savannas in a different way thereby favouring a pronounced vegetation mosaic with a sharp

boundary line.

10. On plain large termitaria are the overriding factor for the vegetation mosaic. Active and

abandoned Macrotermes mounds may bear thicket clumps whereby at least partially
abandoned mounds may initiate growth ofthicket clumps. The uniform dispersion pattern of

the termitaria (and their thicket clumps) is determined by the intra-specific competition of

the Macrotermitinae colonies. The longevity of the mounds and the mutualism between

termitaria and vegetation lead to a high persistence ofthe vegetation mosaic.

11. Macrotermes mounds favour the growth of woody plants thereby leading to higher forest

and tree/shrub cover in a savanna landscape. On seasonally waterlogged plains they may

allow tree and shrub growth (fire protection, better drainage and often increased soil

fertility).
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12. Geomorphology (relief) influences widely the significance and the interactions of the main

determinants and the disturbances which vary greatly within the area and within the region,
thereby leading to different thicket clump dynamics.

13. The tree-grass ratio ofthe vegetation types in the Kagera savanna landscape is very variable

and the resilience of all vegetation types is high.

14. Thicket clumps and semi-deciduous forests are not relicts ofpreviously large forests but are

dynamic parts ofthe savanna landscape.

15. Savannas are not intermediates between grassland and forest and they represent an own

biome with typical floristic composition, structure and function.

16. Under the current climatic conditions all savannas with the exception of derived savannas

would have a savanna climax, just to use this term, with the proportion of the woody plants
depending on the main determinants and on past and current disturbances.

17. Miombo woodland with its very specific properties (in particular floristic composition and

structure ofthe vegetation) should not be classified as a savanna. The northem boundary of

the Miombo with the savanna landscape in northern Tanzania corresponds to the transition

from an unimodal to bimodal rainfall system.

Management recommendations

1. Fire is an appropriate tool for savanna management if respecting the vegetation stage and

the objectives ofthe land-use. In this context the knowledge of the traditional use of fire by
the indigenous people, adapted to the actual situation, might be very helpful.

2. The tree-grass ratio of savannas, especially for tree and shrub savannas, is very sensitive to

any disturbance. The inherent risk of bush encroachment of many savannas due to the high

resprouting capacity (coppice shoots and root suckers) of most woody plants demands

proper control of fire and grazing in any management. In particular savanna formations on

gentle slopes are prone to encroachment by Acacia hockii, provided overgrazing and

frequent cool fires happen to occur. This statement does not hold for sites with a high

proportion of lateritic pebbles.

3. In order to stop the current afforestation trend in the Kagera savannsa (loss of grazing land)

browsing should be promoted in game (e.g., elephants) and domestic range management

(goats).

4. A new land policy considering the actual socio-economic context and ecological principles
should be established in the three countries of the Kagera Region in view of sustainable

management.
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9. Outlook

Thicket clump dynamics is very complex. Our study contributes to the elucidation of some

aspects. Future research may deal with the following topics:

Evolution of forest cover

The evolution within the last decades of the forest cover (thicket clumps and semi-deciduous

forests) could be assessed with aerial photographs. Aerial pictures taken in different years since

the 50s exist for the Akagera National Park in Rwanda and some parts of the Kagera Region in

Tanzania. The inconvenience of this analysis are the small scales of the aerial photopgraph
(1:20'000 to 1:60'000) which do not allow to identify singular small thicket clumps.

A more appropriate but more time-consuming method is to analyse the physiognomic stability
ofthe two-phase community using the isotope analysis of soil organic carbon. Tissues from C3

(typically thicket clump species) and C4 (typically savanna grasses) plants have distinctive

13C/12C ratios expressed as 613C. In addition, 613C ratios in soil organic matter generally reflect

the relative contribution of C3 and C4 plants to site productivity integrated over long periods of

time (see e.g., Archer 1990; McClaran & Pherson 1995; Schwartz D. et al. 1996). The 613C

values indicating the deviation (%o) of the 13C/12C ratio of the sample from that of an

international standard and their change over time (dating by 14C-method) allow to assess spatial
changes in the thicket clump-savanna mosaic (see e.g., transect method described by Schwartz

D. et al. 1996). However, temporal changes in the abundance of C3 and C4 vegetation can only
be assessed when certain requirements are fulfilled (see McClaran & Pherson 1995).

In this context also studying of the rate of the shift of thicket clump edges according to the fire

regime and the intensity of grazing and browsing would be very interesting. This requires that a

significant number ofthicket clumps is monitored over at least ten years which demands a secure

research area which is not guaranteed regarding the socio-political situation ofthe Kagera Region.

Development of thicket clumps on stony hillside (genesis and coalescence)

Thorough floristical and structural comparison of different stages of these forest formations

could further elucidate their underlying dynamics. A more complete assessment of some

existing large semi-deciduous forests (in particular that of Kagoma about 30 km south of

Kikulula occurring on different topography) could be very interesting. Also additional

quantitative and qualitative surveys of termite mounds in relation to their role as nuclei for

thicket clump genesis on stony hillside are necessary.

Grid-based simulation model

This would allow to assess the spatial dynamic processes of the vegetation mosaic on stony

hillsides.

Historical fire frequency

The analysis of charcoal deposits of Lake Burigi could be very useful in determining the former

fire frequency.
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Flammability of thicket clumps

The phenomena that thicket clump edges do not or only barely bum could be studied by
chemical analysis of the plant composition which would allow to define their flammability and

ignition point (see Philpot 1970).
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 1 pate: 14.1.94

Elevation: 1300 m a.s.l. Landform: valley bottom Aspect: 20° Slope: 3% Co-ordinates: 2°03' S/30'52' E

Soil: Vertisol Petrography: no stones

Tree layer
Height: - Cover: -

Shrub layer
Height: - Cover: -

Herb layer
Height: -1 m Cover: 90%

Remarks: grasses have not yet reached their full height

Community: Grassland Square size: 2.5 x 2.5 m Square number: 8 Minimal area: 32 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Amaranthus cruentus

Brachiana decumbens

Cassia mimosoides

Commelina benghalensis subsp. benghalen.
Cynodon aethiopicus
Hypoestes forskalei

Indigofera spicata
Phyllanthus leucanthus

Sporobolus pyramidalis
Waltheria indica 10 10 6.3

2 Leucas martinicensis 1 11 12.5

3 Acacia polyacantha
Ageratum conyzoides
Panicum maximum 3 14 18.8

4 Hypoestes triftora

Setaria megaphylla 2 16 25

5 - - 16 31.3

6 Cycnium herzfeldianum 1 17 37.5

7 - - 17 43.8

8 - - 17 50

Minimal area: 32 m2
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20

Q.

ja

E 5

20 40
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 2 Date: 13.1.94

Elevation: 1300 m a.s.l. Landform: valley bottom Aspect: 320* Slope: 4% Co-ordinates: 2*03' S/30'52' E

Soil: Vertisol Petrography: no stones

Tree layer
Height: - Cover: -

Shrub layer
Height: - Cover-

Herb layer
Height: - 0.8 m Cover: 80%

Remarks: grasses have not yet reached their full height

Community: Grassland Square size: 3 x 3 m Square number: 10 Minimal area: 50 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Asparagus flagellaris
Brachiana brizantha

Crotalaria spinosa

Cynodon aethiopicus
Dactyloctenium aegyptium
Digitaria abyssinica
Hypoestes triflora

Leucas martinicensis

Phyllanthus leucanthus

Sporobolus pyramidalis
Waltheria indica 11 11 9

2 Chloris pycnothrix 12 18

3 Sporobolus spicatus 13 27

4 Asteraceae 14 36

5 Hibiscus sp. 15 45

6 Bidens grantii
Cycnium herzfeldianum 2 17 54

7 - - 17 63

8 - - 17 72

9 - - 17 81

10 - - 17 90

Minimal area: 50 m2
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 3 Date: 14.1.94

Elevation: 1300 m a.s.l. Landform: valley bottom Aspect: Slope: 0.5°/ Co-ordinates: 2*03' S/30'52' E

Soil: Vertisol Petrography: no stones

Tree layer
Height: - Cover: -

Shrub layer
Height: - Cover: -

Herb layer
Height: -1 m Cover: 97%

Remarks: grasses have not yet reached their full height

Community: Grassland Square size: 2.5 x 2.5 m Square number: 9 Minimal area: 35 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Aeschynomene elaphroxylon

Cynodon aethiopicus
Cyperus pustulatus
Hygrophiia auriculata

Phyllanthus leucanthus

Setaria megaphylla 6 6 6.3

2 Bidens pilosa
Emilia caespitosa 2 8 12.5

3 - - 8 18.8

4 Macrotyloma sp.

Brachiana decumbens 2 10 25

5 Physalis sp. 1 11 31.3

6 Bidens grantii
Brachiana humidicola 2 13 37.5

7 - - 13 43.8

8 - - 13 50

9 -
- 13 56.3
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Minimal area: 35 m2
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Author: Urs Bloesch Location: Burigi Survey: 1 Date: 5.3.1995

Elevation: 1210 m a.s.l. Landform: slope Aspect: 90" Slope: 45% Co-ordinates: 2*00' S/3ni' E

Soil: Leptosol Petrography: shale (lateritic); 2 % rocks on surface (shale)

Tree layer
Height: - Cover: -

Shrub layer
Height: - 3 m Cover: 5%

Herb layer
Height: - 0.4(0.6)m Cover: 60%

Remarks: shrub layer with Acacia Senegal, Dichrostachys cinerea, Lannea humilis, Asparagus falcatus, Ormocarpum

trichocarpum, Commiphora madagascariensis

Community: Grass savanna Square size: 1.5 x 1.5 m Square number: 11 Minimal area: 17 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Cassia mimosoides

Heteropogon contortus

Microchloa kunthii

Sporobolus pyramidalis
Sporobolus stapfianus
Tragus berteronianus

1 7 7 2.3

2 Ormocarpum trichocarpum 1 8 4.5

3 Asclepiadaceae
Indigofera circinella

2 3 11 6.8

4 Acacia hockii

Aristida adscensionis 2 13 9

5 Chloris gayana

Osyris lanceolata 2 15 11.3

6 Tephrosia sp.
"Veronica" 2 17 13.5

7 -
- 17 15.8

8 Eragrostis tenuifolia

3 2 19 18

9 -
- 19 20.3

10 -
- 19 22.5

11 -
- 19 24.8

w

.2 20 -,
ü

8. 15
w

's io -

i_

5 5

1 0

Minimal area: 17 m2

_'
^

"

*

3 u -i

c

C) 10 20

m2

30

A4



Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 2 Date: 3.7.92

Elevation: 1400 m a.s.l. Landform: near ridge Aspect: 270" Slope: 8% Co-ordinates: 2°05' S/30'52' E

Soil: Leptosol Petrography: 70% of soil matrix are quartzites and lateritic shales, few block:

Tree layer
Height: - Cover:

Shrub layer
Height: - 5 m Cover: 5-10%

Herb layer
Height: - 0.8 m Cover: 60%

Remarks: shrub layer withCrossopterix febrifuga, Ozoroa reticulata, Rhus natalensis

Community: Grass savanna Square size: 1.5 x 1.5 m Square number: 8 Minimal area: 12 m

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Bulbostylis ugandensis
Loudetia simplex 2 2 2.3

2 Cassia mimosoides

Crossopterix febrifuga
Maerua tryphilla
Secundaria longepeduncuiata
Sporobulus pyramidalis 5 7 4.5

3 Vernonia schweinfurthii

4a 2 9 6.8

4 - - 9 9

5 Rhynchosia sp.

4b 2 11 11.3

6 Commelinaceae 1 12 13.5

7 - - 12 15.8

8 -
- 12 18
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8 10
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8
o
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 3 Date: 3.7.92

Elevation: 1400 m a.s.l. Landform: slope Aspect: 45° Slope: 70% Co-ordinates: 2'05' S/30'52' E

Soil: Leptosol Petrography: 70% of soil matrix are shales (lateritic) and quartzites

Tree layer
Height: - Cover: -

Shrub layer
Height: - 3 m Cover: 2%

Herb layer
Height: -1.2 m Cover: 40%

Remarks: shrub layer with Parinari curatellifolia, Securidaca longepedunculata

Community: Grass savanna Square size: 1.5 x 1.5 m Square number: 9 Minimal area: 13 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Andropogon shirensis

Chloris gayana

Loudetia simplex
Microchloa kunthii

Sporobolus festivus 5 5 2.3

2 Hyparrhenia filipendula 1 6 4.5

3 - - 6 6.8

4 -
- 6 9

5 Sporobolus pyramidalis 1 7 11.3

6 Spermacoce pusilla 1 8 13.5

7 - - 8 15.8

8 -
- 8 18

9 -
- 8 20.3

A6



Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 4 Date: 8.10.92

Elevation: 1380 m a.s.l. Landform: slope Aspect: 120" Slope: 35% Co-ordinates: 2°05" S/30*51 E

Soil: Leptosol
Petrography: 50% of soil matrix are quartzites and shales (lateritic) whereby
20 % are blocks (shales)

Tree layer
Height: - Cover: -

Shrub layer
Height:-4 m Cover: 8%

Herb layer
Height: -1 m Cover: 50%

Remarks: shrub layer with Crossopterix febrifuga, Securinega virosa, Combretum molle, Capparis erythrocarpos

Community: Grass savanna Square size: 1.5 x 1.5 m Square number: 10 Minimal area: 13 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Hyparrhenia filipendula
Loudetia simplex
Sporobolus pyramidalis
Vernonia schweinfurthii 4 4 2.3

2 JustJcia matammensis

Monechma subsessile

Sporobolus stapfianus 3 7 4.5

3 - - 7 6.8

4 - - 7 9

5 Asystasia gangetica 1 8 11.3

6 Indigofera sp. 1 9 13.5

7 - - 9 15.8

8 - - 9 18

9 - - 9 20.3

10 - - 9 22.5

A7



Minimal area of the herb layer

Author: Urs Bloesch Location: Bungi Survey: 1 Date: 6 31995

Elevation 1200m asl Landform: depression Aspect: 315" Slope: 10% Co-ordinates: 2"01' S/31'11' E

Soil: Petrography: shale (latentic), few quarizite (silex)

Tree layer
Height: - Cover: -

Shrub layer
Height:-4 m Cover: 25%

Herb layer
Height:-0 8(1)m Cover: 70%

Remarks: shmb layer with Ormocarpum tnchocarpum, Acacia gerrardii, Acacia brevispica, Dichrostachys cinerea,

Lannea humilis, Acacia Senegal

Community: Shmb savanna Square size. 2,5 x 2,5 m Square number: Minimal area: 40 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Anthencum cameronii

Blephans cnstata

Chlorophytum blepharophyllum

Dichrostachys cinerea

Heterpogon contortus

Indigofera circinella

Microchloa kunthn

Spermacoce pusilla
Sporobolus pyramidalis
Sporobolus stapfianus

4

5

"Veronica rof

"Sukkulentenbiätter" 14 14 63

2 Lantana rhodesiensis

Tephrosia nana 2 16 125

3 Asparagus falcatus

Cassia mimosoides

Chlons gayana

Crabbea velutina

Ormocarpum tnchocarpum
Ruelha patula 6 22 18 8

4 Ansrjda adscensioms

Lannea humilis 2 24 25

5 Jasminum fluminense

Panicum sp

Solanum incanum

4

I 5 29 313

6 - - 29 37 5

7 Themeda tnandra

8 2 31 43 8

8 - - 31 50

9 - - 31 56 3

10 - - 31 62 5

11 - - 31 68 8

A8
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 2 Date: 7.10.1992

Elevation: 1325 m a.s.l. Landform: slope Aspect: 45" Slope: 6% Co-ordinates: 2'03' S/30"51' E

Soil: Petrography:

Tree layer
Height:-10 m Cover: 5%

Shrub layer
Height: - 6 m Cover: 30%

Herb layer
Height: -1.5 m Cover: 50%

Remarks: dominant species of the shmb and tree layer: Acacia hockii, Asparagus buchananii, Capparis fascicularis

var. elaeagnoides, Plectranthus barbatus, Markhamia obtusifolia, Dombeya rotundifoiia, Ficus burkei

Community: Shmb savanna Square size: 3 x 3 m Square number: 14 Minimal area: 90 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia hockii

Asparagus buchananii

Asparagus flagellais
Commelia benghalensis subsp. benghalensis
Crabbea velutina

Cyphostemma sp.

Hyparrhenia filipendula
Iridaceae sp. 1

Iridaceae sp. 2

Loudetia simplex
Markhamia obtusifolia

Osyris lanceolata 12 12 9

2 Combretum molle

Grewia trichocarpa
11 3 15 18

3 Albizia amara

Dombeya rotundifoiia

Albizia amara 3 18 27

4 Dalbergia nitidula

Hamsonia abyssinica 2 20 36

5 -
- 20 45

6 Capparis fascicularis var. elaeagnoides 1 21 54

7 Acacia Senegal 1 22 63

8 -
- 22 72

9 Cyphostemma adenocaule

Vernonia hochstetteri 2 24 81

10 Albizia petersiana 1 25 90

11 Lannea humilis 1 26 99

12 -
- 26 108

13 -
- 26 117

14 -
- 26 126
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 3 Date: 1812 1992

Elevation 1320 m asl Landform: slope Aspect: 45° Slope: Co-ordinates: 2*03' S/30'52' E

Soil: Petrography:

Tree layer
Height: - 8 m Cover: 3%

Shrub layer
Height:-6 m Cover: 15%

Herb layer
Height: -1 5 m Cover: 70%

Remarks: dominant species of the shmb and tree layer Acacia hockii, Vernonia adoensis, Dombeya rotundifoha,

Combretum colhnum

Community: Shmb savanna Square size: 3 x 3 m Square number: 14 Minimal area: 90 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Asteraceaesp 2

Becium obovatum

Chloris gayana

Conyza tgrensis
Cynodon dactylon

Dichrostachys cinerea

Digitana maitlandii

Gerbera ambigua
Hyparrhenia filipendula
Hypoestes forskalei

Leonotis nepetaefolia
Oldenlandia sp

Panicum maximum

Rhynchosia sublobata

Sida cordifblia

Tephrosia lineans

Tephrosia nana

Tephrosia pumila
"Euphorbia^ 19 19 9

2 Cassia mimosoides

Boscia angustifolia var corymbosa
Bidens grantn
Amaranthus graecizans

Spermacoce pusilla
Portulacaceae

Lihaceae

Sporobolus stapfianus 8 27 18

3 Acacia Senegal
Commelia benghalensis subsp benghalensis 2 29 27

4 Panicum sp

Plectranthus sp 2 31 36

5 Blephans cnstata

Gymnema sylvestre
Lactuca inermis

Solanum incanum 4 35 45

6 Achyranthes aspera

Cappans fascicular^ var elaeagnoides

Glycine wighbi subsp wightiivar longicauda

Polygala sphenoptera

Sprorobolus pyramidalis 5 40 54

7 Crabbea velutna

Maytenus senegalensis 2 42 63

8 Sporobolus afncanus 1 43 72

A12



9 Asparagus flagellaris
Commelina african 2 45 81

5 m left out thicket clump)
10 Tagetes minuta

Ormocarpum trichocarpum

Scrophulariaceae
Vernonia adoensis

Dombeya rotundifoiia

Eragrostis humidicola 6 51 90

11 Commelina sp.

Emilia humbertii 2 53 99

12 - - 53 108

13 - - 53 117

14 - - 53 126
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 4 Date: 13.1.1994

Elevation: m a.s.l. Landform: near ridge Aspect: 90% Slope: 9% Co-ordinates: 2"04' S/30'52' E

Soil: Petrography: 40% of soil matrix are quartzites (few blocks)

Tree layer
Height: - Cover: -

Shrub layer
Height: - 6 m Cover: 15%

Herb layer
Height: -1.2 m Cover: 50%

Remarks: dominant species of the shmb layer: Acacia hockii, Dichrostachys cinerea, Crossoptenx febrifuga,
Combretum collinum, Securidaca longepedunculata

Community: Shmb savanna Square size: 3 x 3 m Square number: 17 Minimal area: 130 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia hockii

Acacia Senegal
Albuca kirkii

Asparagus flagellaris
Asystasia gangetica
Cleome sp.

Chloris gayana

Chlorophytum sparsiflorum
Dischoriste sp.

Hyparrhenia newtonii

Justicia sp. A

Kyllinga bulbosa

Loudetia simplex
Phyllanthus sp.

Sida cordifblia

Sporobolus stapfianus
Zomia setosa subsp. obovata 17 17 9

2 Albizia amara

Asclepiadaceae
Crabbea velutina

Dichrostachys cinerea

Panicum maximum

Rhynchosia sp. 6 23 18

3 Cassia singueana

Crossopterix febrifuga
Ormocarpum trichocarpum

Sporobolus pyramidalis 4 27 27

4 Acanthaceae

Jasminum schimperi 2 29 36

5 Brachiana brizantha

Commelina sp.

1 3 32 45

6 Cassia mimosoides

Chlorophytum blepharophyllum
CyanotJs longifolia 3 35 54

7 Hypoestes forskalei

Ruellia patula
Vernonia hochstetteri 3 38 63

8 Cyperaceae 1 39 72

9 Asteraceae

Proteaceae

Plectranthus zatarhendii

Amaranthaceae

Macrotyloma 5 44 81
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10 - - 44 90

11 Alœsp. 1 45 99

12 Amaranthus cmentus

Conyza sumatrensis

Microchloa kunthii

Solanum incanum 4 49 108

13 Lecas martnicensis

Spermacoce pusilla 2 51 117

14 - - 51 126

15 Phyllanthus leucanthus

Securidaca longepedunculata

Vigna sp. 3 54 135

16 - - 54 144

17 - - 54 153
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 1 Date: 4.7.92

Elevation: 1350 m a.s.l. Landform: slope Aspect: 45* Slope: 3% Co-ordinates: 2*05' S/30'51' E

Soil: Petrography:

Tree layer
Height: -15 m Cover: 25%

Shrub layer
Height:-6 m Cover: 15%

Herb layer
Height: -1.2 m Cover: 80%

Remarks: dominant species of the tree and shmb layer: Markhamia obtusifolia, Acacia gerrardii, Albizia amara,

Acacia Senegal, Albizia petersiana, Acacia brevispica

Community: Tree savanna Square size: 3 x 3 m Square number: 13 Minimal area: 65 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Leucas martnicensis

Asparagus buchananii

Capparis fascicularis var. elaeagnoides
FuerstJa africana

Markhamia obtusifolia

Sporobolus pyramidalis
3 7 7 9

2 Brachiana jubata
Commelina sp.

Erythrococca bongensis
Solanum incanum 4 11 18

3 Crossandra nilorjca

Ruellia patula 2 13 27

4 Acacia brevispica
Hamsonia abyssinica 2 15 36

5 Jasminum schimperi
Momordica foetida 2 17 45

6 Albizia amara

Asparagus flagellaris 2 19 54

7 Dyschoriste sp. 1 20 63

8 - - 20 72

9 - - 20 81

10 Albizia petersiana 1 21 90

11 - - 21 99

12 - - 21 108

13 - - 21 117

Minimal area: 65 m2
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 2 Date: 15.9.1992

Elevation: 1310 m a.s.l. Landform: slope Aspect: 225" Slope: 3% Co-ordinates: 2*04' S/30'51" E

Soil: Petrography:

Tree layer
Height:-12 m Cover: 10-15%

Shrub layer
Height: - 6 m Cover: 5%

Herb layer
Height: -1.6 m Cover: 70%

Remarks: dominant species of the tree and shmb layer: Albizia amara, Markhamia obtusifolia, Dombeya rotundifoiia

Community: Tree savanna Square size: 3 x 3 m Square number: 14 Minimal area: 80 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Allophylus rubifolius

Capparis fascicularis var. elaeagnoides

Chlorophytum beniense

Chlorophytum decoratum

Commelina sp.

Dombeya rotundifoiia

Hyparrhenia filipendula
Scilla rigidifolia
Sporobolus pyramidalis 9 9 9

2 Asparagus buchananii

Themeda triandra 2 11 18

3 Acacia Senegal
Crabbea velutina 2 13 27

4 Acacia hockii

Acacia siebenana var. kagerensis 2 15 36

5 Markhamia obtusifolia 1 16 45

6 Acacia brevispica
Albizia amara

Hamsonia abyssinica
Solanum renschii

Zanthoxylum chalybeum
Zehneria scabra 6 22 54

7 Hibiscus sp.

Sida cordifblia 2 24 63

8 JustJcia flava 1 25 72

9 Boscia angustifolia var. corymbosa
Thunbergia alata 2 27 81

10 -
- 27 90

11 -
- 27 99

12 Albizia petersiana 1 28 108

13 -
- 28 117

14 -
- 28 126

A17
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 3 Date: 7 10 1992

Elevation 1300 m asl Landform: slope Aspect: 22" Slope 6% Co-ordinates: 2°02' S/30'51' E

Soil: Petrography:

Tree layer
Height:-10 m Cover: 30%

Shrub layer
Height:-6 m Cover: 10%

Herb layer
Height: -1 2 m Cover: 60%

Remarks: dominant species of the tree and shmb layer Acacia gerrardii, Lannea humilis, Ozoroa reticulata,

Maytenus heterophylla, Acacia hockii, Vernonia thompsoniana

Community: Tree savanna Square size: 3 x 3 m Square number: 15 Minimal area: 105 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Chlons gayana

Crabbea velubna

Dalbergia nitidula

Dichrostachys cinerea

Enosema parviflorum
Grewia trichocarpa
Justicia flava

Leucas martnicensis

Maytenus heterophylla
Panicum maximum

Rhus natalensis

Sporobolus pyramidalis
Thunbergia alata 13 13 9

2 Asparagus flagellaris
Lannea stuhlmannii

Monechma subsessile 3 16 18

3 Albizia amara

Asparagus buchananii 2 18 27

4 Commelia benghalensis subsp benghalensis

Achyranthes aspera 2 20 36

5 Cyphostemma mildbraedn 1 21 45

6 Lannea schimpen
Ziziphus mucronata 2 23 54

7 Iridaceae 1 24 63

8 -
- 24 72

9 -
- 24 81

10 -
- 24 90

11 Acacia hockii 1 25 99

12 Cappans fascicular^ var elaeagnoides 1 26 108

13 1 1 27 117

14 -
- 27 126

15 -
- 27 135
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Minimal area of the herb layer

Author: Urs Bloesch Location: Burigi Survey: 1 Date: 7.3.1995

Elevation: 1190 m a.s.l. Landform: valley bottom Aspect: Slope: 0-1°/ Co-ordinates: 2°00' S/ 31°11' E

Soil: Vertisol Petrography: no stones

Tree layer
Height:-10 m Cover: 50%

Shrub layer
Height: Cover:

Herb layer
Height:-1.2 m Cover: 98%

Remarks: shmb layer included in tree layer; tree (shrub) layer with Acacia zanzibarica only, except 1 Balanites

aegyptJaca

Community: Tree savanna Square size: 2.5 x 2.5 m Square number: 12 Minimal area: 60 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia sp.

Brachiana humidicola

Digitana maitlandii

Hypoestes forskalei

Panicum maximum

Sporobolus pyramidalis
Themeda triandra

Tinospora tenera 8 8 6.3

2 Bothriochloa insculpta 1 9 12.5

3 Acacia zanzibarica

Setaria megaphylla 2 11 18.8

4 Amaranthus sp.

Commelina diffusa subsp. diffusa 2 13 25

5 - - 13 31.3

6 - - 13 37.5

7 Asteraceae

Chloris gayana 2 15 43.8

8 Cynodon dactylon
Ruellia patula 2 17 50

9 - - 17 56.3

10 Abutilon mauritanum

"Sedum" 2 19 62.5

11 - - 19 68.8

12 - - 19 75

Minimal area: 60m2
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Minimal area of the herb layer

Author: Urs Bloesch Location: Burigi Survey: 2 Date: 18.7.1995

Elevation: 1190 m a.s.l. Landform: valley bottom Aspect: Slope: 0% Co-ordinates: 2*02' S/31°11'E

Soil: Vertisol Petrography: no stones

Tree layer
Height:-10 m Cover: 40%

Shrub layer
Height: Cover:

Herb layer
Height: -1.5 m Cover: 90%

Remarks: shmb layer included in tree layer; tree (shmb) layer with Acacia zanzibarica only

Community: Tree savanna Square size: 2.5 x 2.5 m Square number: 12 Minimal area: 65 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Bothriochloa insculpta
Brachiana humidicola

Chloris gayana

Digitana maitlandii

Hyparrhenia sp.

Panicum maximum

Sporobolus pyramidalis 7 7 6.3

2 Acacia zanzibarica

Cynodon dactylon 2 9 12.5

3 Brachiaria sp.

Panimcum massaiense 2 11 18.8

4 Asystasia gangetica
Themeda triandra 2 13 25

5 "Lupine" 1 14 31.3

6 Thunbergia alata 1 15 37.5

7 Asteraceae sp. 1 1 16 43.8

8 - 16 50

9 Hyparrhenia rufa 1 17 56.3

10 - - 17 62.5

11 Sida cordifolia 1 18 68.8

12 - - 18 75
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 1 Date: 13.1.94

Elevation: 1300 m a.s.l. Landform: valley bottom Aspect: 310° Slope: 2-3°/« Co-ordinates: 2*03' S/30'52' E

Soil: Vertisol Petrography: very few blocks (quartzite)

Tree layer
Height: -18 (20) rr Cover: 50%

Shrub layer
Height: Cover:

Herb layer
Height: -1 m Cover: 80%

Remarks: tree layer with Acacia polyacantha only, except 1 Cassia singueana; grasses have not yet reached their

full height

Community: Savanna woodland Square size: 3 x 3 m Square number: 10 Minimal area: 65 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 AbutJIon mauritianum

Acacia sieberana var. vermoesenii

Achyranthes aspera

Asparagus flagellaris

Asparagus racemosus

Brachiana brizantha

Cynodon aethiopicus

Digitaria abyssinica
Hypoestes triflora

Leucas glabrata
Leucas martnicensis

Panicum maximum

Sporobolus pyramidalis 13 13 9

2 Phyllanthus leucanthus 1 14 18

6 m left out termite mound)

3 Albuca abyssinica
Mariscus sumatrensis 2 16 27

4 Asclepiadaceae

Cyphostemma cyphopetalum
Commelina africana 3 19 36

5 - - 45

6 Waltheria indica 1 20 54

7 Heteromorpha trifoliata 1 21 63

8 - - 21 72

9 Securinega virosa 1 22 81

10 -
- 22 90

Minimal area: 65 m2

1C

of

species
Ol

o

c

wr*

Number en

o

0 50 100

m2

A 23



Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 2 Date: 14.1.94

Elevation: 1300 m a.s.l. Landform: valley bottom Aspect: 90° Slope: 3% Co-ordinates: 2"02' S730*52' E

Soil: Vertisol Petrography: no stones

Tree layer
Height: 18 m Cover: 45%

Shrub layer
Height: - Cover: -

Herb layer
Height: -1.2 m Cover: 95%

Remarks: tree layer with Acacia polyacanta only, except 1 Acacia sieberana var. kagerensis; grasses have not yet

reached their full height

Community: Savanna woodland Square size: 3 x 3 m Square number: 9 Minimal area: 65 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 AbutJIon mauritianum

Amaranthaceae

Amaranthus graecizans subsp. sylvestris
Brachiaria decumbens

Commelia benghalensis subsp. benghalensis

Cynodon aethiopicus

Hypoestes triflora

Panicum maximum

Phyllanthus leucanthus

Solenostemon sp. 10 10 g

2 Digitana abyssinica
Ipomoea
Leucas martnicensis

Sesbania sp.

Solanum incanum

Thunbergia
Waltheria indica 7 17 18

3 Amaranthus sp.

Celosia trigyna
Setaria homonyma 3 20 27

4 Acacia polyacantha
Secamone africana 2 22 36

5 -
- 22 45

6 -
- 22 54

7 Achyranthes aspera 1 23 63

8 Cyperaceae 1 24 72

9 -
- 24 81
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 3 Date: 15.1.94

Elevation: 1300 m a.s.l. Landform: foot-slope Aspect: 220" Slope: 7% Co-ordinates: 2*07' S/30'51' E

Soil: Vertisol Petrography: few blocks (quartzite)

Tree layer
Height:-18 m Cover: 35%

Shrub layer
Height: - Cover: -

Herb layer
Height: - 0.6 m Cover: 85%

Remarks: tree layer with Acacia polycantha only; grasses have not yet reached their full height

Community: Savanna woodland Square size: 3 x 3 m Square number: 7 Minimal area: 35 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia polyacantha
Brachiaria decumbens

Caesalpiniaceae
Cynodon aethiopicus
Digitana abyssinica
Panicum maximum

Solanum incanum

Sporobolus pyramidalis 8 8 9

2 AbutJIon mauritianum

Leucas martnicensis

Mariscus sumatrensis 3 11 18

3 Cyphostemma adenocaule

Ruellia patula 2 13 27

4 Asparagus racemosus

Bidens pilosa
Phyllanthus leucanthus

Rhynchosia sp. 4 17 36

5 - - 17 45

6 - - 17 54

7 - - 17 63

Minimal area: 35 m2
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Minimal area of the herb layer

Author: Urs Bloesch Location: Bungi Survey: 4 Date: 4 8 1995

Elevation 1190m asl Landform: valley bottom Aspect: Slope: 0% Co-ordinates: 2*02'S/31011'E

Soil: Vertisol Petrography: no stones

Tree layer
Height:-16 m Cover: 70%

Shrub layer
Height: - 5 m Cover: 20%

Herb layer
Height: -1 5 m Cover: 95%

Remarks: tree layer with Acacia polyacantha only, shmb layer with Vernonia sp, Grewia tnchocarpa, Acacia

brevispica

Community: Savanna woodland Square size: 2 5 x 2 5 m Square number: 10 Minimal area: 45 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia gerrardii
Achyranthes aspera var 1

Achyranthes aspera var 2

Chlons gayana

Echinochloa sp

Haplocoelum gallaense
Monechma debile

Panicum maximum

Solanum incanum 9 9 63

2 Grewia tnchocarpa
1

2 3 12 125

3 Anchylobotns amoena

Capsicum frutescens

"Liane"

"Keimling" 4 16 18 8

4 Hamsonia abyssinica

Hyparrhenia sp 2 18 25

4 m left out large hole)

5 Manscus sp

5 2 20 313

6 Jasminum sp

Pappea capensis

"Sukkulent" 3 23 37 5

7 Asteraceae 1 24 438

8 Acacia polyacantha 1 25 50

9 - - 25 56 3

10 - - 25 62 5
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Minimal area of the herb layer

Author: Urs Bloesch Location: Burigi Survey: 5 Date: 9.3.1995

Elevation: 1190 m a.s.l. Landform: foot-slope Aspect: 45° Slope: 3% Co-ordinates: 2'0VSIW\YE

Soil: Petrography: 10% of soil matrix are quartzites / shales (lateritic); few blocks

Tree layer

Height:-12 m Cover: 35%

Shrub layer
Height: Cover:

Herb layer
Height: -1.5 m Cover: 95%

Remarks: shmb layer included in tree layer; tree (shmb) layer with Acacia polyacantha, Acacia gerrardii

Community: Savanna woodland Square size: 2.5 x 2.5 m Square number: 7 Minimal area: 28 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Amaranthus sp.

Asparagus buchananii

Brachiaria humidicola

Cynodon dactylon

Hypoestes forskalei

Leucas glabrata
Sporobolus pyramidalis
Vernonia sp. 8 8 6.3

2 Acacia polyacantha
Hamsonia abyssinica

3 3 11 12.5

3 - - 11 18.8

4 -
- 11 25

5 Setaria megaphylla 1 12 31.3

6 - - 12 37.5

7 -
- 12 43.8
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Minimal area of the herb layer

Author: Urs Bloesch Location: Bungi Survey: 1 Date: 8 31995

Elevation 1260 m asl Landform: slope Aspect: 90' Slope: 45% Co-ordinates: 2'02' S/31°10' E

Soil: Leptosol Petrography: 75 % of soil matrix quartzite (silex), 30 % stony blocks on surfe

Tree layer
Height: - 6 5 m Cover: 15 - 20%

Shrub layer
Height: Cover:

Herb layer
Height: - 4 m Cover: 65%

Remarks: shmb layer included in herb layer, tree layer with Lannea fulva, Albrzia petersiana, Haplocoelum

gallaense, Pavetta pieriobi, Canthium lactescens, Strychnos lucens, Acacia brevispica, Markhamia obtusifolia

Community: Large thicket cl (2 5 ha) Square size: 2 x 2 m Square number: 10 Minimal area: 28 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia brevispica
Blephanspermum pubescens
Crabbea velutna

Croton dichogamus
Croton macrostachyus
Cyanotis arachnoidea

Euclea drvinorum

Hypoestes forskalei

Sarcostemma viminale

G

H

"Wiesensalbei" 12 12 4

2 Haplocoelum gallaense

Strychnos lucens

Synadenium grantii
"Farn"

M

N 6 18 8

3 Tarenna graveolens
R 2 20 12

4 Clausena anisata 1 21 16

5 Sanseviena cyhndnca 1 22 20

6 Osyns lanceolata

U 2 24 24

7 Amaranthaceae

Ruelha patula 2 26 28

8 "Gras 1" 1 27 32

9 - - 27 36

10 - - 27 40
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Minimal area of the herb layer

Author: S Bucher, S Bosshart Location: Ibanda Survey: 2 Date: 1510 93

Elevation 1390 m asl Landform: slope Aspect: 115" Slope: 25-65% Co-ordinates: 2*06' S/30"51' E

Soil: Petrography: quartzite (including few blocks), shale, cover 5 %

Tree layer
Height:-16 m Cover: 40 (60)%

Shrub layer
Height: Cover:

Herb layer
Height:-4 m Cover: 40 (70)%

Remarks: shmb layer included in herb layer, dominant species of the tree layer Albrzia petersiana,

Blephanspermum pubescens, Canthium vulgare, Teclea nobilis

Community: Large thicket cl (1 ha) Square size: 3 x 3 m Square number: 10 Minimal area: 50 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Asparagus fiagellans

Asplenium lividum

Cappans erythrocarpos
Fuerstia afncana

Grewia tnchocarpa

Microglossa pynfolia
Panicum maximum

1083 a)
1083 b)
1038 10 10 9

2 Acacia polyacantha
Canthium vulgare
Clerodendrum myricoides var discolor

Craibiacfr brownn

Haplocoelum gallaense
Pavetta sp

Teclea nobilis 7 17 18

3 Acalypha bipartta
Achyranthes aspera

Clausena anisata

Crabbea velutina

Croton dichogamus
Dyschonste sp

Kalanchoe beniensis

Sanseviena cylindnca
Sarcostemma viminale 9 26 27

4 Abutilon sp

Asparagus falcatus

Chlorophytum decoratum

1006

1084 5 31 36

5 5 m left out (large blocks)
5 Cissus quadrangulans 1 32 45

6 Solanum cyanopurpureum 1 33 54

7 -
- 33 63

8 -
- 33 72

9 Acacia brevispica 1 34 81

10 -
- 34 90
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Minimal area of the herb layer

Author: S Bucher, S Bosshart Location: Ibanda Survey: 3 Date: 2511 93

Elevation 1350 m asl Landform: slope Aspect: 250° Slope: 24% Co-ordinates: 2°06' S/30°50' E

Soil: Petrography: cover 3 %

Tree layer
Height: - 9 m Cover: 25%

Shrub layer
Height: Cover:

Herb layer
Height: -4m Cover: 70%

Remarks: shmb layer included in herb layer, dominant species of the tree layer Albrzia petersiana, Canthium

vulgare, Tarenna graveolens, size of thicket clump too small to detennine correctly minimal area

Community: Large thicket clump (12 i Square size: 3 x 3 m Square number: 12 Minimal area: 85 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia brevispica

Asparagus falcatus

Canthium vulgare
Celosia stuhlmanmana

Cissus quadrangulans
Crabbea velutina

Croton dichogamus
Drypetes gerrardii var tomentosa

Erythrococca fishen

Haplocoelum gallaense
Panicum maximum

Sanseviena cylindnca
Sarcostemma viminale

Solanum renschn

Tarenna graveolens
Teclea nobilis

Vernonia sp

1013

1139

1141

1142

1144 22 22 9

2 Albrzia petersiana
Cappans sepiana var nvae

Chlorophytum decoratum

Kalanchoe beniensis

Leucas martnicensis

Synadenium grantn
1140

1145 8 30 18

3 Asplenium lividum

1029

1031

1043 4 34 27

4 Cappans erythrocarpos
1123

1127 3 37 36

5 - - 37 45

6 Cappans fascicularis

Cyphostemma adenocaule

Tncalysia sp 3 40 54

A33



7 1124

1125 2 42 63

8 Grewia trichocarpa

1126 2 44 72

9 1121 1 45 81

10 Canthium bibracteatum

1122 2 47 90

11 -
- 47 99

12 1120 1 48 108

A34



Minimal area of the herb layer

Author: S Bucher, S Bosshart Location: Ibanda Survey: 4 Date: 10 12 93

Elevation-1370 m asl Landform: slope Aspect: 280* Slope: 20% Co-ordinates: 2"05' S/30°51' E

Soil: Petrography: cover less than 1%

Tree layer

Height: -10 m Cover: 55%

Shrub layer

Height: Cover:

Herb layer

Height: - 4 m Cover: 65%

Remarks: shmb layer included in herb layer, dominant species of the tree layer Albizia petersiana, Canthium

zanzibancum, Haplocoellum gallaense, srze of thicket clump too small to determine correctly minimal area

Community: Thicket clump (8 a) Square size: 3 x 3 m Square number: 10 Minimal area: 60 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia brevispica

Acalypha bipartite

Allophylus macrobotrys

Blephanspermum pubescens
Canthium vulgare
Capparis sepiana var nvae

Cissus quadrangulans
Croton dichogamus

Haplocoelum gallaense
Panicum maximum

Phytolacca dodecandra

Sacrostemma viminale

Sansevena cylindnca
Solanum renschit

Tarenna graveolens
Teclea nobilis

1013

1030

1156 19 19 9

2 Asparagus falcatus

Cappans erythrocarpos

Chlorophytum decoratum

Cyphostemma cyphopetalum
Kalanchoe beniensis

Tncalysia sp

1152

1161 8 27 18

3 Drypetes gerrardii var tomentosa

Heteromorpha tnfohata

Setana homonyma
1155 4 31 27

4 Dioscorea schimpenana
1157

1147 3 34 36

5 1065 1 35 45

6 Crabbea velutina 1 36 54

7 Vernoniaceae

1122 2 38 63

8 -
- 38 72

9 Canthium bibracteatum 1 39 81

10 -
- 39 90
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Minimal area of the herb layer

Author: S Bucher, S Bosshart Location: Ibanda Survey: 5 Date: 412 93

Elevation 1370 m asl Landform: slope Aspect: 280° Slope: 25% Co-ordinates: 2°05' S/30'51' E

Soil: Petrography: cover 0%

Tree layer

Height: -14 m Cover: 60%

Shrub layer

Height: Cover:

Herb layer
Height: - 4 m Cover: 50%

Remarks: shmb layer included in herb layer, dominant species of the tree layer Haplocoelum gallaense, Canthium

zanzibancum, Stychnos usambarensis

Community: Large thicket clump (1 h; Square size: 3 x 3 m Square number: 10 Minimal area: 55 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia brevispica

Acalypha bipartite
Blephanspermum pubescens

Cappans erythrocarpos

Cappans sepana var nvae

Cissus quadrangulans
Croton dichogamus

Drypetes gerrardii var tomentosa

Euphorbia dawei

Haplocoelum gallaense
Panicum maximum

Sarcostemma viminale

Strychnos usambarensis

Synadenium grantii
1065

1145

1169

1162

1175 19 19 9

2 1019

1147

1166

1172

1176 5 24 18

3 Asparagus flagellans
Blepharis maderaspatensis subsp rubnfoha

Canthium lactescens

Setaria homonyma

Tinospora tenera

1170

1171 7 31 27

4 Tarenna graveolens
Teclea nobilis

1163

1174 4 35 36

5 Albrzia petersiana
1165

1177 3 38 45

6 Cyphostemma adenocaule 1 39 54

7 Celosia stuhlmanmana

Chlorophytum beniense 2 41 63

8 -
- 41 72

9 -

- 41 81

10 -
- 41 90
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Minimal area of the herb layer

Author: S Bucher, S Bosshart Location: Ibanda Survey: 6 Date: 6 10 92

Elevation 1350 m asl Landform: slope Aspect: 90° Slope: 30-35% Co-ordinates: 2*03' S/30"51'E

Soil: Petrography: 40% stony blocks on surface

Tree layer
Height:-15 m Cover: 10%

Shrub layer
Height: Cover:

Herb layer
Height: - 6 m Cover: 40 (90)%

Remarks: shmb layer included in herb layer, dominant species of the tree layer Albizia petersiana, Drypetes

gerrardii var tomentosa

Community: Large thicket clump (3 to Square size: 3 x 3 m Square number: 13 Minimal area: 85 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acacia polyacantha

Allophylus macrobotrys

Asplenium lividum

Canthium zanzibancum

Croton macrostachyus
Justjcia matammensis

Microglossa pynfolia
Monechma debile

Pavetta oliverana

Strychnos usambarensis

1

4 12 12 9

2 Digitana maitlandii

Haplocoelum gallaense
Sanseviena cylindnca
Strychnos lucens

"liane 1" 5 17 18

3 Kalanchoe sp 1 18 27

4 Asparagus falcatus

Croton dichogamus
Erythrococca fishen

Pavetta pierlotii
Sacrostemma viminale 5 23 36

5 Celosia stuhlmanniana 1 24 45

6 Albizia petersiana
Commelina africana

Fuerstia afncana 3 27 54

7 Synadenium grantji 1 28 63

8 Aloe volkensii

Cyphostemma adenocaule 2 30 72

9 Boscia angustifolia
"hane 3" 2 32 81

10 -
- 32 90

11 -
- 32 99

12 Anstea sp

Cappens erythrocarpos 2 34 108

13 -
- 34 117
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Minimal area of the herb layer

Author: Urs Bloesch Location: Ibanda Survey: 1 Date: 18.12.1992

Elevation: 1310 m a.s.l. Landform: valley bottom Aspect: Slope: 0% Co-ordinates: 2*07" S/30°50' E

Soil: Petrography: no stones

Tree layer
Height: - 20(25) m Cover: 60%

Shrub layer
Height: - 6 m Cover: 30%

Herb layer
Height: - 2 m Cover: 90%

Remarks: dominant species of the three and shmb layer: Sapium ellipticum, Albizia petersiana, Phoenix reclinate,

Ekebergia capensis, Teclea nobilis, Allophylus kiwuensis

Community: Swamp forest Square size: 3 x 3 m Square number: 22 Minimal area: 140 m2

Square Species
Number of new

species

Cumulative tot.

numb, of species
Area (m2)

1 Acalypha sp.

Achyranthes aspera

Beckeropsis uniseta

Brillantaisia patula

Capparis fascicularis var. elaeagnoides
Clerodendrum

Cissampelos mucronata

Dioscorea schimperiana

Hypoestes
Panicum calvum

Securinega virosa

Teclea nobilis

Thunbergia aiata

Tinophora sp.

1 15 15 9

2 Cyphostemma cyphopetalum
Maytenus undata

Oreosyce africana

Paullinia pinnate
Tacazzea apiculate 5 20 18

3 Dracaena frag/ans
Mezoneuron angolense
Phoenix reclinate

Uvaria schweinfurthii

Cyathula polycephala
Basella alba

Grewia trichocarpa 7 27 27

4 - - 27 36

5 - - 27 45

6 Celtis africana

Triumfetta cordifolia 2 29 54

7 Setaria megaphylla 1 30 63

8 Commicarpus plumbagineus 1 31 72

9 -
- 31 81

10 -
- 31 90

11 -
- 31 99

12 Pupalia grandiflora
Vernonia pogosperma 2 33 108

13 -
- 33 117

14 Acanthus pubescens 1 34 126

15 Kosteletzkya adoensis 1 35 135

16 Vitaceae 1 36 144

A 41



17 - - 36 153

18 - - 36 162

19 Erythrina abyssinica 1 37 171

20 - - 37 180

21 - - 37 189
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Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 1 L.HT Date: 30.8.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 270° Slope: 10%

Surface thicket clump: 60m2 Size of relevé: 3 x 3 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -9 m Cover: 65%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.6 m Cover: 35%

Remarks: shrub and tree layer not separated; nucleus trees: Olea europea

var. africana, Maytenus heterophylla
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Abphytis sp 1

Canthium lactescens 1

Canthium schimperanum 3

Coffea eugenioides 1

Grewia simiis 1

Grewia tnchocarpa +

Maerua tnphyla var phannis 1

Maytenus heterophyla 2

Olea europea var afncana 3

Psychotna kirkii var mucronata +

Scutia myrtina 1

Teclea nobis 2

Lianas

Asparagus fabatus +

Others

Asystasia gangetica 1

Solanum cyano-purpureum +

Orchldaceae +

Woody plants

AtophyLs sp +

Coffea eugenioides 1

Grewia simiis 1

HapbcoeLim gataense 1

Maema tnphyla var johannis +

Maytenus undata +

Olea europea var afncana 1

Scuta myrtna +

Others

Achyranthes aspera 1

Asystasia gangetica 2

Conyza sumatrensis +

Solanum cyano-purpureum 1

Lianas

Jasminum schimpen 1

Graminae

Setana kagerensis 2

Lianas

Asparagus fabatus +

Others

Asparagus racemosus +

Sansevena parva +

B 1



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 2 L.HT Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 280° Slope: 10%

Surface thicket clump: 100m2 Size of relevé: 4 x 5 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -6.5 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 10%

Remarks: shrub and tree layer not separated; nucleus tree: Grewia

trichocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Coffea eugenioides 1

Grewia tnchocarpa 2(3)

Maerua tnphyla var johannis 2

Maytenus heterophylla 2

Mcrogbssa pynfoia +

Olea europea var afncana 2

Rhus natalensis 1

Scutia myrtina 1(2)

Tectea notais 1

L20 2

Lianas

Asparagus fabatus 1

Qssus quadrangulans 1

Others

Conyza fbnbunda 1

Woody plants
Canthium schimperanum +

Hapbcoelum gallaense 1

Maytenus heterophylla 1

Scutia myrtina +

Others

Abutibn mauntianum +

Achyranthes aspera 1

AtophyLs sp +

Asystasia gangetica +

Conyza sumatrensis 1

Dyschonste cinopodioides 1

"Dickblettgew
"

+

L13 +

Lianas

Qssus quadrangulans +

Jasminum schimpen +

Vitaceae +

Graminae

Setana kagerensis 1(2)

Lianas

Asparagus fabatus 1

B2



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 3 L.HT Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 290° Slope: 9%

Surface thicket clump: 20m2 Size of relevé: 4 x 5 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -8 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height:-1.1 m Cover: 40%

Remarks: shrub and tree layer not separated; nucleus trees: Olea europea

var. africana
Community: Thicket clump

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Canthium lactescens 1 Euclea schimpen + Setana kagerensis 2

Canthium schimperanum 2 Grewia tnchocarpa +

Canssa eduis 1 Teclea nobis +

Coffea eugenioides 2 Lianas

Euclea schimpen 1 Asparagus fabatus +

Grewia tnchocarpa 2 Others

Maerua tnphyla var johannis 2 Abutibn mauntianum +

Maytenus heterophylla 2 Achyranthes aspera 1(2) Others

Olea europea var afncana 2 Asystasia gangetica 2 Anthencum cameronn 1

Rhus natalensis 1 Dyschonste cinopododes 1

Scuta myrtina + Ocimum sp 1

Teclea nobis 2 "Dckblattgew
'

+

Lianas Lianas

Asparagus fabatus Jasminum schimpen +

Cappans erythrocarpos

Qssus quadrangulans

Cyphostemma adenocaue

Jasminum schimpen

Others

Asystasia gangetica 1

Solanum cyano-purpureum +

B3



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 4 L.HT Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 295° Slope: 8%

Surface thicket clump: 75 m2 Size of relevé: 4 x 4 m Co-ordinates: 0°37'58M S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -6 m Cover: 70%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 15%

Remarks: shrub and tree layer not se

var. africana

parated; nucleus tree: Olea europea
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Cadaba fannosa subsp adenotncha 1(2) Canthium schimperanum -*• Setana kagerensis 1

Canthium lactescens 1 Coffea eugenioides -t-

Coffea eugenioides 2 Grewia tnchocarpa +

Euphorbia candelabrum + Maytenus heterophyla + Lianas

Fbucourta indica 1 Olea europea var afncana 1 Asparagus fabatus 1

Grewia simiis 1

Grewia tnchocarpa 2

Lannea fulva 1 Others Others

Maytenus heterophyla 1(2) Abutibn mauntianum + Anthencum cameronii +

Olea europea var afncana 2 Achyranthes aspera 1 Commeina afncana var virbsa +

Psychotna kirkii var mucronata 1 Allophylus sp + GeophytL +

Scutia myrtina 2 Asystasia gangetica +

Teclea nobis 2 Dyschonste cinopododes

L13

L14

1

1

1(2)

Lianas

Asparagus fabatus 1

Cappans fascicurans var elaeagnoides 1 Lianas

Cappans fasoculans var elaeagnoides

Vitaceae +

Others

Abutibn mauntianum 1

Asystasia gangetica +

Conyza sumatrensis 1

B4



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 5 L.HT Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 300° Slope: 10%

Surface thicket clump: 120 m2 Size of relevé: 5.2 x 5.2 m Co-ordinates: 0°37'58" S/30e58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -9 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 12%

Remarks: shrub and tree layer not separated; nucleus tree: Olea europea

var. africana
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Canthium lactescens 1(2)

Coffea eugenioides 2

Euphorbia candelabrum 1

Grewia simiis +

Grewia tnchocarpa 2

Oba europea var afncana 3

Teclea nobtis 2

L20 2

Lianas

Asparagus fabatus +

Cappans erythrocarpos 1

Qssus quadrangulans 1

Jasminum schimpen 1

Others

Abutibn mauntianum +

Asystasia gangetica 1

Woody plants
Canthium schimperanum +

Flaucourtia indica +

Hapbcoelum gallaense 1

Psychotna kirkii var mucronata +

Teclea notais +

120 +

Others

Abutibn mauntianum +

Achyranthes aspera 1

Asystasia gangetica 1(2)

L14 1(2)

Lianas

Jasminum schimpen 1

Vitaceae +

Graminae

Setana kagerensis 1

Lianas

Asparagus fabatus +

B5



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 6 L.HT Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 270° Slope: 7%

Surface thicket clump: 120 m2 Size of relevé: 5.2 x 5.2 m Co-ordinates: 0°37'58M S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7.5 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.4 m Cover: 15%

Remarks: shrub and tree layer not separated; plant species from transect;

nucleus tree: Olea europea var. africana
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Allophylus macrobotrys 1

Canthium schimperanum 3

Coffea eugenioides 2

Grewia simiis 1

Micraglossa pyrifolia 1

Ochna hotst» 1

Olea europea var afncana 2(3)

Psychotna kirk» var mucronata 1

Rhus natalensis +

Scutia myrtina 1

Teclea nobis 2

Lianas

Cappans erythrocarpos 1

Jasminum schimpen 1

Woody plants

Allophylus macrobotrys +

Coffea eugenioides +

Euclea schimpen +

Euphorbia candelabnjm +

Grewia simiis 1

Scutia myrtina +

Tecrea nobis 1

Lianas

Cappans erythrocarpos +

Others

Abutbn mauntianum +

Achyranthes aspera 1

Asystasia gangetica 1

Blepharis maderaspatensis subsp. rubiifolla +

Dischonste cinopodoides 1

Fuerstia africana +

Graminae

Setana kagerensis +

Lianas

Scadoxus mulifbrus +
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Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 1 L.PT Date: 29.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 100 m2 Size of relevé: 3 x 4 m Co-ordinates: 0o35'45" S/30°55'57" E

Petrography: Soil texture: Soil type: vertic Planosol ?

Tree layer:

Height: -6 m Cover: 85%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 15%

Remarks: nucleus tree: Grewia trichocarpa; 5% of area covered by thicket

clumps
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Erythrooocca bongensis +

Euphorbia candelabrum +

Grewia simiis 1

Grewia tnchocarpa 3(4)

Maerua tnphyla var johannis 2

Scutia myrtina 2

Lianas

Cappans erythrocarpos 1

Qssus quadrangulans 1

Asparagus fabatus 1

Others

Acarypha btpartita +

Achyranthes aspera 2

Woody plants

Hapbcoehm gakense +

Rhus natalensis +

Lianas

Qssus quadrangulans 1

Jasminum schimpen 1

Others

Achyranthes aspera 1

Tnumfettacordrtbia +

Graminae

Lianas

Asparagus fabatus 1

Others

Sanseviena parva 2
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Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 2 L.PT Date: 30.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 60 m2 Size of relevé: 4 x 5 m Co-ordinates: 0°36'26" S/30°57'59" E

Petrography: Soil texture: Soil type: vertic Planosol ?

Tree layer:

Height: -7 m Cover: 60%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.6 m Cover: 25%

Remarks: nucleus tree: Euphorbia candelabrum, Grewia similis; 10% of

area covered by thicket clumps
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Canssa eduis 1 AbphyLs L2 + Setana kagerensis 1

Euphorbia candelabrum 3 Euclea schimpen +

Grewia simiis 3 Grewia simiis 1

Grewia tnchocarpa 1 Pappea capensis + Others

Maerua tnphyla var johannis 1 Psychotna kirkii var mucronata + Sanseviena parva 2

Maytenus heterophyla 2 Rhus natalensis 1

Pappea capensis + Scutia myrtina +

Rhus natalensis 2 Lianas

Scutia myrtina 2 Asparagus fabatus +

Ziaphus mucronata 1 Lianas

Jasminum schimpen 1

Lianas

Asparagus fabatus 1 Others

Cappans erythrocarpos 2 Abutibn mauntianum 1

Cappans fasoculans var elaeagnoides 1 Achyranthes aspera +

Qssus quadrangulans 1 Fuerstia afncana 1

Cyphostemma adenocaute 1 Solanum cyano-purpureum +

Jasminum schimpen + "Dickblattgew
'

+

Sarcostemma viminale 1

Others

Abutibn mauntianum 2

Crassocephakjm sarcobasis 1

Lantana rhodesiensis +

Solanum cyano-purpureum +
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 1 Ki.PT Date: 16./17.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2 %

Surface thicket clump: 120 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°27'25" S/31°13'39" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -12 m Cover: 70%

Shrub layer:

Height: Cover:

Herb layer:

Height: - 0.6 m Cover: 5 -10%

Remarks: shrub and tree layer not separated; nucleus trees: Albizia

petensiana, Pittosporum spathicalyx
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abzia petersiana 2(3) Acokanthera schimpen 1 Setana kagerensis 1

Canthium sp 1 2 Abzia grandibracteata 1

Canthium sp 2 1(2) Arbphyiis macrobotrys 1

Canssa eduis 2(3) Euclea schimpen 1 Others

Euclea schimpen 1 Garama buchananii + Sanseviena parva 1

Flacourtia indica + Hapbcoelum gallaense 1

Grewia tnchocarpa 1(2) Maytenus arguta 2

Hapbcoelum gafeense 1 Scutia myrtina 1

Hamsonia abyssinica 1 Teclea nobis 1

Hibiscus sp 1

Ofea europea var afncana 1

Pittosporum spathicalyx 2 Lianas

Rhus natalensis 2(3) Asparagus falcatus +

Scutia myrtina 1 Cappans erythrocarpos +

Secunnega virosa + Qssus quadrangulans +

Teclea nobis 2 Jasminum fluminense +

43 1 Jasminum schimpen 1

Sarcostemma viminale +

Lianas

Abrus canescens 1

Cappans erythrocarpos 2

Qssus quadrangulans 1

Jasminum fluminense 2

Jasminum schimpen 1

Landobhia owanensis 1

Paullinia pinnata 1

Sarcostemmaviminale 1

Strychnos lucens 1

"Liane 1" +
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Others

Asparagus racemosus +

Asystasia gangetica 1

Cordia sinensis +

Hibscus aponeurus 1(2)

Solanum cyano-purpureum 1
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 2 Ki.PT Date: 10.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 100 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°27'27" S/31°13'43" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -12 m Cover: 70%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.3 m Cover: 5%

Remarks: shrub and tree layer not separated; nucleus tree: Albizia

peterisiana; height of termite mound: 2m
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthera schimpen 1 Euclea schimpen + Setaria kagerensis 1

Abzia petersiana 3 Teclea nobilis +

Allophylus macrobotrys + Hapbcoelum gallaense +

Canthium sp 1 + Prttosporum spathicalyx + Others

Canthium vulgare + Sansevieria parva 1

Canssa edufs 2

Qausena anisata 1 Lianas

Erythrococca bongensis + Jasminum schimpen 1

Euclea schimpen +

Ficus eryobotnoides +

Ficus gLmosa 2

Grewia tnchocarpa 1

Hapbcoelum gafaense 1

Hamsonia abyssinica 1

Maytenus arguta +

Maytenus undata +

Olea europea var afncana +

Pappea capensis +

Pittosporum spathicalyx 2

Psychotna kirkti var mucronata +

Rhus natalensis 2

Scutia myrtina 1(2)

Strychnos usambarensis +

Teclea nobis 2

119 +

Lianas

Ancybbothrys amoena 1

Cappans erythrocarpos 2

Qssus quadrangulans 1

Jasminum fluminense 1

Jasminum schimpen 1(2)

"Latexiane" +
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Others

Ipomoea +

Solanum cyano-purpureum 1

Triumfetta cordifbia +
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 3 Ki.PT Date: 31.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 110 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°27'27" S/31°13'41" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -11 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.4 m Cover: 5%

Remarks: shrub and tree layer not separated; nucleus trees: Albizia

petersiana, Grewia trichocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abzia petersiana 2(3) Qausena anisata 1

Abphybs macrobotrys 1 Euclea schimpen 1

Canthium sp 2 1 Hapbcoelum galaense 1 Others

Canssa eduis 2 Microgbssa pynfoia 1 Sanseviena parva 1

Qausena anisata 1

Combretum mole 1

Euphorbia candelabrum + Lianas

Grewia tnchocarpa 2 Abus canescens +

Hapbcoelum galaense 1 Blephanspermum pubescens +

Hamsonia abyssinica 1 Jasminum fluminense 1

Maytenus arguta + Jasminum schimpen 1

Olea europaea var afncana 1

Pappea capensis 1

Pittosporum spathicalyx 1

Rhus natalensis 2

Rytgynia bugshawei var bbrumi 1(2)

Scutia myrtina 1(2)

Teclea nobis 1

147 *

Lianas

Abus canescens +

Ancybbothrys amoena +

Asparagus fabatus +

Blephanspermum pubescens +

Cappans erythrocarpos 2

Qssus quadrangulans 1

Jasminum fluminense 1

Jasminum schimpen 1
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Others

Asparagus racemosus +

Asystasia gangetica

Sidasp

Solanum angurvi

Tnumfetta cordifbia

"banel'

"Minze"

37 (Compositeae)
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.PT Date: 31.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 110 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°27'28" S/31°13'47" E

Petrography: Soil texture: Soil type: vertic Planasol

Tree layer:

Height: -9.5 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 10%

Remarks: shrub and tree layer not separated; nucleus trees: Olea europea

var. africana, Albizia petersiana
Community: Thicket clump

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthera schimpen 1 Cadaba fannosa subsp adenotncha + Setana kagerensis +

Abzia petersiana 2 Euclea schimpen +

AbphyLs macrobotrys 1 Hapbcoelum gallaense 1

Cadaba fannosa subsp adenotncha 1 Pappea capensis + Others

Canthium sp 1 1 Pittosporum spathicalyx + Sanseviena parva 1(2)

Canssa eduis 2(3) Rhus natalensis 1

Qausena anisata 1 Strychnos usambarensis 1

Euclea schimpen 1(2) Teclea nobis 1

Euphorbia candelabrum + 142 +

Ficus gbmosa 1(2) 151 +

Fraucourtja indica 1 155 +

Grewia tnchocarpa 1(2)

Hamsonia abyssinica 1

Maerua tnphyla var johannis 1 Lianas

Maytenus arguta 1 Blephanspermum pubescens +

Maytenus heterophylla 1 Jasminum schimpen 1

Olea europaea var afncana 2 Sarcostemma viminale 1

Pappea capensis 1

Pittosporum spathicalyx 1(2)

Rawsonia bada +

Rhus natalensis 2

Scutia myrtina 1

Solanum anguivi 1

Teclea nobis 1

235 +

Lianas

Cappans erythrocarpos 2

Qssus quadrangulans 1

Jasminum fluminense 1

Jasminum schimpen 1

Rrxxcrssus tndentata +

Sarcostemma viminab 1

Abus canescens +
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Others

Abe vokensii

Asparagus flageltans

Asparagus racemosus
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 5 Ki.PT Date: 6.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 26 m2 Size of relevé: 4 x 4 m Co-ordinates: 1°27'31" S/31°13'48" E

Petrography: Soil texture: Soil type: vertic Planasol

Tree layer:

Height: -5.8 m Cover: 65%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.9 m Cover: 20%

Remarks: shrub and tree layer not separated; nucleus trees: Euclea

schimperi, Pittosporum spathicalyx
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abzia petersiana 1(2) Bosaa angustifbla var corymbose + Panicum maximum 1(2)

Canssa eduis 1(2) Canssa eduis 1 Setana kagerensis 2

Commiphora afncana var viFbsa + Coffea eugenioides +

Euclea schimpen 2 Euctea schimpen +

Hamsonia abyssinica 1 Flacourtia indica +

Pappea capensis 1 Grewia tnchocarpa 1

PittDsporum spathicalyx 1(2) HapcoeUm galaense 1

Rhus natalensis 2 Otea europaea var afncana 1

Scutia myrtina 1(2) Pappea capensis +

Teclea nobis 1 Scutia myrtina 1

Teclea nobis 1

Lianas

Cappans fasoculans var elaeagnoides 2(3) Others

Qssus quadrangulans 1 Cebsia tngyna 1

Cyphostemma heterotnchum + Fuersta afncana 1

Jasminum fluminense 1 Vernonia schweinfurthii 1

Jasminum schimpen 1

Racissussp 1

Vrtacee + Lianas

Qssus quadrangulans 1

Jasminum fluminense 1

Others Jasminum schimpen 1

Asparagus flageians +

Solanum cyano-purpureum 1

"Minze"? 1
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 6 Ki.PT Date: 7.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 26 m2 Size of relevé: 3 x 4 m Co-ordinates: 1°27' 30" S/31°13'49" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -6 m Cover: 30%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1 m Cover: 55%

Remarks: shrub and tree layer not separated; nucleus trees: Grewia

Euclea schimperi
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Canssa eduis 2

Coffea eugenioides 1

Euclea schimpen 1(2)

Grewia tnchocarpa 2(3)

Hamsonia abyssinica 1

Olea europaea var afncana 1

Rhus natalensis 2

Teclea nobis 1

118 +

145 +

221 1

226 1

Lianas

Qssus quadrangulans +

Jasminum fluminense 1

Jasminum schimpen +

Woody plants
Euclea schimpen +

Hapbccebm galaense 1

Hamsonia abyssinica 1

Olea europaea var afncana 1

Pappea capensis +

Pittosporum spathicalyx 1

Scutia myrtina +

Teclea nobis 1

Lianas

Cappans erythrocarpos +

Qssus quadrangulans +

Jasminum fluminense 1

Jasminum schimpen 1

Others

Abutibn mauntianum +

Cebsia tngyna 1

Vernonia schweinfurthii 1

"Mmze" 1

Graminae

Cynodon dactylon +

Panicum maximum 2

Setaria kagerensis 2

Others

Abe vokensii +
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Author: Urs Bloesch Location: Kikulula Survey: 1 Ki.HT Date: 26.5.1998

Elevation: 1230 m a.s.l Landform: slope Aspect: 270° Slope: 45%

Surface thicket clump: 700 m2 Size of relevé: 8 x 8 m Co-ordinates: 1°28'50" S/31°12'30" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height:-14 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: Cover:

Remarks: shrub and tree layer not separated; several nucleus trees: Haplocoelum

gallaense, Canthium schimperanum, Drypetes gerrardii var. tomentosa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthera schimpen + Canthium schimperanum +

Abohytis macrobotrys 1 Drypetes gerrardii var. tomentisa +

Annona senegalensis + Euclea schimpen +

Canthium lactescens + Hapbcoelum galaense 1

Canthium schimperanum 2 Psychotna kirkii var mucronata 1

Canthium sp 1(2)

Canthium vulgare 1

Cassia spectabtis + Lianas

Combretum mole 1 Ancylobotrys amoena +

Combretum mossambicense + Blepharispermum pubescens 1

Dabergia nitidula 1 Cissus quadrangulans +

Euclea schimpen 1 Jasminum schimpen 1

Ficus ovata 1

Flacourtia indica +

Grewia tnchocarpa + Others

Hapbcoelum gallaense 3 Achyranthes aspera +

Hamsonia abyssmica + Asplenium stuhlmanmi 1

Microgbssa pynfoia +

Olea europea var afncana 1

Psychotna kirku var mucronata 1

Rhus natalensis +

Rhynchosia resinosa 2

Teclea nobilis 1(2)

"geehrter Baum" +

31 +

Lianas

Abrus canescens +

Ancylobotrys amoena 1

Cissus quadrangulans 1

Cyphostemma adenocaule 1

Dioscorea schimperiana +
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Others

Aloe volkensii 1

Crassocephalum sarcobasis 1

Hibiscus sp. +
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Author: Urs Bloesch Location: Kikulula Survey: 2 Ki.HT Date: 29.5.1998

Elevation: 1240 m a.s.l Landform: slope Aspect: 70° Slope: 60%

Surface thicket clump: 1500 m2 Size of relevé: 8 x 8 m Co-ordinates: 1°28'50" S/31°12'30" E

Petrography:
Soil texture: 50% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: -10 m Cover: 50-60%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.2 m Cover: 60%

Remarks: shrub and tree layer not separated, numerous nucleus trees Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abizia petersina + Acokanthera schimperi +

Annona senegalensis 1 Drypetes gerrardii var. tomentosa 1

Canthium lactescens *- Haplocoelum gallaense + Others

Canthium schimperanum + Aloe volkensi +

Canthium sp. 2

Canssa eduis 1 Lianas

Coffea eugenioides 1 Monechma debile 4

Combretum mote 1

Dabergia nrtudula 1

Devrais macrocaryx + Fern

Drypetes gerrardii var tomentosa 2 Asplenium stuhlmannii 1

Euclea schimpen +

Grewia tnchocarpa +

Hapbcoelum galaense 3 Others

Hamssonia abyssinica + "Echihoko kidogo" +

Jasminum fluminense +

Lannea schimpeni +

Maytenus arguata 1

Olea europea var afncana 1

Ozoroa reticulata +

Pappea capensis +

Pittosporum spathicalyx +

Psychotna kirk« var mucronata 1

Rawsonia luctda +

Rhus natalensis 1(2)

Rhynchosia resinosa 1

Strychnos lucens 1

Teclea nobis 1

"Omushangati" +

CC +

LL +
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Lianas

Ancybbotrys amoena 2

Blephanspermum pubescens 1

Cappans erythrocarpos +

Cissus quadrangulans +

Others

Aloe volkensii 1

Microglossa pynfblia +
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Author: Urs Bloesch Location: Kikulula Survey: 3 Ki.HT Date: 29.5.1998

Elevation: 1240 m a.s.l Landform: slope Aspect: 225° Slope: 40%

Surface thicket clump: 300 m2 Size of relevé: 8 x 8 m Co-ordinates: 1°28'40" S/31°12'30" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -14 m Cover: 65%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 15%

Remarks: shrub and tree layer not separated; several nucleus trees:

Albizia petersiana, Olea europea var. africana...
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abrus canescens + Acokanthera schimperi +

Abizia grandibracteata 1(2) Allophylus sp. +

Abzia petersiana 2 Clausena anisata +

Afcphytus macrobotrys + Drypetes gerrardii var. tomentosa 1

Canthium schimperanum 1(2) Haplocoelum gallaense 1

Canthium sp. 1 Pittosporum spathicalyx +

Canthium vulgare + Psychotria kirkii var. mucronata +

Canssa eduis 1

Clausena anisata +

Combretum coinum + Lianas

Combretum mole 1 Blepharispernum pubescens 2

Dichapetalum churish'lum 1 Capparis erythrocarpos 1

Oovyais macrocaryx 1 Monechma debile 1

Drypetes gerrardii var tomentosa 2

Euclea schimpen 1

Fracourtja indica + Fern

Garcinia buchananii 1 Asplenlum stuhlmannii +

Grewia mildbraedn +

Grewia tnchocarpa +

Hapbcoebm galaense 2

Hamsonia abyssinica +

Jasminum abyssinicum +

Mcrogbssa pynfoia 1

Olea europea var afncana 1

Pappea capensis +

Pittosporum spathicalyx 1

Psychotna kirkii var mucronata +

Rawsonia ucida 1

Rhus natalensis 1

Rhynchosia resinosa 1

Strychnos lucens 1

Zanthoxybn chalybeum +
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Lianas

Ancylobotrys amoena 1

Blepharispemum pubescens 1

Capparis erythrocarpos +

Cissus qudrangularis +

Others

Abevokensi 1

Asparagus flagellaris +

Asystasia gangetica +

Hibiscus sp. +
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.HT Date: 4.8.1998

Elevation: 1410 m a.s.l Landform: steep slope Aspect: 50° Slope: 45%

Surface thicket clump: 320 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°28,27" S/31°13'54" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -9 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: <5% (3%)

Remarks: shrub and tree layer not separated Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Bndeia scleroneura + Afephybs macrobotrys 1

Canthium schimperanum 2 Clausena anisata + Others

Canthium vulgare 1 Coffea eugenioides + Sanseviena parva 1

Canssa eduis 1 Drypetes gerrardii var tomentosa 1

Coffea eugenioides 2 Euclea schimpen +

Dabargia nitdula 1 Hapbcoelum galaense 1

Drypetes gerrardii var tomentosa 2 Teclea nobis 1

Garania buchananii 1 183 +

Hapbcoelum galaense 2(3)

Ochnanotsti 1 Lianas

Olea europea var afncana 1(2) Ancybbotrys amoena +

Pittosporum spathicalyx 1 Bephanspermum pubescens 1

Rhynchosia resmosa 1 Jasminum fluminense +•

Rhynchosia sp 1 Jasminum schimpen 1

Ryrjgyniasp +

Secunnega virosa 1

Teclea nobis 1

193 1

Lianas

Abruscanescens +

Ancybbotrys amoena 2

Blephanspermum pubescens

Cappans erthrocarpos

Jasminum fluminense

Jasminum schimpen

Rhoctssus revoiii

Strychnos ucens

Others

Seneao maranguensts 1
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 5 Ki.HT Date: 5.8.1998

Elevation: 1410 m a.s.l Landform: steep slope Aspect: 30° Slope: 35%

Surface thicket clump: 270 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°28'26" S/31°13'56" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -11 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.6 m Cover: 5%

Remarks: shrub and tree layer not separated Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Abzia petersiana + Acokanthera schimpen +

Canthium lactescens + Albphylus macrobotrys 1

Canthium schimperanum 2 Clausena anisata + Others

Canthium vulgare 1 Coffea eugenodes + Sanseviena parva +

Coffea eugenioides 1 Drypetes gerrardii var tomentosa 1

Combretum mob 2 Hapbcoelum gallaense 1

Dabergia nildub 1(2) Teclea nobis 1

Drypetes gerrardii var tomentosa 2 168 1

Enosema parvrfbrum + 182 +

Garrania buchananii 2 194 1

Hapbcoelum gallaense 2(3)

Olea europaea var afncana 2

Pappea capensis + Lianas

Pittosporum spathicalyx 1(2) Ancybbotrys amoena 1

Rhus natalensis 1 Blephanspermum pubescens +

Rhynchosia resinosa 1 Strychnos lucens 1

Rhynchosia sp 1

Secunnega «rosa 1

Teclea nobis 1

178 1

Lianas

Ancybbothns amoena 1(2)

Btephansperrnum pubescens +

Cappans erythrocarpos 1

Jasminum fluminense +

Strychnos ucens 1(2)

Others

Leonotis nepetaefoia 1
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 6 Ki.HT Date: 3.8.1998

Elevation: 1410 m a.s.l Landform: steep slope Aspect: 25° Slope: 45%

Surface thicket clump: 330 m2 Size of relevé: 5 x 5 m Co-ordinates: 1°28'30" S/31°13'55" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -9.5 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.6 m Cover: <5% (3%)

Remarks: shrub and tree layer not separated Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Canthrum schimperanum 3 Acokanthera schimpen 1

Canthium vulgare 1 Canthium schimperanum +

Canssa eduis 1 Coffea eugenioides 1 Others

Clausena anisata 1 Drypetes gerrardii var tomentosa 1 Sansevieria parva +

Coffea eugenioides 1 Euclea schimpen 1

Combretum mois 1 Hapbcoelum gallaense 1

Dabergia nibduta 1(2) Maytenus arguta +

Drypetes gerrardii var tomentosa 2 Rhus natalensis 1

Euclea schimpen 1 Rhynchosia resmosa 1

Garania buchananii 1 Teclea nobis +

Hapbcceum galaense 2 155 +

Oéa europea var afncana 1(2) 168 +

Pannan curateifoia 1

Pittosporum spathicalyx +

Rhus natalensis 1 Lianas

Rhynchosia sp 1 Ancybbotrys amoena 1

Scutia myrtina 1 Jasminum schimpen 1

Teclea nobis 1

172 1

178 1

Lianas

Ancybbotrys amoena 1

Rhoossus revoiii 1

Strychnos bcens 1

Others

Aloe volkensii 1

Convoburacae 1
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Author: Urs Bloesch Location: Mwendo Survey: 1 M.T Date: 10.5.1998

Elevation: 1400 m a.s.l Landform: slope Aspect: 135° Slope: 30%

Surface thicket clump: 200 m2 Size of relevé: 4 x 5 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: 0.4 - 6 m Cover: 90%

Herb layer:

Height: -0.4 m Cover: 3%

Remarks: nucleus tree not clear, tree cutting; herb layer from transect Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthera schimpen + Afbphybs macrobotrys 1

Boscta angustrfoia var corymbosa + Erythrococca bongensis +

Canthium lactescens 1 Psychotna kirtai var mucronata +

Canssa eduis 1(2) Tnumfetta cordifbia 1

Eucea schimpen +

Fbcourta indca 1

Grewia simiis 2 Lianas

Grewia trychcarpa 2 Ancybbotrys amoena +

Hapbcoelum galaense 2 Cappans erythrocarpos 1

Maytenus arguta + Jasminum schimpen 1

Osyrus lanceolata +

Psychotna kirkii var mucronata 2

Rhus natalensis 2 Others

Scutia myrtina 1(2) Asystasia gangetica +

Secunnega virosa 1 Fuerstia africana +

Teclea nobis 1

Tnumfetta cordrfoia 1

Vanguena apculata +

Rubaceaa 1 +

Rubaceael +•

42 +

Lianas

Ancybbotrys amoena 1

Blephanspermum pubescens 1

Cappans erythrocarpos 1(2)

Qssus quadrangulans +

Strychnos lucens 1
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Author: Urs Bloesch Location: Mwendo Survey: 2 M.T Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 100 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -6 m Cover: 85%

Herb layer:

Height: -0.4 m Cover: 10%

Remarks: nucleus tree not clear, tree cutting; herb layer from transect Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acokanthera schimpen +

Canthium lactescens 2

Coffea eugenioides 2

Flacourtia indica +

Maytenus arguta +

Pittosporum spathicalyx 1

Psychotna kirkii var mucronata 1

Rhus natalensis 2

Scutia myrtina +

Teclea nobis 2

Vanguena apculata 1

Lianas

Cappans erythrocarpos 1(2)

Cappans fasocurans var elaeagnoides 1

Qssus quadrangulans 1

Strychnos ucens 3

Woody plants
Coffea eugenioides +

Dovyais macrocalyx +

Euclea schimpen +

Scuta myrtina +

Lianas

Cappans erythrocarpos +

Cyphostemma adenocaute +

Jasminum schimpen 1

Graminae

Others

Sanseviena parva 1
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Author: Urs Bloesch Location: Mwendo Survey: 3 M.T Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 100 m2 Size of relevé: 4 x 5 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: 0.4-5.5 m Cover: 85%

Herb layer:

Height: -0.4 m Cover: 10%

Remarks: nucleus tree not clear, tree cutting Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Lianas

Acokanthera schimpen -*- Abphykis macrobotiys 1 Dioscorea sp.1 1

Abphylis macrobotrys + Tecfea nobis +

Canthium lactescens 1(2)

Camssa eduis 1

Coffea eugenioides 1 Lianas

Euclea schimpen + Qssus quadrangulans +

Flacourtia indica 1 Jasminum schimpen +

Grewia tnchocarpa 3

Pittosporum spathicalyx 1

Rhus natalensis 2 Others

Scutia myrtina + Asystasia gangetica 1

Tecfea nobis 2 Fuerstia africana 1

Tnumfetta cordrfoia 1

Vanguena apculata 1

61 +

64 1

Lianas

Asparagus fabatus 1

Cappans erythrocarpos 1

Cappans fasccurans var elaeagnoides +

Qssus quadrangulans +

Cyphostemma adenocaue 1

Strychnos ucens 2

"banel" 1

Others

Asystasia gangetica 1
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Author: Urs Bloesch Location: Mwendo Survey: 4 M.T Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 80 m2 Size of relevé: 4 x 4 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: 0.3-5.5 m Cover: 90%

Herb layer:

Height: -0.3 m Cover: 10%

Remarks: nucleus tree not clear, tree cutting Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Canthium lactescens 1

Camssa eduis 1

Coffea eugenioides 1

Grewiatnchocarpa 2(3)

Psychotna kiriat var mucronata 1

Rhus natalensis 2

Tecfea nobis 2

Tnumfetta cordrfoia +

Vanguena apcurata 1

64 +

Lianas

Ancybbotns amoena +

Cappans erythrocarpos 1

Qssus quadrangulans 1

Cyphostemma adenocaufe +

Others

Asparagus racemosa +

Asystasia gangetica 1

Woody plants

Afephytus macrobotrys +

Dioscorea sp.1 +

Erythrococca bongensis +

Eucfea schimpen +

Lianas

Cappans erythrocarpos 1

Jasminum schimperi 1

Others

Asystasia gangetica 1

Graminae
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Author: Urs Bloesch Location: Mwendo Survey: 5 M.T Date: 10.5.1998

Elevation: 1400 m a.s.l Landform: slope Aspect: 135° Slope: 30%

Surface thicket clump: 180 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: 0.4- 7 m Cover: 80%

Herb layer:

Height: -0.4 m Cover: 15%

Remarks: nucleus tree not clear, tree cutting Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Canthium lactescens +

Camssa eduis 1

Coffea eugenioides 1

Fbcourtia indica 1

Grewia simiis 1

Grewia tnchocarpa 2

Hapbcoelum gallaense +

Osyrus lanceorata 1

Rhus natalensis 2

Vanguena apculata 1

Lianas

Ancybbotrys amoena 3

Cappans erythrocarpos 1

Qssus quadrangulans +

Strychnos lucens 1

"bane 1" +

Others

Asystasia gangetica 1

Tapinanthus sp. 1

Woody plants

Abphytus macrobotrys +

Hapbcoelum galaense +

Lianas

Ancylobotrys amoena 1

Cappans erythrocarpos 1

Cyphostemma adenocaule +

Jasminum schimpen 1

Others

Asystasia gangetica 1

Fuerstia africana 1

Graminae

Seteria kagerensis 1

Others

Commelina africana var. villosa +
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Author: Urs Bloesch Location: Mwendo Survey: 6 M.T Date: 10.5.1998

Elevation: 1390 m a.s.l Landform: slope Aspect: 135° Slope: 35%

Surface thicket clump: 100 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°14'40 S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: 0.2-4.5 m Cover: 85%

Herb layer:

Height: -0.2 m Cover: 5%

Remarks: nucleus tree not clear, tree cutting Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthra schimpen 2 Afephykis macrobotrys +

Canthium schimperanum 1 Coffea eugenioides +

Canssa eduis 1

Commiphora madacascanensis 1

Erythnxocca bongensis 1 Lianas

Extea schimpen + Cappans erythrocarpos +

Ffecourta indica + Cissus quadrangulans +

Grewia tnchocarpa 3 Crassocephalum sarcobasis +

Hapbcoelum galaense 1 Dioscorea sp.2 1

Maytenus arguta +

Osyrus lanceolata 1(2)

Rhus natalensis + Others

Teclea nobis 2 Achyranthes aspera +

Vanguena apcufata + Asystasia gangetica

Crabbea velutjna

Triumfetta cordrfolia

1

+

+

Lianas

Qssus quadrangulans 1

Jasminum schimpen 1

Others

Asystasia gangetica 1

Crassocephalum sarcobasis 1

72 +
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Author: Urs Bloesch Location: Karama Survey: 1 K.T Date: 6.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: 300 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°16'20" S/ 30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: -11.5 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.7 m Cover: 10%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus tree: Olea europea var. africana
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acokanthera schimpen 1

Allophylus macrobotrys 1

Canthium lactescens 1(2)

Canssa edulis 1

Commiphora madacascanensis +

Erythrococca bongensis 1

Euphorbia candelabrum 2

Grewia similis 2

Grewia tnchocarpa 2

Haplocoelum gallaense 2

Lannea stuhlmannu 1

Olea europea var afncana 3

Psyhotna kiriai var mucronata 1

Rhus natalensis 2

Scuta myrtina 2

Teclea nobilis 1

Lianas

Asparagus falcatus +

Casus quadrangulans +

Jasminum schimpen 1

Woody plants

Achyranthes aspera 2

Erythrococca bongensis +

Euclea schimpen +

Haplocoelum gallaense +

Scuba myrhna +

Vanguena infausta +

Lianas

Jasminum schimpen +

Lianas

Asparagus falcatus 1
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Author: Urs Bloesch Location: Karama Survey: 2 K.T Date: 6.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: 200 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°16'20" S/ 30o16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: -9 m Cover: 70%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.8 m Cover: 30%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus tree: Grewia trichocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii Acokanthera schimperi 1 Setaria kagerensis 2

Acokanthera schimperi Allophyllus macrobotris +

Allophylus macrobotrys Erythrococca bongensis 1

Boscia angustifolia var. corymbosa Jasminum schimperi 1

Canthium lactescens Psychotna kirkii var. mucronata 1

Commiphora madagascariensis + Teclea nobilis +

Erythrococca bongensis +

Euphorbia candelabrum +

Grewia trichocarpa 3 Others

Haplocoelum gallaense + Crabbea velutina 1

Lannea stuhlmannii 3 Fuerstia africana 1

Lantana camera 1

Psychotna kirkii var. mucronata +

Rhus natalensis 1(2)

Scutia myrtina +

Teclea nobilis 1(2)

Lianas

Ciccus quadrangulans +

Cyphostemma adenocaule +

Jasminum schimperi +

"KK Liane" +

Others

Crassocephabm sarcobasis +

B35



Author: Urs Bloesch Location: Karama Survey: 3 KT Date: 6.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 0° Slope: 2%

Surface thicket clump: 200 m2 Size of relevé: 5 x 5 m Co-ordinates: 2°16'20" S/ 30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: 1.2 -9 m Cover: 85%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.2 m Cover: 50%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus trees: Olea europea var. africana, Grewia trichocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plante
Acacia hockii 2

Allophalus macrobotrys 1

Boscia angustifolia var. corymbosa 2

Canthium lactescens 1

Carissa edulis 1

Commiphora madacascariensis 2

Dichrostachys cinerea 1

Euclea schimperi 1

Grewia trichocarapa 1(2)

Lannea stuhimannii 2

Olea europea var. africana 2

Rhus natalensis 3

Scutia myrtina 1(2)

Lianas

Capparis erythrocarpos 2

Cissus quadrangulans 1

Cyphostemma adenocaule 1

Jasminum schimperi 2

Sacrostemma viminale 1

"KK Liane" 1

Woody plants

Allophalus macrobotrys +

Canthium lactescens +

Erythrococca bongensis 1

Pappea capensis +

Scutia myrtina +

Lianas

Jasminum schimpen 1

Others

Achyranthes aspera +

Asystasia gangetica 2

Fuerstia africana 2

Graminae

Setaria kagerensis 3

Others

Aneilema spekei +
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Author: Urs Bloesch Location: Karama Survey: 4 K.T Date: 6.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 0° Slope: 2%

Surface thicket clump: 120 m2 Size of relevé: 4 x 5 m Co-ordinates: 2°16,20" S/ 30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: 0.5-10 m Cover: 85%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 15%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus trees: Euphorbia candelabrum, Grewia trichocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acokanthera schimperi 1(2) Acokanthera schimperi 1 Setaria kagerensis 1

Allophalus macrobotrys 1 Euclea schimperi +

Canthium lactescens + Grewia similis +

Capparis erythrocarpos + Haplocoelum gallaense 1

Dichrostachys cinerea + Psychotna kirkii var. mucronata +

Erythrococca bongensis +

Euclea schimperi 1

Euphorbia candelabrum 3 Lianas

Grewia similis 2 Jasminum schimpen 1

Grewia trichocarpa 3 Sacrostemma viminale +

Haplocoelum gallaense +

Pappea capensis +

Rhus natalensis 1 Others

Scutia myrtina 1(2) Asystasia gangetica 2

Teclea nobilis 1 Crabbea velutina +

Ximema caffra + Fuerstia africana +

UU +

Lianas

Asparagus falcatus +

Cissus quadrangulans +

Jasminum schimperi 2

Sacrostemma viminale +

"KK Liane" +
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Author: Urs Bloesch Location: Karama Survey: 5 K.T Date: 6.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: 100 m2 Size of relevé: 4 x 4 m Co-ordinates: 2°16'20" S/ 30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: 0.8-10 m Cover: 75%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.8 m Cover: 25%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus trees: Pappea capensis, Olea europea var. africana
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Lianas

Acokanthera schimpen 1 Allophylus macrobotrys + Asparagus falcatus 1

Allophylus macrobotrys + Erythrococca bongensis 1

Asystasia gangetica + Euclea schimpen +

Boscia angustifolia var corymbosa + Euphorbia candelabrum 1

Canthium lactescens + Flacourta indica +

Canssa edulis + Haplocoelum gallaense 1

Euclea schimperi + Olea europea var afncana +

Euphorbia candelabrum + Teclea nobilis 1

Grewia similis 1

Grewia tnchocarpa 2

Haplocoelum gallaense 1 Lianas

Microglossa pynfolia + Cissus quadrangulans 1

Olea europea var afncana 3 Dioscorea sp 1

Osyrus lanceolate 1 Jasminum schimpen 1

Pappea capensis 3 Sacrostemma viminale 1

Psychotna kirkii var mucronata +

Rhus natalensis +

Scuba myrtina 1 Others

Teclea nobilis + Asystasia gangetica

Fuersna afncana

2

2

Lianas

Asparagus fabatus

Cappans erythrocarpos

Qssus quadrangulans

Jasminum schimperi

Sacrostemma viminle

Strychnos lucens

KK bane" 3
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Author: Urs Bloesch Location: Karama Survey: 6 K.T Date: 6.5.1998

Elevation: 1380 m a.s.l Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: 120 m2 Size of relevé: 4 x 4 m Co-ordinates: 2°16'20" S/ 30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: 0.8-6.5 m Cover: 80%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.8 m Cover: 25%

Remarks: shrub and tree layer not separated; herb layer from transect;

nucleus tree: Grewia tnchocarpa
Community: Thicket clump

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Lianas

Acacia hockii + Acokanthera schimperi + Asparagus falcatus +

Albizia adianthifolia 1 Allophylus macrobotrys +

Canthium lactescens 1(2) Erythrococca bogensis +

Canthium schimperanum + Haplocoelum gallaense 1 Others

Canssa edulis 1 Psychotna kirkii var mucronata + Sanseviena parva 1(2)

Erythnna abyssinica 1 Tnumfetta cordifblia 1

Euclea schimpen +

Euphorbia candelabrum 1

Flacourba indica 1 Lianas

Grewia similis 1(2) Cappans erythrocarpos +

Grewia tnchocarpa 3 Cyphostemma adenocaule 1

Haplocoelum gallaense 2 Jasminum schimpen 1

Olea europea var afncana 2(3) Sacrostemma viminale 1

Osyrus lanceolate 1

Pappea capensis 1

Psychotna kirkn var mucronata 1 Others

Rhus natalensis 1 Aneilema spekei +

Scuba myrtina 2 Asystasia gangetica 1

Teclea nobilis 1 Crabbea velutina

Fuersba afncana

TT

+

2

+

Lianas ZZ +

Asparagus fabatus +

Cappans erythrocarpos 1

Cissus quadrangulans +

Cyphostemma adenocaule 1

Sacrostemma vrniinafe 1

"KK bane" 3
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Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 1 LHS Date: 30.8.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 270° Slope: 10%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.2 m Cover: 98%

Remarks: shrub layer included in tree layer, 50 x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Maytenus heterophylla 1

Rhus natabnsis 1

Woody plants

Dichrostachys cinerea +

Maytenus heterophyfe 1

Rhynchosia resinosa 1

Others

Asystasia gangetica 1

Bidens grantii 1(2)

Blephans maderaspatensis subsp rubtifola 1

Emiia caespitosa +

Fueretja africana 1

Vernonia schweinfurthii +

Graminae

Brachiana decumbens 5

Hyparrhenia sp +

Panicum maximum 1

Sporobolus pyramidais 1

Themeda tnandra 1

Others

Anthencum cameronn +

Asparagus frageltans +

C 1



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 2 L.HS Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 280° Slope: 10%

Surface thicket clump: Size of relevé: 7 x 7 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.6 m Cover: 95%

Remarks: shrub layer included in tree layer, 50 x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Maytenus heterophylla 1

Rhus natafensis 1

Woody plants

Dichrostachys cinerea 1

Maytenus heterophylla 1

Rhynchosia resinosa 1

Others

Asystasia gangetica +

Bidens grant» 1

Emiia caespitosa 1

Fuersla afncana 1

Rueia pâtura 1

Tephrosia nana +

Vigna frutescens subsp frutescens +

L21 +

Graminae

Brachiana decumbens 4

Panicum maximum 1(2)

SpoFobobs pyramidais 1

Themeda tnandra 2

Cyperaceae

Bubostyis boeckelenana 1

Fimbnstyis compranata 1

Others

Anthencum cameronn +

Asparagus flagebis 1

Asparagus racemosus +

Commeina africana var vilbsa 1

C2



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 3 L.HS Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 290° Slope: 9%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.7 m Cover: 97%

Remarks: shrub layer included in tree layer, 50 x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Maytenus heterophylla 1

Rhus natalensis 1

Woody plants
Acacia siebenana var kagerensis +

Dichrostachys cinerea +

Rhynchosia resinosa 1

Others

Asystasia gangetica +

Bidens grantii 1

Emiia caespitosa +

Fabaceae 1

Fuersla afncana +

Ruelia pâtura +

Sda cordifoia +

Zomia setosa subsp obovata +

Graminae

Brachiana decumbens 4

Hyparrhenia sp 1(2)

Panicum maximum 1

Sporobolus pyramidais 1

Themeda tnandra 2

Others

Anthencum cameronn +

Asparagus flagelans +

Commeina afncana var vibsa +

Hypoxis obtusa +

C3



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 4 LHS Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 295° Slope: 8%

Surface thicket clump: Size of relevé: 7.5 x 7.5 m Co-ordinates: 0°37,58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: -2.1 m Cover: 2%

Herb layer:

Height: -1.2 m Cover: 95%

Remarks: shrub layer included in tree layer, 50 x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia siebenana var kagerensis 1

Maytenus heterophylla 1

Rhus natalensis 1

Woody plants

Dichrostachys cinerea 1

Rhynchosia resinosa 1

Others

Asystasia gangetica +

Bidens granti 1

Emiia caespitosa 1

Indigofera arrecta +

Spermacoce pusfra +

Vernonia schweinfurthii 1

L14 1

L22 +

Graminae

Brachiana decumbens 4(5)

Cynodon dactybn +

Hypanhenia sp 1(2)

Sporobobs pyramidais 1

Themeda tnandra 2

Cyperaceae

Bubostyis boeckelenana +

Others

Asparagus flageHans +

C4



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 5 LHS Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 300° Slope: 10%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.7 m(Bid.) Cover: 98%

Remarks: shrub layer included in tree layer, 50x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia siebenana var. kagerensis 1

Maytenus heterophylla 1

Rhus natalensis 1

Woody plants

Rhynchosia resinosa +

Others

Asystasia gangetica +

Bidens grant» 1(2)

Conyza fbnbunda +

Crotalana brewdens +

Emiia caespitosa 1

Fuerstia afncana 1

Indigofera arrecta +

Rhynchosia obovata +

Sda cordifoia +

L14 1

Lianas

Abus canescens +

Graminae

Brachiana decumbens 3(4)

Hyparrtienia sp 1(2)

Sporobolus pyramidais 1

Themeda tnandra 2(3)

Cyperaceae

Bubostyis boeckefenana +

Fimbnstyis complanata 1

Others

Asparagus flagellans +

C5



Author: Daniel Berner

& Urs Bloesch
Location: Lake Mburo Survey: 6 L.HS Date: 11.9.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 90° Slope: 7%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 0°37'58" S/30°58'05" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -7 m Cover: 8%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.4 m Cover: 90%

Remarks: shrub layer included in tree layer, 50 x 50 m, 35% of the area

covered by thicket clumps
Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Maytenus heterophylla 1

Rhus natalensis 1

Woody plants
Canthium schimperanum 1

Rhynchosia resinosa 1

Others

Asystasia gangetica 1

Brephans maderaspatensis subsp rubifofa 1

Dischonste radicans +

Emiia caespitosa +

Fuerstia afncana 2

Spermacoce pusite +

Graminae

Brachiana decumbens 4(5)

Sporobobs pyramidais 1

Themeda tnandra 1(2)

Cyperaceae

Fimbnstyis complanata 1

Others

Asparagus racemosa +

Commeia afncana var vifesa +

C6



Author: Daniel Berner

& Urs Bloesch
Location: Lake Mburo Survey: 1 LPS Date: 29.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: 2500 m2 Size of relevé: 8 x 8 m Co-ordinates: 0°35'45" S/30°55'57" E

Petrography: Soil texture: Soil type: vertic Planosol ?

Tree layer:

Height: -7 m Cover: 20%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.5 m (-2 m) Cover: 98%

Remarks: shrub layer included in tree layer, 50 x 50 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia gerrardii 2

Woody plants

Others

Enosema parvifbrum +

Leucas martnicensis +

Solanum incanum 1

Graminae

Brachiana decumbens 3(4)

Cynodon dactybn 2

Sporobobs pyramidais 2(3)

Themeda tnandra 1

Others

Anthencum cameronn +

C7



Author: Daniel Bemer

& Urs Bloesch
Location: Lake Mburo Survey: 2 LPS Date: 30.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 0°36'26" S/30°57'59" E

Petrography: Soil texture: Soil type: vertic Planosol ?

Tree layer:

Height: Cover:

Shrub layer:

Height: -4 m Cover: 3%

Herb layer:

Height: -1.2 m Cover: 98%

Remarks: shrub layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Woody plants

Dichrostachys cinerea 1

Others

Achyranthes aspera 1

Brassicacae +

Diciptera rogersii +

Emila caespitosa 1

Hygrophib auncurata 1

Oldenlandia herbacea var herbacea +

"Comp L" 1

Graminae

Brachiana bovonei 1

Cynodon dactybn 3

Digitana pearsonii 1

Eragrostis exasperata +

Panicum massaiense 1

Setana sphacelata var sphacelata 2

Sporobobs pyramidais 3

Themeda tnandra 1

Cyperaceae

Fimbnstyis complanata 1

C8



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 1 Ki.PST Date: 14.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'25" S/31°13'40" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m Cover: 5%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.3 m Cover: 92%

Remarks: shrub layer included in tree layer; shrub/tree layer 60 x 60 m
Community: Grass savanna

(Themeda triandra type)

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Gardenia temrfoia subsp

jovis-tonantis var goetzei 1

Grewia trichocarpa +

Lannea schimpen +

Rhus natalensis 1

Woody plants

Others

Cassia mimosades +

Conyza hochstetten +

Eriosema parvrfbrum +

Hibiscus cannabnus 1

Spermacoce pusirra 1

Vernonia schweinfurthii 2

19

Graminae

Andropogon canaiculatus 1

Chbns wgata 1

Digitana pearsonii 1

Eionurus muticus +

Eragrostis tenurfoia 1

Hyparrhenia fiipendula 2

Hypertheia dissobta 2

Loudetia simplex 2

Paspabm notatum 2

Setana sphacelata var aurea 1

Sporobolus pyramidais 2

Themeda tnandra 2(3)

Cyperaceen

Fimbnstyis complanata 2

Selena distans var distans +

Selena unguicubta +

Others

Commeina afncana var vilbsa 1

C9



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 2 Ki.PST Date: 21.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'27" S/31°13'41" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m Cover: 5%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.8 m Cover: 80%

Remarks: shrub layer included in tree layer; shrub/tree layer 60 x 60 m;

plant species from transect

Community: Grass savanna

(Themeda triandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia siebenana var kagerensis 1

Gardenia temrfoia subsp

jovis-tonantis var. goetzei 1

Grewia trichocarpa +

Lannea schimpen +

Rhus natalensis 1

Woody plants

Carissa edulis 1

Lianas

Jasminum fluminense +

Others

Erniia caespitosa 1

Vernonia schweinfurthii 1

Graminae

Brachiana |ubata +

Digitana pearsomi 2

Eragrostis tenuifoia 1

Hypanhenia fiipendub 2

Loudetia kagerensis 1

Loudetia simplex 2

Paspabm notatum 1

Sporobobs pyramidais 1

Themeda tnandra 3

Cyperaceae

Fimbnstyis complanata 1

Others

Chbrophytum gaBabatense +

Kyllinga elau'or +

Selena unguiculata 2

C 10



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 3 Ki.PST Date: 21.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'27" S/31°13'41" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m Cover: 5%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.2 m Cover: 95%

Remarks: shrub layer included in tree layer; shrub/tree layer 60 x 60 m
Community: Grass savanna

(Themeda triandra type)

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Gardenia ternrfoia subsp

jovis-tonantis var goetzei 1

Grewia trichocarpa +

Lannea schimpen +

Rhus natalensis 1

Woody plants
Acacia siebenana var kagerensis +

Others

Diclptera rogersn 1

Dyschonste radcans +

Ruefa patub +

Vernonia schweinfurthii 1

Lianas

Abus canescens +

Graminae

Andropogon canaiculatus 1

Brachiana jubata 1

Digitana pearsonii 2

Eragrostis exasperata 1

Hyparrhenia fifpendula 1

Loudetia simpfex 3

Paspabm notatum 1

Sporobobs pyramidais 2

Themeda tnandra 3

Cyperaceae

Fimbnstyis compranata 2(3)

Selena unguicutata 1

C11



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.PST Date: 22.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'29" S/31°13'47" E

Petrography: Soil texture: Soil type: vertic Planasol

Tree layer:

Height: -4 m Cover: 2%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.4 m Cover: 97%

Remarks: shrub layer included in tree layer; shrub/tree layer 50 x 100 m
Community: Grass savanna

(Themeda triandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Dichrostachys cinerea +

Euphorba candelabrum +

Ficus glumosa +

Gardenia ternrfolia subsp.

jovis-tonantis var. goetzei +

Rhus natalensis 1

Woody plants

Others

Anisopappus afncanus +

Diciptera rogersii +

Emiia caespitosa +

Inula gbmerata +

Ruelia patub +

Spermacocce pusiHa 1

Tnumfetta rhombotdea +

Vernonia schweinfurthii 1

Graminae

Andropogon canaiculatus 2(3)

Digitana pearsonii 2

Eragrostis tenuifoia 1

Loudetia simptex 2(3)

Paspabm notatum 1

Sporobobs pyramidais 2

Themeda tnandra 2(3)

Cyperaceae

Cyperus distans +

Fimbnstyis compranata 2

Kylinga elatior 1

C 12



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 5 Ki.PST Date: 6.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'31" S/31°13'48" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -4 m Cover: 2%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.9 m Cover: 97%

Remarks: shmb layer included in tree layer; shrub/tree layer 50 x 100 m
Community: Grass savanna

(Themeda triandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Dichrostachys cinerea +

Euphorba candelabrum +

Ficus glumosa +

Gardenia ternifolia subsp.

jovis-tonantis var. goetzei +

Rhus nataensis 1

Woody plants

Others

Anisopappus afncanus +

Diciptera rogerai +

Vernonia schweinfurthii +

Graminae

Andropogon canaiculatus 2

Digitana pearsonii 1

Hyparrhenia fiipenduö 1

Loudetia simplex 2

Paspabm notatum 1

Sporobobs pyramidais 1

Themeda tnandra 2

Cyperaceae

Fimbnstyis complanata 2

C 13



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 6 Ki.PST Date: 7.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27' 30" S/31°13'49" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -4 m Cover: 2%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1 m Cover: 97%

Remarks: shrub layer included in tree layer; shrub/tree layer 50 x 100 m
Community: Grass savanna

(Themeda triandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Dichrostachys cinerea +

Euphorbia candelabrum +

Ficus glumosa +

Gardenia temifolia subsp.

jovis-tonantis var. goetzei +

Rhus natabnsis 1

Woody plants

Others

Vernonia schweinfurthii 1

232 +

Graminae

Andropogon canaiculatus 1(2)

Digitana pearsonii 2

Eragrostis tenuifofa +

Hyparrhenia fiipendula 2

Loudetia simplex 2(3)

Paspabm notatum +

Sporobobs pyramidais 1

Themeda tnandra 3

Cyperaceae

fimbnstyis complanata 2

Kylinga elatior 1

Selena unguiculata 1

Cyp7 +

C14



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 1 Ki.PSH Date: 15./16.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°27'25" S/31°13'40" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m Cover: 5%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.5 m Cover: 98%

Remarks: shmb layer included in tree layer; shmb/tree layer 60 x 60 m
Community: Grass savanna

(Hyparrhenia diplandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia siebenana var kagerensis 1 Clausena anisata + Brachiana feersmdes 1

Gardenia temrfoia subsp Combretum mole + Cymbopogon nardus 1(2)

jovis-tonantis var. goetzei 1 Microglossa pynfoia + Hyparrhenia dichroa 1(2)

Grewia tnchocarpa + Rhus natafensis + Hyparrhenia diplandra 5

Lannea schimpen + Leersia hexandra 2

Rhus natalensis 1 Loudetia kagerensis 1

Others Miscanthus violaceus 1(2)

Ageratum conyzoides 1 Paspabm notatum +

Amaranthus cruentus + Sertana sphacelata var aurea 1

Aneibma spekei 1

Anisopappus afncanus 1(2)

Aspiia pbnseta +

Asystasia gangetica 1(2) Cyperaceae

Diciptera rogersii 1 Rmbnstyis complanata 1

Emila caespitosa + Kyinga eratior 1

Hibiscus cannabinus + Selena unguicubta 1

Hygrophila auncubta 1

Leucas defbxa 1

Oldenlandia herbacea var herbacea 1 Others

Sda acuta 1 Commeina afncana var vilbsa 1

Spilanthes mauntiana +

Vernonia schweinfurthii +

27/"Kraut violett" 2

37 (Compositeae) 1

Lianas

Abus canescens +

"Liane 1" 1

C 15



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 2 Ki.PSH Date: 21.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 7 x 7 m Co-ordinates: 1°27'27" S/31°13'41" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m | Cover: 5%
Shrub layer:

Height: Cover:

Herb layer:

Height: -1.5 m Cover: 98%

Remarks: shmb layer included in tree layer; shmb/tree layer 60 x 60 m;

plant species from transect

Community: Grass savanna

(Hyparrhenia diplandra type)

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Gardenia temrfoia subsp

jovis-tonantis var. goetzei 1

Grewia tnchocarpa +

Lannea schimperi +

Rhus natalensis 1

Woody plants
Abizia petersiana +

Others

Ageratum conyzades 1

OUenlandie herbacea var herbacea +

Sda cordifoia 1

Vernonia schweinfurthii 1

Graminae

Cymbopogon nardus 1

Cynodon dactybn 2

Hyparrbenia diplandra 2

Loudetia kagerensis 1

Miscanthus violaceus 2(3)

Cyperaceae

Fimbnstyis complanata 1

Kyinga eratjor 1

Others

Commeina afncana var vitosa +

C 16



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 3 Ki.PSH Date: 21.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 7 x 7 m Co-ordinates: 1°27'27" S/31013'41" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -9 m | Cover: 5%
Shrub layer:

Height: Cover:

Herb layer:

Height: -2 m Cover: 98%

Remarks: shmb layer included in tree layer; shmb/tree layer 60 x 60 m
Community: Grass savanna

(Hyparrhenia diplandra type)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia siebenana var kagerensis 1

Gardenia temifoia subsp

jovis-tonantis var. goetzei 1

Grewia trichocarpa +

Lannea schimpen +

Rhus natalensis 1

Woody plants
Cassia mimosoides 1

Others

Ageratum conyzades 1

Conyza sumatrensis +

Hibiscus cannabnus +

Obentendie herbacea var herbacea 1

K4 "Kombbme" +

"Minze" +

27 "Kraut violett" 1

37 (Compostae) 1

Lianas

"Liane" 1 1

Graminae

Cymbopogon nardus 1

Hyparrhenia diplandra 3(4)

Hyparrhenia fiipendura 1

Hyparrhenia newtonii 1(2)

Leereia hexandra 2

Loudetia kagerensis 1

Miscanthus vioraceus 2(3)

Paspabm notatum 1

Cyperaceae

Cyperus denudatus var bcenti-nigncans +

Cyperus distans +

Fimbnstyis compranata 2

Kylinga elatior 1

Selena unguiculata 2

Others

Aneifema spekei 1

C 17



Author: Daniel Berner

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.PSC Date: 22.7.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 4 x 4 m Co-ordinates: 1°27'29" S/31°13'47" E

Petrography: Soil texture: Soil type: vertic Planasol

Tree layer:

Height: -4 m Cover: 2%

Shrub layer:

Height: Cover:

Herb layer:

Height: -0.5 m Cover: 65%

Remarks: shrub layer included in tree layer; shmb/tree layer 50 x 100 m;

eroded termite mound?

Community: Grass savanna (Chloris

virgata type)

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Dichrostachys cinerea +

Euphorba candelabrum +

Ficus glumosa +

Gardenia ternifolia subsp.

jovis-tonantis var. goetzei +

Rhus natalensis 1

Woody plants

Others

Cebsia tngyna 1

Indigofera circmeHa +

Leucas martnicensis 1

Graminae

Chbns virgata 3

Digitana pearsonii 1

Eragrostis tenuifota 2

Eustachys paspabides 2

Paspabm notatum 1

Sporobobs pyramidais 1

C 18



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.PSt. Date: 7.8.1998

Elevation: 1410 m a.s.l Landform: plain Aspect: Slope: 0-2%

Surface thicket clump: Size of relevé: 6 x 6 m Co-ordinates: 1°27'29" S/31°13'47" E

Petrography: Soil texture: Soil type: vertic Planosol

Tree layer:

Height: -4 m Cover: 2%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.8 m Cover: 96%

Remarks: shmb layer included in tree layer; shmb/tree layer 50 x 100 m
Community: Grass savanna

(transition)

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Dichrostachys cinerea +

Euphorba candelabrum +

Ficus glumosa +

Gardenia temifolia subsp.

jovis-tonantis var. goetzei +

Rhus natalensis 1

Woody plants

Others

Inula gbmerata 1

Ruelia patula 1

Vernonia schweinfurthii +

Graminae

Brachiana decumbens 1

Cymbopogon nardus 2

Eragrostis exasperata +

Hyparrhenia diplandra 2

Loudetia kagerensis 2(3)

Loudetia simplex 1

Paspabm notatum 1

Setana sphacelata var sphacelata 2

Sporobobs pyramidais +

Themeda tnandra 2

Cyperaceae

Cyperus distans 1

Fimbnstyis comptenata 1(2)

Kylfnga elatior +

Selena unguicubta 1

Cyp 6 +

C 19



Author: Urs Bloesch Location: Kikulula Survey: 1 Ki. HS Date: 26.5.1998

Elevation: 1230 m a.s.l Landform: slope Aspect: 270° Slope: 45%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'50" S/31°12'30" E

Petrography:
Soil texture: 75% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: Cover:

Shrub layer:

Height: -5(6) m Cover: 5%

Herb layer:

Height: -1.8 m Cover: 95%

Remarks: shmb layer 50 x 50 m, plant species from transect Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Combretum colnum 1

Combretum mote 1

Dabergia nitidula 1

Pappea capensis 1

Rhus natalensis +

Woody plants

Rynchosia resmosa 1

Lianas

"KK Liane" +

Others

Enosema parviflorum +

Evolvulus alsmoides +

Monechma subsessile +

Ruellia patula +

Spermacoce pusilla +

Tephrosia linearis +

"Echihoko kidogo" +

Graminae

Ctenium newtonii 1

Hyparrhenia newtonii 3

Loudetia simplex 3

Sporobolus stapfianus +

C20



Author: Urs Bloesch Location: Kikulula Survey: 2 Ki. HS Date: 26.5.1998

Elevation: 1240 m a.s.l Landform: slope Aspect: 70% Slope: 60%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'50" S/31°12'30" E

Petrography:
Soil texture: 75% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: Cover:

Shrub layer:

Height:-4 m Cover: 5-10%

Herb layer:

Height: -1.8 m Cover: 75%

Remarks: shmb layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Abzia antunesiana +

Combretum coHnum +

Dabergia nitidula +

Pannana curatellfoia +

Woody plants

Others

Spermacoce pusilla 1

Vernonia schweinfurthii 1

"Echihoko kidogo" 1

30 +

33 1

Lianas

Abrus canescens 1

Graminae

Hyparrhenia newtonii 3

Loudetia simplex 3
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Author: Urs Bloesch Location: Kikulula Survey: 3 Ki.HS Date: 26.5.1998

Elevation: 1240 m a.s.l Landform: slope Aspect: 225° Slope: 40%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'40" S/31°12'30" E

Petrography:
Soil texture: 70% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: Cover:

Shrub layer:

Height: -4 m Cover: 5%

Herb layer:

Height: -2 m Cover: 90%

Remarks: Shmb layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones
Monocotyledones

Woody plants

Acacta siebenanavar kagerensis +

Pappea capensis +

Rhus natalensis +

Woody plants

Acokanthera schimperi +

Lianas

Blephanspermum pupescens +

Others

Dyschonste radicans 1

Indigofera arrecta +

Ruellia patula 1

Vernonia schweinfurthii 1

30 1

Graminae

Ctenium newtonii 1

Cyanotis cf arachnoïdes 1

Hyparrhenia newtonii 3

Loudetia simplex 3

Sporobolus pyramidalis 1

Sporobolus stapfianus +

"Manscus sp 2" +

C22



Author: Daniel Berner

& Urs Bloesch
Location: Kikulula Survey: 4 Ki.HS Date: 23.7.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 50° Slope: 45%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'27" S/31°13,54" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -6(8) m Cover: 25%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.2m Cover: 96%

Remarks: shmb layer included in tree layer; shmb/tree layer 50 x 80 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Combretum collnum 2

Combretum molfe 2

Dabergia nitdula 1

Ozoroa reteuiata 1

Protea madiensis 1

Rhus natatensis 1

Terminaia mofs 2

110 1

Woody plants

Indigofera garckeana +

Pannan curatelifoia +

Rhynchosia resinosa +

81 +

Others

Aspiia pbnseta 1

Enosema shirense 1

Rhynchosia toffa +

Vernonia purpurea +

82 1

84 +

Graminae

Hyparrhenia newtoni 1(2)

Loudetia simplex 5

83 1
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Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 5 Ki.HS Date: 23.7.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 30° Slope: 35%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'26" S/31°13'56" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -6(8) m Cover: 25%

Shrub layer:

Height: Cover:

Herb layer:

Height: -1.9 m Cover: 95%

Remarks: shmb layer included in tree layer; shmb/tree layer 50 x 80 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Combretum colnum 2

Combretum mote 2

Dabergia nitidula 1

Ozoroa reticulata 1

Protea madiensis 1

Rhus natalensis 1

Terminaia mofs 2

110 1

Woody plants
Combretum colnum +

Protea madiensis +

Others

Aspiia pbnseta 2

Enosema parvrfbrum +

Enosema shirense 1

Vigna frutescens subsp frutescens 1

82 1

95 +

Lianas

Blephanspermum pubescens +

Graminae

Brachiana bnzantha +

Hyparrhenia newtoni 2

Loudetia simplex 5

83 1

C24



Author: Daniel Bemer

& Urs Bloesch
Location: Kikulula Survey: 6 Ki.HS Date: 24.7.1998

Elevation: 1410 m a.s.l Landform: steep slope Aspect: 25° Slope: 45%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°28'30" S/31°13'55" E

Petrography: Soil texture: Soil type: Leptosol

Tree layer:

Height: -6(8) m Cover: 25%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.2 m Cover: 94%

Remarks: shmb layer included in tree layer; shmb/tree layer 50 x 80 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Combretum colnum 2

Combretum mote 2

Dabergia nitidufe 1

Ozoroa reticulata 1

Protea madiensis 1

Rhus natatensis 1

Terminaia mois 2

110 1

Woody plants

Hapbcoebm gallaense +

Others

Aspiia pbnseta 1

Cassia mimosoides +

Enosema parvifbrum 1

Enosema shirense +

Rhynchosia toffa +

Ruelia patub +

Tephrosia ineans +

Vernonia schweinfurthii +

82 1

101 +

Graminae

Hypanhenia newton» 2

Loudetia simplex 5
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Author: Urs Bloesch Location: Kimisi Survey: 1 Kim.HS Date: 22.5.1998

Elevation: 1500 m a.s.l Landform: slope Aspect: 3309 Slope: 18%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°56'20" S/31°06'40" E

Petrography:
Soil texture: 65% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: -7 m Cover: 5-10%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2 m Cover: 70%

Remarks: Shmb layer included in tree layer, 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Combretum colnum +

Combretum mote 1

Maytenus senegatensis +

Pappea capensis 1

Pannan curatelifoia 1

Rawsonia ucida +

Woody plants

Ziziphus mucronata +

Lianas

Rhynchosia toffa +

"KK Liane" +

Others

Bidens grantii +

Conyza hochstetten 1

Conyze sumatrensis 1

Enosema shirense +

Oldenlandia herbacea var herbacea +

Ruellia patula +

Spermacoce pusilla 1

Stnga asiatica +

Tephrosia lineans +

Vernonia schweinfurthii 2

"Echihoko kidogo" 1

1 1

Graminae

Andropogon shirensis +

Hyparrhenia newtonii 3(4)

Loudetia simplex 2

Sporobolus pyramidalis 1

C26



Author: Urs Bloesch Location: Kimisi Survey: 2 Kim.HS Date: 22.5.1998

Elevation: 1500 m a.s.l Landform: slope Aspect: 3309 Slope: 26%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1°56'20" S/31°06'40" E

Petrography:
Soil texture: 65% of soil

matrix blocks
Soil type: Leptosol

Tree layer:

Height: -8 m Cover: 15%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2.2 m Cover: 80%

Remarks: Shrub layer included in tree layer, 50 x 50 m Community: Tree savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Combretum molte +

Hapbcoebm gallaense 1

Pappea capensis 1

Strychnos mnocua +

Woody plants

Others

Conyza hochstetten 1

Conyza sumatrensis 1

Leucas sp +

Oldenlandia herbacea var herbacea 1

Spermacoce pusilla 1

"Echihoko kidogo" 1

"Magugu" +

1 1

Graminae

Hyparrhenia newtonii 3

Loudetia simplex 3

C27



Author: Urs Bloesch Location: Kimisi Survey: 3 Kim.HS Date: 22.5.1998

Elevation: 1450 m a.s.l Landform: slope Aspect: 265s Slope: 60%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 1 °56'10" S/31 °07'20" E

Petrography:
Soil texture: 50% of soil

matrix rock
Soil type: Leptosol

Tree layer:

Height:-6 m Cover: 5-10%

Shrub layer:

Height: Cover:

Herb layer:

Height: -2 m Cover: 90%

Remarks: Shmb layer included in tree layer, 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia hockii +

Acacia Senegal +

Lannea fulva +

Pappea capensis 1

Woody plants

Dalbergia nitidula 1

Euclea schimpen +

Pappea capensis 1

Rhus natalensis +

Lianas

Thunbergia alata +

Others

Abutilon mauntianum +

Conyza hochstetetten +

Conyza sumatrensis +

Tephrosia linearis +

9 +

Graminae

Andropogon shirensis +

Hyparrhenia newtonii 4

Loudetia simplex 1 (2)

Sporobolus pyramidalis 1

Themeda tnandra 1

C28



Author: Urs Bloesch Location: Mwendo Survey: 1 MS Date: 10.5.1998

Elevation: 1400 m a.s.l Landform: slope Aspect: 135° Slope: 30%

Surface thicket clump: 200 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.3 m Cover: 85%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants

Others

Cassia mimosoides 1

Monechma subsessile +

Spermacoce pusilla 1

Vernonia schweinfurthii 1

Zornia setosa subsp obovata +

Graminae

Andropogon shirensis 3

Eragrostis racemosa +

Loudetia simplex 3

Sporobolus stapfianus +

Others

Cyanotas cf arachnoidea 1
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Author: Urs Bloesch Location: Mwendo Survey: 2 MS Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 100 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.2 m Cover: 60%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants

Others

Graminae

Andropogon shirensis

Eragrostis racemosa

Loudetia simplex

2

+

3

Cassia mimosoides Tragus berteronianus 1

Oldenlandia herbacea var herbacea

Spermacoce pusilla

Tephrosia nana

Vernonia schweinfurthii

Cyperacae

"Manscussp 1" +

Zornia setosa subsp obovata

Others

Cyanotis cf arachnoidea 1
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Author: Urs Bloesch Location: Mwendo Survey: 3 M.S Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 100 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.2 m Cover: 60%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants

Others

Cassia mimosoides 1

Indigofera arrecta 1

Oldenlandia herbacea var herbacea 1

Spermacoce pusilla +

Tephrosia nana 1 (2)

Graminae

Andropogon shirensis 2

Chloris virgata 1

Eragrostis racemosa 1

Loudetia simplex 3

Sporobolus stapfianus 1

Tragus berteronianus 1

Others

Cyanotis cf arachnoidea 1

C31



Author: Urs Bloesch Location: Mwendo Survey: 4 MS Date: 10.5.1998

Elevation: 1430 m a.s.l Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: 80 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.5 m Cover: 75%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants
Tnumfetta cordrfoia +

Others

Cassia mimosoides 1

Indigofera arrecta 2

Monechma subsessile 1

Oldenlandia herbacea var herbacea +

Spermacoce pusilla 1

Tephrosia nana +

Vernonia schweinfurthii 1

Zornia setosa subsp obovata +

"Ipomoea" 2

70 1

71 1

Graminae

Andropogon shirensis 3

Eragrostis racemosa 1

Loudetia simplex 3

Others

Cyanotis cf. arachnoidea 1

C32



Author: Urs Bloesch Location: Mwendo Survey: 5 M.S Date: 10.5.1998

Elevation: 1400 m a.s.l Landform: slope Aspect: 135° Slope: 30%

Surface thicket clump: 180 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.4 m Cover: 75%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants

Others

Cassia mimosoides 1

Spermacoce pusilla 1

Vernonia schweinfurthii +

Zomia serosa subsp obovata 1

Graminae

Andropogon shirensis 3

Eragrostis racemosa +

Loudetia simplex 3

Others

Cyanotis cf arachnoidea 1

C33



Author: Urs Bloesch Location: Mwendo Survey: 6 M.S Date: 10.5.1998

Elevation: 1390 m a.s.l Landform: slope Aspect: 135° Slope: 35%

Surface thicket clump: 100 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°14'40" S/ 30°15'50" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: - Cover: -

Shrub layer:

Height: - Cover: -

Herb layer:

Height: -1.4 m Cover: 70%

Remarks: Community: Grassland

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants

Others

Cassia mimosoides 1

Indigofera arrecta +

Oldenlandia herbacea var. herbacea +

Spermacoce pusilla 1

Tephrosia nana +

Vernonia schweinfurthii +

Zornia setosa subsp. obovata 1

Graminae

Andropogon shirensis 3

Eragrostis racemosa 1

Loudetia simplex 3

Sporobolus staphanus 1

Tragus berteronianus 1

Cyperaceae

"Mariscussp.1" +

Others

Cyanotis cf. arachnoidea 1

C34



Author: Urs Bloesch Location: Karama Survey: 1 K.G Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.6 m Cover: 95%

Remarks: herb layer from transect Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia hockii 1

Rhus natalensis 1

Woody plants

Others

Cassia mimosoides 1

Crabbea velutina 1

Indigofera arrecta 1

Indigofera m 1

Oldenlandia herbacea var herbacea 1

Rhynchosia sp 1

Spermacoce pusilla 1

Tephrosia nana +

Vernonia schweinfurthii 2

Zomia setosa subsp obovata 1

GG 1

Graminae

Andropogon shirensis 3

Brachiana jubata 1

Hyparrhenia filipendula 1

Loudetia simplex 2

Sporobolus pyramidalis 1

Others

Cyanotis cf arachnoidea 1

Chlorophytum blepharophyllum +
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Author: Urs Bloesch Location: Karama Survey: 2 KG Date: 7.5.1998

Elevation: 1380 m a.s.l Landform: hilltop Aspect: 0° Slope: 1%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.6 m Cover: 90%

Remarks: herb layer from transect Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia hockii 1

Rhus natalensis 1

Woody plants

Others

Cassia mimosoides 1

Indigofera circinella 1

Indigofera m. +

Oldenlandia herbacea var. herbacea 1

Rhynchosia sp. 1

Spermacoce pusilla 1

Zornia setosa subsp. obovata 1

"Crepis" +

II 1

Graminae

Chloris virgata 2

Eragrostis racemosa 1

Loudetia simplex 4

Tragus berteronianus 1

Cyperacae

"Manscus" 1

Others

Cyanotis cf. arachnoidea 1

C36



Author: Urs Bloesch Location: Karama Survey: 3 KG Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.9 m Cover: 90%

Remarks: shmb layer 50 x 50 m Community: Grass savanna

Tree /shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia hockii 1

Rhus natalensis 1

Woody plants

Others

Bidens grantu 1

Cassia mimosoides 1 (2)

Enosema shirense +

Indigofera circinella 1

Monechma subsessile +

Oldenlandia herbacea var herbacea 1

Rhynchosia sp +

Ruellia patuia 1

Spermacoce pusilla 1

Tephrosia linearis 1

Tephrosia nana 1 (2)

Vernonia schweinfurthii 2

"Pachycarpus" +

MM 1(2)

25 +

Graminae

Andropogon shirensis 3

Brachiana decumbens 1

Eragrostis racemosa +

Heteropogon contortus 2

Loudetia simplex 3

Cyperaceae

Bulbostylis boeckelenana +

Others

Cyanotis cf arachnoidea +

C37



Author: Urs Bloesch Location: Karama Survey: 4 K.G Date: 7.5.1998

Elevation: 1380 m a.s.l Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.7 m Cover: 90%

Remarks: shmb layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 1 Andropogon shirensis 2

Rhus natalensis 1 Eragrostis racemosa +

Others Loudetia simplex 3(4)

Bidens grantu 2 Sporobolus pyramidalis +

Cassia mimosoides 1

Enosema shirense +

Indigofera arrecta Others

Indigofera sp Aloe latentia 1

Monechma subsessile Cyanotis cf arachnoidea 1

Oldenlandia herbacea var herbacea

Spermacoce pusilla

Tephrosia lineans

Tephrosia nana 1(2)

Tragus berteronianus

Vernonia schweinfurthii 2

Zomiasetosa subsp obovata 1

"Crepis" +

25 +

26 +

Lianas

"KK Liane" 1

C38



Author: Urs Bloesch Location: Karama Survey: 5 KG Date: 7.5.1998

Elevation: 1380 m a.s.l Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.7 m Cover: 90%

Remarks: shmb layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 1 Andropogon shirensis 3

Rhus natalensis 1 Brachiana decumbens 2

Others Eragrostis racemosa +

Asystasia gangetica 1 Heteropogon contortus 1

Bidens grantu 1 Loudetia simplex 3

Blephans maderaspatensis subsp rubiifolia 1

Cassia mimosoides 1

Cyanotis cf arachnoidea 1

Enosema shirense +

Monechma subsessile 1

Oldenlandia herbacea var herbacea 1

Spermacoce pusilla 1

Tephrosia nana 1

Tragus berteronianus +

Vernonia perrottetii 1

Vernonia schweinfurthii 2

Zomia setosa subsp obovata 1

"Crepis" +

25 +

28 +

Lianas

"KK Liane" 1

C39



Author: Urs Bloesch Location: Karama Survey: 6 KG Date: 7.5.1998

Elevation: 1380 m a.s.l Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: -3 m Cover: 3%

Herb layer:

Height: -1.7 m Cover: 90%

Remarks: shmb layer 50 x 50 m Community: Grass savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 1 Brachiana decumbens 2

Rhus natalensis 1 Chloris virgata 1

Others Eragrostis racemosa +

Asystasia gangetica 1 Heteropogon contortus 1

Bidens grantu 1 Hyparhema filipendula 3

Blephans maderaspatensis subsp rubiifolia 1 Loudetia simplex 4

Cassia mimosoides 1 Sporobolus staphanus 1

Clons virgata 1

Crabbea velutaa 1

Indigofera arrecta +

Indigofera cicmella 2 Others

Monechma subsessile 1 Cyanotis cf arachnoidea 1

Oldenlandia herbacea var herbacea 1

Rhynchosia sp 1

Spermacoce pusilla 1

Spermacoce sp +

Tephrosia nana 1

Vernonia perrottetn 1

Vernonia schweinfurthii 2

Zormasetosa subsp obovata

II

1

S +

29 1

Lianas

"KK Liane" 1

C40



Author: Daniel Bemer

& Urs Bloesch
Location: Lusahunga Survey: 1 M Date: 17.8.1998

Elevation: 1410 m a.s.l Landform: hilltop Aspect: 5° Slope: 10%

Surface thicket clump: 1600 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°55'45" S/31°12'17" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -12 m Cover: 50%(pot.)

Shrub layer:

Height: -7 m Cover: 20%(pot.)

Herb layer:

Height: -2.2 m Cover: 50%

Remarks: potential canopy cover estimated Community: Miombo forest

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants
Jubemardia gbbrfbra 3

Monotes katangensis +

Shrub/tree layer

Woody plants
Anthocleista schweinfurthii 1

Antidesma membranaceum 1

Jubemardia gbbifbra 1

Monotes katangensis +

Pseudorachnostyis maprounerfoia 2

Strychnos spinosa +

Terminaia gteuscens +

Rubiaceae 1

Woody plants

Anthccteista schweinfurthii 1(2)

Jubemardia gbbifbra +

Rubiaceae 1(2)

Others

Bidens grantii 1

Cebsia etegantissima 1

Dipsacus sp 1

Gutenbergia cordifoia 1

Indigofera garckeana 1

Inula gbmerata 1

Pandiaka andongensis 2

Spermacoce pusila +

Tephrosia nana 1

Tephrosia sp +

"Lamiaceas" 1

M5 1

M6 1

M13 +

Graminae

Hyparrhenia newtonii 2

Loudetja arundinacea 2

Sporobobs midbraedii 1

"Fellgras" 2

D 1



Author: Daniel Bemer

& Urs Bloesch
Location: Lusahunga Survey: 2 M Date: 17.8.1998

Elevation: 1410 m a.s.l Landform: slope Aspect: 190° Slope: 35%

Surface thicket clump: 1600 m2 Size of relevé: 8 x 8 m Co-ordinates: 2°55'57" S/31°12'26" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -14 m Cover: 70%(pot.)

Shrub layer:

Height: -7 m Cover: 10%(pot.)

Herb layer:

Height: -2.2 m Cover: 65%

Remarks: potential canopy cover estimated Community: Miombo forest

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants
Jubemardia gbbifbra 4

Shrub/tree layer

Woody plants

Anthocbista schweinfurthii +

Antidesma venosum +

Combretum collnum +

Combretum hoist» 1

Pseudolachnostyis maprouneifola 1

Rubiaceae +

Strychnos innocua +

Vitex doniana +

M16 +

Woody plants
Anthocbista schweinfurthii +

Rubiaceae +

Strychnos 2 +

M20 +

Lianas

Abrus canescens +

"haange bane" 1

Others

Aspiia pbnseta 1

Bbmea aiata +

Hygrophib sprcrfonras 1

Indigofera garckeana 1

Inula gbmerata 1

Pandiaka andongensis 1

Tephrosia nana 1

Tephrosia sp +

"Lamiaceae" 1

MS 1

M6 1

Graminae

Brachiana bnzantha +

Digitana diagonals var diagonals +

Hyparrhenia newtonii 2

Loudetia arundinacea 2

Pennisetum umsetum +

Sporobolus midbraedii 1

D2



Author: Daniel Berner

& Urs Bloesch
Location: Lusahunga Survey: 3 M Date: 18.8.1998

Elevation: 1410 m a.s.l Landform: ridge Aspect: 160° Slope: 8%

Surface thicket clump: 1600 m2 Size of relevé: 8x8 m Co-ordinates: 2°53'35" S/31°ir29" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -14 m Cover: 65%

Shrub layer:

Height: -7 m Cover: 20%

Herb layer:

Height: -2.2 m Cover: 60%

Remarks: Community: Miombo forest

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants

Jubemardia gbbifbra 4

Monotes katangensis 1

Shrub/tree layer

Woody plants
Anthocbista schweinfurthii +

Bndela scferoneura 1

Combretum molle 1

Dabergia nitidula +

Eucba schimpen +

Jubemardia gbbifbra 1

Pannan curateifoia +

Pseudolachnostyis maprouneifola 1

Rhus natabnsis +

Vitex doniana 1

M21 1

Woody plants
Anthocbista schweinfurthii +

Jubemardia gbbifbra 1

Secunnega virosa 1

Vitex doniana 1

Others

Bidens grantii 2

Bbmea abta +

Cassia mimosoides 1

Gutenbergia cordifoia 1

Oldenlandia herbacea var herbacea 1

Pandiaka andongensis 1

Pandiaka welwitschu 1

Spermacoce pusilla 1

"Lamiaceae" +

M5 +

Graminae

Brachiana bnzantha +

Hyparrhenia newtonii 3

Loudetia arundinacea 2

Panicum massaiense +

Pennisetum unisetum 1

Sporobobs mikJbraedn +

"Pseudosporobobs" 1

Fern

FamM 1

D3



Author: Daniel Berner

& Urs Bloesch
Location: Lusahunga Survey: 4 M Date: 19.8.1998

Elevation: 1410 m a.s.l Landform: foothill Aspect: 20° Slope: 3%

Surface thicket clump: 800 m2 Size of relevé: 8x 8 m Co-ordinates: 2°57'40" S/31°12'22" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -15 m Cover: 30%(60pot.)

Shrub layer:

Height: -6 m Cover: I5%(30pot.)

Herb layer:

Height: -2.4 m Cover: 80%

Remarks: potential canopy cover estimated Community: Miombo forest

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants
Jubemardia gbbifbra 4

Pencopsis angotensis 1

Shrub/tree layer

Woody plants

Antidesma membranaceum 1

Combretum mole 1

Dabergia lactea +

Lannea schimpen 1

Pencopsis angobnsis 2

Secunnega 2 +

Vitex doniana 1

Woody plants
Anthocbista schweinfurthii 1

Combretum mossambicense +

Jubemardia gbbifbra +

Pencopsis angobnsis 1(2)

Secunnega 2 1

Steganotaenia araiaceae +

Others

Aspiia pbnseta 1

Bidens grandi 1(2)

Gutenbergia cordifoia +

Inub gbmerata 1

Obenlandia herbacea var herbacea +

Pandiaka andongensis 1

Rhynchosia sp +

Tephrosia sp +

Tnumfetta rhomboidea +

M5 +

M28 1

M31 +

M32 1

Graminae

Andropogon gayana 1

Hypanhenia newtonii 3

Hyperteia dissobta 1

Loudetia arundinacea 2(3)

Pennisetum unisetum +

Sporobobs mildbraedii 1

Themeda tnandra 1

D4



Author: Daniel Bemer

& Urs Bloesch
Location: Lusahunga Survey: 5 M Date: 19.8.1998

Elevation: 1410 m a.s.l Landform: foothill Aspect: 290° Slope: 8%

Surface thicket clump: 1600 m2 Size of relevé: 8x 8 m Co-ordinates: 2°56'38" S/31°12'50" E

Petrography: Soil texture: Soil type: Ferralsol

Tree layer:

Height: -15 m Cover: 30%(65pot.)

Shrub layer:

Height: -7 m Cover: 20%

Herb layer:

Height: -2.2 m Cover: 75%

Remarks: potential canopy cover estimated Community: Miombo forest

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants
Combretum mole 1

Jubemardia gbbifbra 4

Shrub/tree layer

Woody plants
Abaa antunesiana +

Abaa gummifera +

Annona senegalensis 1

Anthocbista schweinfurthii 1

Antidesma membranaceum +

Combretum coinum 1

Combretum mote 2

Dabergia lactea +

Grewia tnchocarpa +

Jubemardia gbbifbra +

Markhamia obtusrfoia +

Monotes glaber +

Pannan curatelifoia +

Pifostjgma thonningii +

Rhus natalensis 1

Secunnega 2 1

Woody plants
Anthocbista schweinfurthii 1

Fbcourtia mdica +

Secunnega 2 1

Secunnega sp 1

"Alius" +

Others

Aspiia pbnseta 1

Bidens grantu 1

Gutenbergia cordrfoia 1

Hygrophira spiciformis 1

Inula gbmerata 1

Ochnasp +

M5 1

M37 +

Lianas

Abrus canescens +

Rhynchosia sp +

Graminae

Beckeropsis umseta 2

Brachiana bnzantha +

Hyparrhenia newtonii 2

Hyperteia dissobta 3

D5



Author: Urs Bloesch Location: Karama Survey: 1 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 180° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 4.5 m Cover: 20%

Herb layer:

Height: -1.5 m Cover: 90%

Remarks: plant species from transect
Community: Encroached shmb

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants
Acacia hockii 2

Rhus natalensis 1

Woody plants
Acacia hockii +

Erythrococca bongensis +

Lannea stuhlmannu +

Others

Asystasia gangetica +

Cassia mimosoides 1

Crabbea velutina 1

Indigofera m +

Sida cordifolia +

Spermacoce pusilla 1

Spermacoce sp +

Tephrosia nana +

Vernonia schweinfurthii 3

"Ipomoea" +

Graminae

Brachiana decumbens 2

Chloris virgata 2

Hyparrhenia filipendula 1(2)

E1



Author: Urs Bloesch Location: Karama Survey: 2 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 5 m Cover: 35%

Herb layer:

Height: -2 m Cover: 90%

Remarks: shmb layer 50 x 50 m
Community: Encroached shrub

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 3 Acacia hockii 1 Brachiana decumbens 3

Carissa edulis 1 Dichrostachys cinerea 1 Digitana maitlandii 1

Dichrostachys cinerea 1 Erythrococca bongensis + Heteropogon contortus 1

Rhus natalensis 1 Rhus natalensis 1 Panicum maximum

Sporobolus pyramidalis

Themeda triandra

2

2

+

Lianas Lianas

Cyphostemma adenocaule 1 "Isusa Liane" 1

"KK Liane" + "KK Liane"

Others

Achyrantes aspera

Asystasia gangetica

Cassia mimosoides

Crabbea velutina

Fuerstia afncana

Leucas martimcensis

Rhynchosia sp

Spermacoce pusilla

Tagetes minuta

Tephrosia nana

Vernonia schweinfurthii

"Crépis"

"Crotalana"

"Uruwii"

2

+

+

1(2)

1

1

+

1

+

+

+

2

+

1

Others

Commelina afncana var villosa

Cyanotis cf arachnoidea

1

+

E2



Author: Urs Bloesch Location: Karama Survey: 3 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 6 m Cover: 50%

Herb layer:

Height: -2 m Cover: 90%

Remarks: shmb layer 50 x 50 m
Community: Encroached shmb

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 3 Acacia hockii 1(2) Brachiana decumbens 3

Canthium lactescens 1 Canthium lactescens 1 Chloris virgata 1

Commiphora madagascanensis 1 Cappans edulis + Digitana maitlandii +

Dichrostachys cinerea 1 Psychotna fartai var mucronata + Eragrostis racemosa +

Lanea stuhlmannu 1 Heteropogon contortus 1

Pappea capensis 1 Panicum maximum 1(2)

Rhus natalensis 1 Lianas

Cissus quadrangulans

Thunbergia alata

+

Sporobolus pyramidalis 2

Lianas "KK Liane" 1(2) Others

"KK Liane" +

Others

Asystasia gangebca

Bidens pilosa

Cassia mimosoides

Crabbea velutia

Leucas martnicensis

Microglossa pyrrfolia

Rhynchosia sp

Setaria sphacelata var aurea

Spermacoce pusilla

Triumfetta rhomboidea

Vernonia schweinfurthii

"Labiateae"

"Senecio"

+

+

1(2)

1

1

+

1

1

+

+

3

+

+

Asparagus racemosa

Commelina africana var villosa

+

1

E3



Author: Urs Bloesch Location: Karama Survey: 4 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 0° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 4 m Cover: 20%

Herb layer:

Height: -1.8 m Cover: 95%

Remarks: shmb layer 50 x 50 m
Community: Encroached shrub

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants Woody plants Graminae

Acacia hockii 2 Acacia hockii 1 Brachiana decumbens 2

Acacia siebenana var kagerensis 1 Dichrostachys cinerea 1 Chloris virgata 2

Dichrostachys cinerea 1 Grewia similis + Hyparhema filipendula

Panicum maximum

Setana sphacelata var aurea

3

1(2)

2

Others Sporobolus pyramidalis 2

Asystasia gangetica 1

Cassia mimosoides 1

Indigofera arrecta + Cyperaceae

Rhynchosia sp 1 "Manscus" 1

Sida cordifblia +

Spermacoce pusilla 1

Thunbergia alata + Others

Vernonia schweinfurthii 2 Cyanotis cf arachnoidea 1

Zornia setosa subsp obovata + Commelina afncana var villosa 1

"Ubuhandanzovu" 1

"Cannabis" +

"Crepis" 1

MM 1

11 +

Lianas

"KK Liane" 1

E4



Author: Urs Bloesch Location: Karama Survey: 5 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: 0° Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 4.5 m Cover: 50%

Herb layer:

Height: -2 m Cover: 92%

Remarks: shrub layer 50 x 50 m
Community: Encroached shmb

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia hockii 3

Dichrostachys cinerea 1

Euphorbia candelabrum 1

Lannea stauhlmannn 1(2)

Rhus natalensis 1

Lianas

"KK Liane" 1

Woody plants
Acacia hockii 1

Allophylus macrobotns +

Others

Achyrantes aspera 1 (2)

Asystasia gangetica +

Blephans maderaspatensis subsp rubiifolia 1

Fuerstia afncana 1

Hibiscus aponeurus +

Rhynchosia sp +

Vernonia schweinfurthii 2

Lianas

Cissus quadrangulans +

Cyphostemma adenocaule 1

Jasminum schimpen +

"Isusa Liane" 1

"KK Liane" 1

Graminae

Brachiana decumbens 3

Chloris virgata 1

Hyparhema filipendula 1

Panicum maximum 3

Themeda tnandra +

Others

Asparagus racemosa +

Commelina afncana var villosa +

E5



Author: Urs Bloesch Location: Karama Survey: 6 K.A Date: 7.5.1998

Elevation: 1380 m a.s.l. Landform: hilltop Aspect: Slope: 2%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates: 2°16'20" S/30°16'00" E

Petrography: Soil texture: Soil type:

Tree layer:

Height: Cover:

Shrub layer:

Height: - 3.2 m Cover: 40%

Herb layer:

Height: -1.8 m Cover: 95%

Remarks: shrub layer 50 x 50 m
Community: Encroached shrub

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Woody plants

Acacia hockii 3

Boscia angustifolia var. corymbosa +

Canssa edulis 1

Lianas

Cyphostemma adenocaule 1

"KK Liane" +

Woody plants

Others

Acacia hockii 2

Acalypha bipartita 1

Achyrantes aspera 1 (2)

Asystasia gangetica +

Cassia mimosoides +

Commelina afncana var, villosa 1

Fuerstia afncana 1

Leucas martimcensis 1

Monechma debile 1

Panicum maximum 2

Tagetes minuta +

Tephrosia nana +

Tnumfetta rhomboidea +

Vernonia schweinfurthii 2

"Senecio" +

Lianas

"KKLiane" 1(2)

Graminae

Bothriochloa insculpta 2

Brachiana decumbens 1

Chlons virgata 1

Digitana maitlandii 1

Heteropogon contortus 2

Hyparhenia filipendula 1

Sporobolus pyramidalis 2

Themeda triandra +

E6



Author: Urs Bloesch Location: Lake Mburo Survey: 1 L.A Date: 1.6.1998

Elevation: Landform: slope Aspect: 609 Slope: 6%

Surface thicket clump: Size of relevé: 8 x 8 m Co-ordinates:

Petrography: Soil texture: Soil type:

Tree layer:

Height: 2-6(7) m Cover: 60%

Shrub layer:

Height: -2 m Cover: 20%

Herb layer:

Height: -0.8 m Cover: 98%

Remarks: tree layer/ shmb layer: 50 x 50 m
Community: Encroached tree

savanna

Tree / shrub layer Herb layer

Dicotylédones Monocotyledones

Tree layer 1

Woody plants

Acacia gerrardii +

Acacia hockii 3(4)

Acacia siebenana var kagerensis +

Shrub layer

Woody plants
Grewia tnchocarpa +

Rhus natafensis 1

Others

Abutibn mauntianum +

Acalypha bipartita 2

Achyranthes aspera +

Solanum incanum 1

Woody plants

Others

Achyranthes aspera +

Fuerstia africana +

Thunbergia alata +

Graminae

Brachiaria decumbens 5

Panicum maximum +

Others

Asparagus flagellaris +

E7
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Modified Line-intercept method (see4.2.i)

Thicket clump N°2 on plain, Kikulula

(see general information thicket clump 2 Ki.PT)

Length of transect: 30 m

Legend:

Ag Ageratum conyzoides Hd Hyperthelia dissoluta

Ap Albizia petersiana Jf Jasminum fluminense

Am Allophylus macrobotrys Js Jasminum schimperi

Aa Anchylobothrys amoena Ke Kyllinga elatior

An Andropogon canaliculars Ls Loudetia simplex

Bd Brachiaria decumbens Ma Maytenus arguta

Ce Capparis erythrocarpos Mv Miscanthus violaceus

Ca Carissa edulis Pm Panicum maximum

Ch Chlorophytum gallabatense Pm? Panicum maximum?

Cq Cissus quadrangulans Pn Paspalum notatum

Cl Clausena anisata Ps Pittosporum spathicalyx

Cy Cynodon dactylon Pk Psychotria kirkii var. mucronata

Di Dioscorea sp.1 Rn Rhus natalensis

Et Eragrostis tenuifolia Sa Sansevieria parva

Es Euclea schimperi Su Scleria unguiculata
Om Ficus glumosa Se Setaria kagerensis

Fi Fimbristylis complanata S1 Sporobolus 1

Gt Grewia trichocarpa Sp Sporobolus pyramidalis

Hg Haplocoelum gallaense Ss Sporobolus stapfianus
Ha Harrisonia abyssinica St Strychnos usambarensis

Hr Hyparrhenia diplandra Tn Teclea nobilis

Hp Hyparrhenia filipendula Tt Themeda triandra

Distance

from zero Species and height of cover (not for plants of the herb layer)

in cm

0 Fi

20 Ls

40 Tt

60 Hp
80 Ke

100 Ke

120 Sp
140 Cy
160 Hp
180 Sp
200 Et

220 Sp
240 Sp
260 Fi

280 Fi

300 Ls

320 Fi

340 Fi

360 Ss

H 1



380

400

420

440

460

480

500

520

540

560

580

600

620

640

660

680

700

720

740

760

780

800

820

840

860

880

900

920

940

960

980

1000

1020

1040

1060

1080

1100

1120

1140

1160

1180

1200

1220

1240

1260

1280

1300

1320

1340

1360

1380

1400

1420

1440

Fi

Fi

Ls

Ls

Ls

Tt

An

Hp
S1

cy

Sp

Sp/Ps 210-230

Su/Ps 180-220

An/Ps 140-220

Bd/Ps 160-230

S1 /Ps 180-190, 260-280

Ls/Ps 180-200

Hd / Ps 200-260

Bd/Ps 180-250

Cy/Ps 140-260

Pm?/Ps 180-230

Pm?/Ps 140-200

Bd / Ps 130-190 / Om 650-670

Bd / Ps 120-160 / Tn 370-420 / Om 650-670

Bd / Ps 120-230 / Tn 370-420

Bd / Ps 80-90 / Tn 370-490

Bd / Tn 350-490

Bd / Ps 120-160 / Tn 370-480 / Ap 620-640

Sp / Tn 320-460 / Ap 620-650

Bd / Tn 200-230, 300-470 / Ap 560-640

Bd / Tn 140-230, 300-460 / Ap 560-640

Bd / Tn 130-240, 300-450 / Ap 480-640

Js / Tn 140-160, 220-420 / Ap 480-650 / Om 650-780

Se / Tn 110-400 / Ap 600-650 / Om 650-720

Se / Tn 120-400 / Ap 550-650

Ch / Tn 120-350 / Ap 520-600 / Om 630-650

Se / Tn 40-50, 120-350 / Ap 520-580 / Om 620-640

Js / Tn 70-340 / Ap 600-630 / Om 640-690

Js / Tn 80-380 / Ce 120-140 / Aa 380-400 / Ap 580-600 / Om 620-850

Js / Tn 70-500 / Ce 230-250 / Ap 620-640 / Om 660-700

Js / Tn 70-480 / Ce 170-200 / Aa 200-240, 280-320 / Gt 380-400 / Ap 580-600 / Om 630-

800

Js / Tn 80-520 / Jf 90-100 / Gt 380-400 / Om 650-820

Hg / Tn 90-480 / Jf 250-280 / Om 650-820

Hg / Tn 50-500 / Om 650-860

Hg / Tn 190-450 / Om 680-880

Cq / Tn 100-450 / Ce 120-130 / Ha 400-420 / Om 620-850

Cq / Tn 40-50, 100-350 / Om 600-900

Js / Jf 20-30 / Tn 30-40, 450-650 / Ce 70-170 / Ap 680-750 / Om 740-1000

Js / Jf 50-60 / Ce 100-150 / Tn 420-650 / Ap 680-750 / Om 740-1000

Js / Js 20-60 / Ce 70-160 / Tn 420-760 / Ap 800-900

Sa / Es 60-70 / Ce 80-160 / Tn 370-620 / Ap 750-920

Sa / Es 50-60 / Ce 40-180 / Tn 250-550 / Gt 650-700 / Ap 750-1000

Sa / Ce 40-100, 180-200 / Tn 250-550 / Gt 650-750 / Ap 700-1050

Sa / Ce 40-100 / Tn 220-500 / Gt 650-750 / Ap 700-1050

H2



1460

1480

1500

1520

1540

1560

1580

1600

1620

1640

1660

1680

1700

1720

1740

1760

1780

1800

1820

1840

1860

1880

1900

1920

1940

1960

1980

2000

2020

2040

2060

2080

2100

2120

2140

2160

2180

2200

2220

2240

2260

2280

Js / Ce 70-100, 200-220 / Tn 250-520 / Gt 650-700 / Om 950-1000

Sa / Ce 80-100, 580-630 / Tn 230-520 / Ap 750-950

Sa / Ce 60-100, 250-320 / Cq 90-100 / Ap 680-750, 800-950

Sa / Ce 120-140, 520-640 / Ap 700-950

Js / Ce 90-130, 200-220, 470-640 / Ap 700-950

Es / Ce 200-240, 480-680 / Ap 700-900 / Jf 850-900

Es/ Hg 120-140 / Ce 200-220, 470-590 / Am 650-690 / Ap 760-900 / Jf 850-880

Sa / Ce 180-200, 400-420, 520-580 / Am 650-700 / Ap 700-800

Sa / Ap 80-100, 700-850 / Ce 120-140, 360-490 / Hg 580-620 / Am 650-680

Hg / Ce 60-500, 580-620 / Hg 260-450, 580-620 / Am 660-680 / Ap 700-850 / Js 760-780

Tn / Hg 30-40 / Ce 80-500, 580-640 / Hg 160-460, 580-600 / Ca 620-640 / Ap 680-850

Sa / Ce 70-550 / Hg 150-200 / Cq 160-170, 200-220 / Om 590-610 / Ca 630-680 / Js 680

720 / Ap 750-900

Sa / Ce 120-280, 320-360 / Hg 150-160 / Tn 560-620 / Ca 620-680 / Om 760-780 / Ap

800-900

Sa / Ce 130-320 / Cq 220-240 / Tn 480-620 / Om 640-660, 740-780 / Ca 680-740 / Ap

820-920

Sa / Ce 150-300 / Tn 430-620 / Om 640-660 / Ca 680-740 / Ap 800-880

Ce / Ce 180 330 / Am 250-480 / Tn 450-620 / Om 640-660 / Ca 680-720 / Ap 820-900

Tn / Ce 160-320 / Am 220-480 / Tn 430-630 / Ca 670-710 / Js 860-700 / Om 650-780 /

Ap 830-920

Ce / Ce 170-300 / Hg 210-240 / Am 180-460 / Tn 540-670 / Om 660-680, 740-780 / Js

670-720 / Ap 820-950

Ps / Ce 180-260 / Hg 210-240 / Cq 230-240, 320-330 / Am 320-380 / Tn 430-680 / Om

670-690, 730-780 / Ap 760-790, 850-950

Js / Ce 180-330 / Hg 220-240 / Cq 260-290 / Am 340-390 / Tn 420-680 / Om730-770 / Jf

740-760 / Ap 760-690, 860-950

Tn / Hg 200-220 / Ce 230-240, 280-340 / Am 350-380 / Tn 400-450, 520-680 / Om 730

760 / Ap 760-920

Di / St 90-100 / Ce 200-320 / Cq 220-290 / Am 350-390 / Tn 430-690 / Ap 760-980

Aa / Pk 90-100 / Ce 150-320 / Cq 220-290 / Am 360-380 / Tn 400-690 / Ap 780-980

Js / Pk 70-110 / Ce 190-320, 290-330 / CI 190-200 / Cq 260-300 / Tn 580-680 / Ap 780-

870

Gt / Gt 50-60 / Pk 70-100 / Cq 100-110, 290-310 / Cl 190-200 / Ce 280-310 / Am 360-

380 / Tn 620-660 / Ap 690-720, 810-880

Tn / Pk 809-110 / Cl 190-210 / Cq 260-310 / Ce 280-310 / Am 360-380 / Tn 630-660 / Ap

800-880

Pm / Am 80-100 / Ce 230-300 / Ps 260-270 / Cq 270-290 / St 290-300 / Ap 360-370, 800

880 / Tn 630-640

Cq / Gt 60-80 / Ps 90-110, 200-240 / St 180-200 / Ap 360-370, 800-900

Pm / Ps 200-240 / Js 220-230 / Cl 240-250 / Tn 630-650 / Ap 780-920

Pm / Es 50-60 / Aa 80-90 / Ps 200-230 / Ap 640-650, 780-900

Pm / Aa 80-90 / Cl 220-230 / Ap 630-650, 780-870

Pm / Ma 220-230 / Ap 640-680

Es / CI 190-210 / Cq 220-210 / Ap 640-680

Pm / Cq 190-200 / Ap 200-210, 640-680

Cy / Ap 640-690

Pm / Ap 650-700

Pm / Cl 150-160 / Ap 210-220, 640-690/ Jf 640-650

Cy / Cl 150-160 / Ap 640-690 / Jf 640-650

Ag / Rn 240-260 / Ap 650-700

Cy / Rn 170-230 / Ap 660-680

Pn / Rn 160-170 / Ap 660-680

Cy / Rn 160-170 / Ap 660-690

H3
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Modified Line-intercept method (see4.2.i)

Thicket clump N°1 on stony hillside, Kikulula

(see general information thicket clump 1 Ki.HT)

Length of transect: 50 m

Legend:
Aa Anchylobotrys amoena Dn Dalbergia nitidula

Ab Abutilon mauritianum Ds Dioscorea schimperiana

Ag Asystasia gangatica Dsp Dioscorea sp.1
Am Allophylus macrobotrys Ek "Echihoko kidogo"
As Acokanthera schimperi Er Eriosema parviflorum

Ast Asplenium stuhlmannii Fe Fern

Av Aloe volkensii Gt Grewia trichocarpa

Bp Blepharispermum pubescens Ha Hamsonia abyssinica
Ca Cyanotis arachnoidea Hg Haplocoelum gallaense
Cb Commelina benghalensis subsp. Hn Hyparrhenia newtonii

benghalensis Js Jasminum schimperi
Cc Cyanotis cf. arachnoidea Ls Loudetia simplex
Ce Capparis erythrocarpos Ma Maytenus arguta
Cf Coffea eugenioides Mp Microglossa pyrifolia

Chi Chloris virgata Om Omuscharazi

Ci Cassia singueana Pc Pappea capensis
Cl Canthium lactescens Pm Panicum maximum

Co Commelina africana var.villosa Ps Pittosporum spathicalyx

Cp Cyphostemma adenocaule Rn Rhus natalensis

Cq Cissus quadrangularis Rr Rhynchosia rsinosa

Cr Crassocephalum sacrobasis Ru "hairy Rubiaceae"

Cs Canthium schimperanum SI Strychnos lucens

Csp. Canthium sp. Sp Sansevieria parva

Cv Canthium vulgare Su Spermacoce pusilla

Cy Cyperaceae Ta Thungergia aiata

Dg Drypetes gerrardii var. tomentosa Te Triumfetta cordifolia

Dm Digitaria maitlandii Tn Teclea nobilis

Distance

from zero Species and height of cover (not for plants of the herb layer)

in cm

0 Hn

20 Hn

40 Ls

60 Hn

80 Hn

100 Ls

120 Hn

140 Hn

160 Ls

180 Ls

200 Hn

220 Hn

240 Ls

260 Hn

280 Hn

H5



300 Hn

320 Ls

340 Hn

360 Ls

380 Hn

400 Ls

420 Ls

440 Ls

460 Ls

480 Ls

500 Ls

520 Hn

540 Ls

560 Ls

580 Ls

600 Ls

620 Ls

640 Ls

660 Hn

680 Hn

700 Su /Rr 50-160

720 Cy / Rn 380-420

740 Cy / Rn 380-420

760 Cy / Rn 380-420

780 Ek/Rr 50-160

800 Rr/Rr 50-160

820 Rr/Rr 50-160

840 Cy / Rn 380-420

860 Hg
880 Cy
900 Ls

920 Hn

940 Ls / Ha 400-430

960 Ca / Ha 400-430

980 Cy / Rn 380-420

1000 Cb / Rn 380-430

1020 Am

1040 Ls / Ha 60-70 / Rr 70-80 / Ha 150-160, 300-330 / Rn 380-400/ Ha 400-450

1060 Pm / Ha 70-100, 250-350 / Cs 370-400 / Ha 400-450

1080 Csp. / Am 100-130 / Ha 250-350 / Cs 350-400 / Ha 400-450

1100 Pc / Pc 90-100 / Ha 280-350 / Cs 358-380 / Ha 380-440

1120 Js / Pc 60-100 / Ha PsO-400 / Rn 300-320

1140 Ab /Pc 60-120 /Ha 200-320

1160 Bp / Bp 100-110/ Ag 150-180 / Ha 200-350

1180 Js / Pc 100-160 / Ha 180-350 / Ag 200-220

1200 Ab / Tc 200-220 / Ha 200-350

1220 Sp / Ha 250-400

1240 Pm / Ha 250-450 / Cs 350-370 / Bp 300-330

1260 Csp / Ha 260-450 / Bp 300-320

1280 Cq / Bp 40-100 / Am 200-220 / Cs 250-360 / Ha 300-400

1300 Co / Cs 260-360 / Ha 300-400

1320 Hg / Am 300-330 / Ha 300-350

1340 Hg / Am 280-300 / Ha 280-320 / Cs 600-750

1360 Ha / Hg 120-140 / Ha 140-160 / Ce 150-160 /Am 250-300 / Ha 350-370 / Cs 600-750

H6



1380

1400

1420

1440

1460

1480

1500

1520

1540

1560

1580

1600

1620

1640

1660

1680

1700

1720

1740

1760

1780

1800

1820

1840

1860

1880

1900

1920

1940

1960

1980

2000

2020

2040

2060

2080

2100

2120

2140

2160

2180

2200

2220

2240

2260

2280

2300

2320

2340

2360

2380

2400

Hg / Ma 60-100 / Ha 100-130 / Ce 120-140 / Am 250-270 / Aa 270-290 / Ha 350-370 /

Cs 550-650

Js / Ha 60-80 / Ta 80-100 / Am 250-290 / Aa 270-290 / Ha 350-370 / Cs 530-650

Hg / Ha 60-80 / Cq 80-90 / Aa 200-220 / Am 250-270 / Aa 270-290 / Ha 300-360 /

Cl 480-550

Hg / Ha 60-100 / Ce 120-140 / Am 200-240 / Cs 350-500 / Aa 450-470

Bp / Ce 60-150 / Am 180-200 / Cs 350-450 / Aa 450-470

Sp / Dg 60-80 / Ce 120-150 / Am 220-250 / Cs 350-450 / Aa 450-470

Co / Dg 60-80 / Ce 100-150 / Am 200-PsO / Cs 350-450 / Aa 450-470

Co / Ce 60-70, 100-120 / Dg 250-270 / Aa 350-450 / Cs 400-450 / Hg 800-1000

Co / Aa 350-450 / Hg 800-1000

Bp/Hg 800-1000

Hg/Hg 800-1000

Hg/Hg 800-1000

Hg / Aa 250-270 / Hg 800-1000

Js / Aa 200-220 / Hg 800-1000

Co / Aa 250-300

Co/Hg 800-1000

Co/Hg 800-1000

Om/Hg 800-1000

Ce/Hg 800-1000

Js/Hg 800-1000

Co/Hg 800-1000

Co/Hg 800-1000

Js/Hg 800-1000

Pm/Hg 800-1000

Cr/Hg 800-1000

Cq/Cr 60-80/Hg 800-1000

Ci / Cr 100-140 / Hg 800-1100

Bp / Cr 50-150 / Bp 250-280 / Hg 900-1200

Js / Bp 50-350 / Cr 100-250 / Cv 100-130 / Dg 500-700 / Hg 900-1200

As / Bp 50-350 / Cr 200-250 / Dg 500-600, 800-1400

Js / Cq 100-140 / Cv 100-140 / Bp 150-350 / Aa 200-250 / Dg 300-600, 800-1400

Hg / Cv 100-160 / Bp 180-300 / SI 250-280 / Aa 700-720 / Dg 800-1400

Hg / Cf 100-120 / Cv 140-250 / Bp 170-300 / Aa 600-650 / Dg 800-1400

Hg / Cf 100-120 / Cv 180-200 / Bp 200-320 / Ds 650-700 / Dg 800-1400

Hg / Csp 60-80 / Aa 200-280 / Ds 650-700 / Dg 800-1000

As / Csp 60-100 / Cf 120-130 / Aa 150-250 / Ds 650-700 / Dg 800-1000

As / Csp 50-100 / Cf 120-130 / S1130-250 / Aa 400-420 / Ds 650-700 / Dg 800-1000

Js / Cf 50-60 / SI 150-340 / Aa 400-420 / Dg 800-1000

Hg / Tn 150-180 / Aa 480-540 / Dg 800-1000

Ast / Cf 100-200 / Aa 480-540 / Dg 800-1400

Hg / Cf 150-220 / Aa 450-480 / Dg 700-1400

As / Dg 100-150 / Aa 450-480 / Dg 600-1500

Hg / Dg 100-150 / Aa 400-420 / Dg 600-650, 800-1500 /

As / Dg 100-150 / Dg 300-400 / SI 400-420 / Dg 700-1500

Bp / Dg 250-400 / SI 400-420 / Dg 700-1500

Bp / Dg 40-50, 250-400 / SI 400-420 / Dg 700-1500

Hg / Dg 40-50, 250-400 / SI 400-420 / Dg 700-1500

Hg/Dg 350-370, 600-1500

Cq / Er 40-50 / Hg 500-600 / Dg 700-1500

Hg / Csp 60-120 / SI 220-250 / Hg 500-600 / Dg 700-1300

Hg / Csp 50-120 / SI 100-120, 200-250 / Hg 400-800 / Dg 800-1300

Hg / SI 50-120 / Csp 200-220 / Hg 400-800 / Dg 800-1300

H7



2420

2440

2460

2480

2500

2520

2540

2560

2580

2600

2620

2640

2660

2680

2700

2720

2740

2760

2780

2800

2820

2840

2860

2880

2900

2920

2940

2960

2980

3000

3020

3040

3060

3080

3100

3120

3140

3160

3180

3200

3220

3240

3260

3280

3300

3320

3340

3360

3380

3400

3420

3440

3460

3480

3500

Hg / SI 40-250 / Csp 100-160 / Hg 400-800 / Dg 800-1300

Hg / Csp 120-150 / SI 240-250 / Hg 380-700 / Cs 700-1300 / Aa 800-850

Hg / Csp 120-140 / Hg 550-800 / Aa 800-850 / Cs 700-1300

Hg / SI 30-70 / Ce 400-430 / Hg 600-800 / Aa 800-850 / Cs 700-1300

Hg / SI 50-60 / Ce 400-430 / Hg 600-800 / Cs 700-1300

Hg / Ce 400-430 / Hg 600-800 / Cs 700-1300

Hg / Dg 90-100 / Hg 400-800 / Cs 700-1300

Gt / Dg 70-90 / Cq 80-90 / Hg 400-800 / Cs 700-1300

Dg / Dg 70-90 / Hg 459-800 / Cs 700-1300

Hg / Dg 80-90 / Hg 450-550 / Cs 800-1400

Ta / Dg 80-100 / Cs 800-1400

Hg / Dg 80-90 / Cs 800-1400

Hg / Csp 220-250 / Cs 750-1350

Hg / Csp 220-240 / Cs 700-1300

Ast / Csp PsO-270 / Hg 400-450 / Cs 700-1300

Ast / Csp 200-250 / Hg 400-1300 / Cs 800-1000

Hg / Csp 100-120, PsO-250 / Hg 400-1300 / Cs 800-1000

Hg / Csp 110-120 / Hg 350-1300 / Cs 800-1000

Hg / Hg 350-1300 / Cs 800-1000

Bp / Csp 50-60 / Hg 300-1000 / Cs 1000-1300

Bp / Dg 170-200 / Hg 350-1000 / Cs 900-1300

Bp / Hg 350-1000 / Cs 800-1300

Bp / Hg 350-1000 / Cs 800-1300

Js / Hg 320-1000 / Cs 1000-1300

Js / Hg 300-600 / Cs 900-1300

Hg/Hg 300-1300

Bp / Hg 360-1300 / Cs 1100-1300

Cq / Hg 400-900

Dsp / Hg 400-900

Dsp / Hg 400-900

Hg / Hg 300-900 / Aa 750-850

Hg / Hg 300-900 / Aa 750-850

Ast / Hg 300-900 / Aa 750-850

Ast / Csp 250-320 / Aa 400-450 / Hg 400-900

Mp / Aa 120-140, 600-650 / Hg 580-900

Hg / Cs 120-140 / Aa 140-160, 400-420 / Hg 400-900

Hg / Cs 150-160 / Aa 160-170, 500-600 / Hg 450-950 / Ds 540-560

Hg / B 350-560 / Aa 600-650, 800-850

Csp / Dg 100-120 / Hg 600-620, 800-900 / Aa 640-700

Co / Dg 100-120 / Hg 600-620, 800-900 / Aa 640-670

Hg / Csp 200-220, 330-350 / Aa 600-650 / Hg 800-850

Dg / Hg 450-520, 600-800 / Aa 500-540

Bp / Aa 500-600 / Hg 600-800

Bp / Hg 550-750

Bp / Hg 400-500 / Cs 800-1100 / Aa 600-800

Bp / Csp 150-170, 220-240 / Hg 400-500 / Cs 800-1150 / Aa 600-800

Cs / Csp 150-200, 400-450 / Hg 400-550 / Cs 800-1150

Cs / Csp 160-200, 400-420 / Cs 750-1150

Am / Csp 160-200 / Hg 500-550 / Cs 800-1100

Hg / Hg 400-420 / Cs 700-1100

Csp / Csp 420-440 / Cs 750-1100

Hg / Csp 350-400 / Cs 800-1100

E / Csp 320-360 / Hg 700-750 / Cs 800-1000

Hg / Csp 320-350 / Hg 700-750 / Cs 800-1000

Hg / Csp 300-450 / Hg 450-550 / Aa 450-600 / Cs 700-800
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3520

3540

3560

3580

3600

3620

3640

3660

3680

3700

3720

3740

3760

3780

3800

3820

3840

3860

3880

3900

3920

3940

3960

3980

4000

4020

4040

4060

4080

4100

4120

4140

4160

4180

4200

4220

4240

4260

4280

4300

4320

4340

4360

4380

4400

4420

4440

4460

4480

4500

4520

4540

4560

4580

4600

Hg / Csp 200-400 / Hg 400-600 / Cs 650-800

Hg / Csp 220-450 / Cl 450-500

Hg / Csp 180-450 / Cl 450-500

Js / Csp 200-450 / Cl 450-600

Hg / Csp 180-450 / Cl 450-580

Dsp / Csp 220-450 / Cl 450-550

Hg / Csp PsO-470 / Cl 470-540

Hg / Csp 300-420 / Cl 400-500

Am / Ep 60-70 / Csp 180-450 / Cl 480-500

Hg / Ce 40-140 / Ru 180-300 / Csp 300-350 / Cl 400-450

Hg / Ru 80-320 / Csp 330-420 / Cl 450-500

Hg / Ru 90-110 / Tn 150-170 / Ru 200-280 / Csp 300-420

Hg / Ru 90-140 / Tn 160-180 / Ru 180-300 / Csp 360-400

Dn/Ps 160-190/Tn 250-300

Hg / Ps 120-150 / Tn 220-270 / Cs 340-370

Hg / Av 10-60 / Ps 150-170 / Csp 170-190 / Tn 250-270

Fe / Csp 80-90 / Aa 130-150, 250-270

Fe/Aa 150-260

Ds / Csp 40-70 / Aa 120-150 / Cp 130-160 / Rr 300-450

Fe / Csp 40-70, 100-120 / Cs 120-160 / Aa 220-240 / Rr 250-300

Ag / Csp 30-60 / Cs 160-200 / Ds 220-260

Fe / Csp 40-60 / Cs 160-180 / Aa 220-260

Ag / Cs 40-60,120-160 / Aa 180-220 / Rr 240-260

Ls/Cs 30-150/Aa 200-250

Pm / Cs 100-150 / Aa 120-220

Cy/Aa 50-120 / Rr 150-220

Pm / Aa 60-120 / Rr 200-220

Hn/Aa40-100

Ls/Aa 100-120

Dm

Dm

Co

Hn

Cy
Chi

Hn

Chi

Dm

Hn

Su

Chi

Zy
Hn

Pm

Su

Hn

Hn

Ls

Ls

Ls

Ek

Hn

Hn

Dm

Dm
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Modified Line-intercept method (see4.2.v

Thicket clump N°6 on gentle slope, Lake Mburo National Park

(see general information thicket clump 6 LHT)

Length of transect: 25 m

Legend:
Am Abutilon mauritianum L13 L13

Ar Achyranthes aspera Mp Microglossa pyrifolia

As Allophylus sp. Oh? Ochna holstii?

Af Asparagus falcatus Ol Olea europea var. africana

Ag Asystasia gangetica Pm Panicum maximum

Bm Blepharis maderaspatensis rubiifolia Pk Psychotna kirkii var.mucronata

Bd Brachiaria decumbens Rn Rhus natalensis

Cs Canthium schimperanum Rh? Rhynchosia holstii?

Ce Capparis erythrocarpos Sa Sansevieria parva

Co Coffea eugenioides Sm Scutia myrtina
Dc Dyschoriste Csinopodioides Sk Setaria kagerensis

Fi Fimbristylis complananta Sc Scanum cyano-purpureum

Fa Fuerstia africana Sp Sporobolus pyramidalis

Gs Grewia similis Tn Teclea nobilis

Js Jasminum schimperi Tt Themeda triandra

Distance

from zero Species and height of cover (not for plants of the herb layer)

in cm

0 Bd

20 Bd

40 Bd

60 Bd

80 Fi

100 Bd

120 Bd

140 Fi

160 Tt

180 Bd

200 Bd

220 Fi

240 Bd

260 Fi

280 Bd

300 Bd

320 Bd

340 Bd

360 Bd

380 Tt

400 Fi

420 Fi/Cs 190-220

440 Fi / Cs 220-250, 500-540

460 Bd / Cs 220-240, 500-550

480 Bd / Cs 220-240, 500-530

500 Bd / Cs 500-530
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520

540

560

580

600

620

640

660

680

700

720

740

760

780

800

820

840

860

880

900

920

940

960

980

1000

1020

1040

1060

1080

1100

1120

1140

1160

1180

1200

1220

1240

1260

1280

1300

1320

1340

1360

1380

1400

1420

1440

1460

1480

1500

1520

1540

1560

1580

1600

Sk / Cs 250-260, 500-540

L 13 / Cs220-230, 240-260, 510-550

Bm / Co 90-160 / Cs 200-260, 510-550

Ag / Co 80-200 / Cs 220-290, 500-530

Sk / Co 160-220 / Ce 200-220 / Cs 260-300, 500-530

Sk / Ce 180-190 / Co 210-260 / Cs 260-300, 500-520

Sk / Ce 190-210 / Co 220-280 / Cs 240-250

L13 / Ce 170-210 / Cs 180-190 / Co 220-270 / Cs 340-370

L13 / Cs 200-220, 340-370 / Ce 210-240 / Co 230-260

De / Ce 90-200 / Co 150-190 / Cs 330-370

Sk / Ce 60-240 / Cs 310-350, 500-540, 350-390

Sa / Ce 80-260, 300-330 / Cs 350-440

De / Cs 60-100, 270-450 / Ce 90-150, 300-330 / Cs 380-430, 550-670

Sk / Ce 120-280 / Cs 260-430, 380-440, 550-680

De / Ce 160-340 / Cs 380-400, 410-470

Sk / Ce 110-310 / Cs 330-350, 410-480, 630-680

Dc / Cs 100-110 / Ce 190-310 / Cs 420-480

De / Ce 230-310, 380-400 / Cs 420-440, 610-650 / Sm 470-480

Sk / Ce 200-250, 330-350 / Sm 460-580 / Cs 620-650

Gs / Co 210-230 / Ce 250-270 / Sm 4450-560 / Cs 650-700

De / Ce 180-190, 300-340 / Co 200-230 / Sm 490-560 / Cs 660-710

Mp / Co 40-60, 200-220 / Cs 460-500 / Sm 480-600 / Cs 650-700

Sk / Co 20-40, 200-220 / Cs 440-580 / Sm 520-600

Sk / Cs 140-150, 440-560 / Sm 560-600

Dc / Cs 480-590 / Sm 540-580

Dc / Cs 310-330 450-570 / Sm 530-650 / Ol 670-730

Dc / Co 20-30 / Cs 300-330, 430-550 / Sm 530-650 / Cs 670-720

As / Cs 410-530 / Sm 490-640

Ar / Cs 380-530 / Sm 500-650

As / Cs 140-160, 420-530 / Sm 500-630

Dc / Cs 410-530 / Sm 520-630

Dc / Cs 420-560 / Sm 520-560

Dc / Cs 440-580 / Sm 520-560

Dc / Cs 440-590

Ar / Cs 430-590 / Sm 540-570

Dc / Cs 420-580 / Sm 560-590

Dc / Cs 420-620

Dc / Cs 380-600 / Sm 570-590

Dc / Cs 320-590 / Sm 490-520 / Ol 590-630

Sm / Co 200-210 / Cs 400-570 / Ol 590-640

Dc / Co 210-220 / Cs 310-560

Dc/ Co 180-240 / Ce 270-290 / Cs 310-390

Dc / Co 150-220 / Ce 240-290 / Cs 290-350 / Ol 630-680

Dc / Co 140-160 / Cs 260-330, 420-460 / Sm 310-330 / Ol 630-680

As / Co 160-200 / Cs 260-350 / Sm 320-350 / Ol 650-670

Js / Co 60-80, 200-250 / Af 150-170 / Ce 280-310 / Cs 290-320 / Ol 650-710

Bm / Af 120-150, 320-330 / Co 130-150, 200-260 / Ce 300-330 / Sm 330-350

Bm / Co 90-120, 180-230 / Ce 300-360 / Af 310-330 / Ol 640-700

L14 / Ce 200-330 / Sm 360-400 / Ol 640-690

Ag / Co 90-150 / Ce 230-330 / Sm 410-450

Bm / Co 100-150 / Ce 210-310/ Af 290-310 / Sm 410-440 / Ol 650-720

Ag / Co 90-140, 250-280 / Ce 220-280 / Af 300-320 / Sm 400-450 / Ol 650-720

Ag / Co 70-150, 260-280 / Ce 260-290 / Af 280-310 / Sm 420-450 / Ol 650-700

Js / Co 80-310, 330-360 / Af 280-310 / Sm 400-450 / Ol 650-700

Ag / Co 90-300 / Sm 320-380, 420-450
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1620 Sk / Co 90-300 / Ce 260-280 / Sm 320-350, 400-420

1640 Bm / Co 190-300 / Ce 250-280 / Af 260-290 / Sm 320-380

1660 Oh? / Tn 40-50 / Co 170-300 / Cs 300-320 / Sm 330-360

1680 Ag / Tn 50-60 / Co 220-340 / Ce 250-270 / Sm 340-380

1700 Sk / Co 240-310 / Ce 280-300 / Cs 280-340 / Sm 320-420

1720 Ag / Co 240-320 / Cs 280-340 / Sm 320-400

1740 Sk / Co 220-280 / Cs 260-350 / Sm 290-400

1760 Bm / Sm 140-150, 380-410 / Co 230-260 / Cs 260-290

1780 Bm / Sm 140-150 / Co 230-270 / Cs 270-310

1800 Rh? / Co 230-260 / Cs 260-300 / Sm 320-340

1820 Bm / Co 230-250 / Sm 320-340

1840 Bm / Sc 50-60

1860 Bm

1880 Bm

1900 Rh?

1920 Rh?

1940 Rh? / Rn 40-50

1960 Pm / Rn 40-70

1980 Sp / Rn 50-60

2000 Bm

2020 Tt

2040 Bd

2060 Bm

2080 Bd

2100 Bm

2120 Sp

2140 Bd

2160 Bd

2180 Bd

2200 Sp
2220 Pm

2240 Bm

2260 Pm

2280 Bd

2300 Bd

2320 Bd

2340 Bd

2360 Bd

2380 Sp
2400 Bd

2420 Bd

2440 Pm

2460 Tt

2480 Bd

2500 Tt
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Bare_Soil(t) = Bare_Soil(t - dt) + (GtoBS + MTtoBS)
*

dt

I NIT Bare_Soil = 0

INFLOWS

<g> GtoBS = Grass_Savanna*(0 5-Productivity2)-Bare_Soil*Productivity2

•*§?> MTtoBS = 0 r(1-Productivity2)*Micro_Thicket-Productivity2*Bare_Soil*0 00001
I I Biomass(t) = Biomass(t - dt) + (inB - outB)

*

dt

INIT Biomass = 0 75

DOCUMENT Biomass and necromass of the grass savanna Range 0 to 1 (100% of the maximum

value)

INFLOWS

^ inB = Productivity 1*Biomass*(1 -Biomass)
DOCUMENT Biomass and necromass production of the grass savanna (arbitrary unit

between 0 and 1, per year)

OUTFLOWS

^r" outB = Biomass*(Grazing+Early_Fire+Late_Fire)/3
DOCUMENT Destruction of biomass and necromass of the grass savanna by fire and

grazing (arbitrary unit between 0 and 1, per year)

Forest(t) = Forest(t - dt) + (TtoF + GtoF)
*

dt

INIT Forest = 17

DOCUMENT Percentage cover of forest (more than 2500 sqm patches)

INFLOWS

«cf TtoF = 0 02*Fusion_T*Thicket*Productivity2-Forest*0 001*Browsing

<§> GtoF =

(100*C*2*SQRT(PI)*SQRT(20000)*Number_F/Total_Area)*Productivity2-Forest*Browsing*0
01

Grass_Savanna(t) = Grass_Savanna(t - dt) + (- GtoMT - GtoT - GtoF - GtoBS)
*

dt

INIT Grass_Savanna = G_&_SB_mit*(1-Stony_Blocks_tot)

DOCUMENT Percentage cover of grass savanna (except stony blocks)

OUTFLOWS

<g> GtoMT =

100*C*2*SQRT(PI)*SQRT(10)*Number_MTyTotal_Area+Grass_Savanna*(0 00001+0 05*Ter

mite_Mounds)*Productivity2-Micro_Thicket*Browsmg*0 5

<g> GtoT =

(100*C*2*SQRT(PI)*SQRT(1000)*Number_T/Total_Area)*Productivity2-Thicket*Browsing*0
01

«g> GtoF =

(100*C*2*SQRT(PI)*SQRT(20000)*Number_FrTotal_Area)*Productivity2-Forest*Browsing*0
01

•*§?> GtoBS = Grass_Savanna*(0 5-Productivity2)-Bare_Soil*Productivity2

Micro_Thicket(t) = Micro_Thicket(t - dt) + (GtoMT + SBtoMT - MTtoT - MTtoBS)
* dt

INIT Micro_Thicket = 05

DOCUMENT Percentage cover of micro-thickets (under 40 sqm patches)
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INFLOWS:

«§> GtoMT =

100*C*2-SQRT(PI)-SQRT(10)*Number_MT/Total_Area+Grass_Savanna*(0.00001+0.05*Ter

mite_Mounds)*Productivity2-Micro_Thicket*Browsing*0.5

<3> SBtoMT =

0.02*Stony_Blocks*Productivity2-Micro_Thicket*Browsing*(1-Stony_Blocks/Stony_Blocks_tot
)

OUTFLOWS:

*cjf MTtoT = Fusion_MT*Micro_Thicket*Productivity2-Thicket*0.01 'Browsing

*g MTtoBS = 0.1 *(1 -Productivity2)*MicroJThicket-Productivity2*Bare_Soil*0.00001
I I Stony_Blocks(t) = Stony_Blocks(t - dt) + (- SBtoMT)

*

dt

INIT Stony_Blocks = Stony_Blocks_tot*G_&_SB_init

DOCUMENT: Percentage cover of stony blocks in the grass savanna area

OUTFLOWS:

<§> SBtoMT =

0.02*Stony_Blocks*Productivity2-Micro_Thicket*Browsing*(1-Stony_Blocks/Stony_Blocks_tot
)

Thicket(t) = Thickest - dt) + (MTtoT + GtoT - TtoF)
*

dt

INIT Thicket = 13

DOCUMENT: Percentage cover of large thickets (between 40 and 2500 sqm patches)

INFLOWS:

<g> MTtoT = Fusion_MT*Micro_Thicket*Productivity2-Thicket*0.01'Browsing

<3> GtoT =

(100*C*2*SQRT(PI)*SQRT(1000)*Number_T/Total_Area)*Productivity2-Thicket*Browsing*0.
01

OUTFLOWS:

<§> TtoF = 0.02*Fusion_T*Thicket*Productivity2-Forest*0.001'Browsing

O C = IF(Early_Fire>0) then (0.06-Fire_Effect) else (if(Late_Fire>0) then (-0.205-Fire_Effect) else (0.2);

O Early_Fire =

PULSE(Fire_Spreading*Fire_lntensity,First_Early_Fire,NORMAL(Early_Fire_Period,Early_Fire_Peri

od'Stochasticity))
DOCUMENT: Early fires, depending on their intensity, period and spreading (between 0 and 1)

O Early_Fire_Period = 1.5

DOCUMENT: Period of the early fires (years)

O Fire_Effect = 0.1*Fire_lntensity*Fire_Spreading-0.05

O First_Early_Fire = 1

DOCUMENT: Year of the first early fire

O First_Late_Fire = 2

DOCUMENT: Year of the first late fire

O Fusion_MT = Micro_Thicket/(100.1-Micro_Thicket-Thicket-Forest)

O Fusion_T = Thicket/( 100.1-Thicket-MicroJThicket-Forest)

O G&SB = Grass_Savanna+Stony_Blocks

O G_&_SB_init = 69.5
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O Late_Fire = if(Early_Fire>0) then 0 else

PULSE(Fire_Spreading*Fire_lntensity,First_Late_Fire,NORMAL(Late_Fire_Penod,Late_Fire_Period
'Stochasticity))
DOCUMENT Late fires, depending on their intensity, period and spreading (between 0 and 1) A lati

fire cannot occur if an early fire occurs the same year

O Late_Fire_Penod = 25

DOCUMENT Period of the late fires (years)

O Mean_Rainfall = 800

O Number_F = Total_Area*Forest/20000/100

O Number_MT = Total_Area*Micro_Thicket/10/100

O Number_T = Total_Area*Thicket/1000/100

O Rainfall = NORMAL(Mean_Rainfall,Mean_Rainfall*Stochasticity/8)
DOCUMENT Rainfall (mm)

O Stochasticity = 05

O Stony_Blocks_tot = 0 03

DOCUMENT Percentage of stony blocks in the total area

O Termite_Mounds = 0 05

DOCUMENT Relative cover of termite mounds inside grassland area (between 0 and 1 )

O Total_Area = 100000

O Total_Cover = Forest+Grass_Savanna+Micro_Thicket+Stony_Blocks+Thicket+Bare_Soil
0 Browsing = GRAPH(time)

(0 00, 0 4), (10 0, 0 4), (20 0, 0 4), (30 0, 0 4), (40 0 0 4), (50 0, 0 4), (60 0, 0 4), (70 0, 0 4), (80 0,
0 4), (90 0,0 4), (100, 0 4)
DOCUMENT Browsing by elephants (between 0 and 1 )

0 Firejntensity = GRAPH(Biomass)

(0 00, 0 00), (01,0015), (0 2, 0 045), (0 3, 0 095), (04,019), (05 0 5), (0 6, 0 72), (0 7, 0 855),
(0 8,0 93), (0 9, 0 975), (1, 1 00)
DOCUMENT Fire maximum intensity, depends on grass biomass

0 Fire_Spreading = GRAPH(Grass_Savanna)
(0 00, 0 00), (10 0, 0 00), (20 0, 0 00), (30 0, 0 5), (40 0, 1 00), (50 0, 1 00), (60 0, 1 00), (70 0, 1 00),
(80 0, 1 00), (90 0, 1 00), (100, 1 00)

0 Grazing = GRAPH(time)

(0 00, 0 4), (20 0, 0 4), (40 0, 0 4), (60 0, 0 4), (80 0, 0 4), (100, 0 4), (120, 0 4), (140, 0 4), (160, 0 4)

(180, 0 4), (200, 0 4)
DOCUMENT Grazing by various herbivorous (between 0 and 1 )

0 Productivity! = GRAPH(Rainfail)

(0 00, 0 00), (118, 0 00), (236, 0 00), (355, 0 025), (473, 0 105), (591, 0 225), (709, 0 405), (827,
0 61), (945, 0 82), (1064, 0 955), (1182, 1 00), (1300, 1 00)
DOCUMENT Productivity of grass depends on rainfall

0 Productivity2 = GRAPH(Ramfall)
(0 00, 0 00), (118, 0 00), (236, 0 00), (355, 0 00), (473, 0 495), (591, 1 00), (709, 1 00), (827, 1 00),

(945, 1 00), (1064, 1 00), (1182, 1 00), (1300, 1 00)
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