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Abstract 

Ecology and conservation status of Acacia senegal in the rangelands of Luwero and Nakasongola Districts were assessed 
between November 2002 and February 2003. Sixty plots measuring 50 x 50 m were laid at 50 m intervals along six 1,000 m 
transects, and the diameter at breast height (DBH), of Acacia .fellegal trees measured. Each tree was visually assessed for 
physical damages as health indicators. Maturity class, terrain types and other trees growing together with Acacia senegal 
were identified and recorded. A structured questionnaire and interviews were used to collect data on the constr11ints and 
opportunities of conserving and managing Acacia Senegal. Data on the population structure, maturity class and stock 
density of Acacia senegal were analysed using MINITAB and DECORANA. The population structure of Acacia setiegal 
trees was unbalanced, with only 24% young trees (DBH < 8 em). Sixty five percent of trees were old (DBH > 8 em) and 84% 
physically damaged. Hills bad significantly (P < 0.05) higher tree density than plains and streams. Thirty-two tree species 
were recorded growing together with Acacia senegal in the rangelands and the most common were Acacia mel/ifera, Acacia 
hockii, Acacia seyaf, Combretum collillum and Conrhretum mol/e. Grazing livestock, bush fires, land tenure, tree tenure, 
pests and diseases were the major challenges to conservation of Acacia senegal in the rangelands. Collaborative conservation 
and management plan should be developed to conserve the species. Impacts of livestock grazing, settlement and farming 
on regeneration of Acacia senegal should be assessed before developing strategies for management and conservation. 
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Introduction 

Conservation of forests and woodlands is important 
because of human destruction and over exploitation 
(Adams et al., 1992; Opio-Odongo, 1998). Loss of 
populations and individuals within species due to human· 
induced forces (FAO, 1996,) often result in loss of genetic 
diversity upon which productivity, ecosystem stability, 
long-term survival and evolution depend (Bunyan, 1981; 
Namkoong, 1986). Acacia seneg al, a promising 
agroforestry multi-purpose tree species in Uganda, is faced 
with these problems. Smith and Goodman ( 1986), Belsky et 
a!. ( 1989) and Milton and Dean ( 199 5) have reported that 
acacia trees play a major role in structuring associated 
plant communities by modifying solar radiation, soil 
moisture and nutrient concentrations available to 
understorey plants. Acacia trees also affect the distribution 
and abundance of animal species by providing resources 
and services including shade, shelter, nesting sites, 
observation posts and specialized food or prey items 

(Shalmon, 1981 ; Dean and Milton, 1988; Greenberg eJ a/., 
1997; Kruger and McGavin, 1998; Dean ei al., 1999). 
The trees function as 'keystone species' in the arid and 
semi-arid regions of Africa and the Middle East. Changes 
in the abundance of Acacia population in these regions 
may alter the ecosystem functioning and biodiversity 
(Milton and Dean, 1995; Ward and R~hner, 1997, Dean et 
a/. , 1999). The species whose population structure is little 
known extends over a wide ecological range that differs in 
rainfall, soil and altitude (Cossalter, 1991 ). Studies carr.ied 
out on Acacia senegal have been limited to provenaces 
and morphological characteristics (Cossalter, 1991 ). There 
is a need to establish the population structure and health 
status and develop co!'lservation measures and maintain 
optimum breeding populations (Haines, 1994). The 
objectives of this study were (I) determine the population 
structure of A. senegal in the rangelands {2) detennine the 
health status of A. senegal trees {3) assess the stocking 
density of A. senegal in relation to topographic gradient 
and ( 4) identity the challenges of conserving A. senegal in 
the rangelands. 
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Study area 
The study area, formerly Lu vvero district before 
Nakasongola gained a district status, borders '..vith the 
districts of Masindi in the northeast, Kiboga in the west, 
Mukono in east and Mpigi to the south (NEMA, 1 997). To 
the north are Apac and Lira districts. The area covers 
9,204.0 km2 representing 3.81 %of the country's total and 
surface. Of these, about 240.2 km2 is open water, which is 
equivalentof2.61 %of the district's land area {NEMA, 1997). 
The largest part of the dist ricts is under lain by 
metamorphic rocks oftbe pre-cambrian origin (Omoding, 
1994 ). The soils are not uniform and consists mainly of 
Buruli catena to the nmih and Lwampanga catena in the 
low-lying areas and valleys (Omoding, 1994, Parker eta!., 
1967). Hilly uplands dominate the southern part and ancient 
granitic rocks rise up in the north. Wide interlocking valleys 
break up the low bills in the central region. 
The climate of the area is considerably modified by relief. 
The mean diurnal maximum temperatures range from 18 °C 
to 35 °C while the minimum diurnal range is from 8 °C and 
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25 oc (Omoding, 1994, Parker et al , 1967). Much of the area 
receives 1,000-1 ,250 mm of rain per annum. The soutl1ern 
part, especially Bamunanika and Katikamu counties, 
receives more than 1,250 mm and has two rain seasons: 
April-May and October-November. The vegetation types 
are forest/savanna mosaic (excess of I ,250 mm of rainfall 
per year), moist combretum woodland ( 1,125 - 1,250 mm 
rainfall per year), dry combretum (less than 1,125 mm of 
rainfall per year), grass savanna (l ,OOO mm of rainfall), 
seasonally flooded grass swamps (2009.3 krn1 oftbe two 
districts), permanently flooded swamps (412.2 km2 of the 
districts) and post-cultivation vegetation (Forest 
Department, 1995; NEMA, 1997). 

The Baganda, Baruli, Banyarwanda, Banyankole, 
Bahima and the Bakiga are the dominant tribes. Crop 
production, animal husbandry and charcoal production for 
sale in Kampala are the major economic activities in the 
districts with devastating effects on the savanna 
woodlands. Bee keeping and honey production are also 
common (NEMA, 1997). 
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Figure 1. Mapofthestudy area. 

Diameter distribution 
Figure 2 shows the distribution of Acacia senegal in the 
rangelands based on 377 trees recorded as alive. There 
was an inverse DBH distribution of Acacia senegal. The 
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population comprised mainly of trees in bigger diameter 
class (DBH = 8 em) while smaller diameter trees (DBH < 8 
em) were few. 



42 
Jacob Godfrey Agea, et aL 

Fig11re 2. Distributio11 of Acacia senegal in the ra11gela11tb· 
of Luwero and Nakasongola districts. 
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Maturity size class 
Figure 3 shows the maturity size class of Acacia senegal 
trees. A total of 412 trees were recorded as live standing 
trees, freshly cut or dead. These included seedlings and 
saplings whose heights were below 1.3 m. Thirty five percent 
of the t~ees were over-mature (DBH >14 em), 30% were 
mature(8cm=DBH = 14 cm), 24%wereyoung(DBH < 8 
cm)and II% were dead trees. Most of the trees (65%) were 

Figure 3. Maturity size class/tree condition of Acacia 
se11egal. 
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old and few (24%) were young (trees with DBH < 8 em, 
seedlings and saplings). 

Physical damage to trees 
A total of377 Acacia senegal trees were alive. Eighty four 
percent of these were physically damaged and considered 
unhealthy. Acacia senegal trees that had dead branches 

and stems, cracked bark, cavities or signs of decay are 
presented in Table I. 

Table 1. Physical aberrations indicating tree health 

Tree physical aberrations 

Dead branches and stems 
Cracks in bark 
Cavities 
Sign of decay 

Stocking density of Acacia senegal 

Mean % 

61 ' 
24 
10 
05 

Table 2 shows the stocking density of Acacia senegal in 
the rangelands. Plains had the lowest stocking density (6 
stems ha·1

) while hills had the highest stocking densi ty (11 

stems ha-1). 

Table 2. Stocking density of Acacia senegal in the 
rangelands 

Terrain types Stocking density (stems ha-1} 

Hills 
Plains 
Dry streams 

Mean stocking density = 8 stems ha·1 

11 
06 
08 

DECORANA ordination of stocking density of Acacia 
senegal and terrain types in the rangelands (Eigenvalues: 
Axis I = 0.772; Axis 2 = 0.510) shows that 77.2% of the 
variation in stocking densities in relation terrain types is 
explained by axis I, where the hilly terrains contributed a 
value of 0.38 (Figure 4). The high eigenvalues indicate 
wide variations in the stocking density of Acacia senegal 
in the different terrain types. Analysis of variance showed 
significant differences (F = 1.639, P = 0.043) in the stocking 
density between the three terrain types (Table 3). Acacia 
senegal trees on plains and the dry streams were scattered. 

Figure 4. DECO RAN A ordination of stocking density of 
Acacia senegal and terrain types in the rangelands of 
Luwero and Nakasongo{a Districts based on 60 samples. 
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Table 3. Analysis of variance of the stocking density of 
Acacia senegal 

Source SS Df MS F P-value 
Terrain types 47.21 2 23.605 1.639 0.043 
Error 2548.18 177 14.396 

Total 2595.39 179 

Tree species occurring together with Acacia senegal in 
the rangelands 
Thirty-two species were recorded growing together with 
Acocia senegal trees in the rangelands (Table 4). Acacia 
mellifera, Acacia hockii, Acacia seyal. Combretum 
collinum and Combretum molle were the most common 
s pecies recorded. Anona senegalensis, Balanites 
orbicularies, Borassus aethiopum, Carissa edulis, Ficus 
exasperata, Kigelia africana, Milicia excelsa, Schinus 
mulle and Vitex doniana were, less common. 

Table 4. Tree species growing together with Acacia 
senegal in the sample plots. 

Species 

Acacia gerradii 
Acacia hockii 
Acacia mellifera 
Acacia senegal 
Acacia seyal 
Acacia sieberiana 
Acacia forti/is 
Albizia coriaria 
Albizia glaberrima 
Anona senegalensis 
Balanites orbicularies 
Borassus aethiopum 
Carissa edulis 
Combretum collinum 
Combretum fragans 
Combretum molle 
Commiphora africana 
EfYlhrina abyssinica 
Euphorbia candelabrum 
Euphorbia candelabrum 
Ficus exasperata 
Ficus natalensis 
Ficus sycomoros 
Grewia mol/is 
Kigelia afrcana 
Mangifera indica 
Milicia excelsa 
Phoenix rectinata 
Schinus molle 
Tamarindus indica 
Vitex doniana 
Ziziphus abyssinica 

Frequency 

11 
30 
54 
63 
26 
11 
4 
2 

1 
26 
6 
30 
14 
2 

2 
6 

2 
2 
3 

2 
1 
2 

13 
1 
8 

Challenges of conserving Acacia senegal 
The challenges of managing Acacia senegal both in the 
rangelands and on individual land are given in Table 5. 
About 35% of the respondents said that grazing is one of 
the major challenges in the management of the tree species 
both in the rangelands and on farms. Other challenges 
were pests and diseases (33%), bush fires 27%, land and 
tree tenure (31%) and harsh climatic conditions ( 1 0% ). 

Table 5. Challenges of conserving Acacia senegal 
in the rangelands (N:;184) 

Challenges (%) 

.Grazing animals 35 

.Pest and diseases 33 

.Land and tree tenure 31 

.Bush fires 27 

.Others (harsh climate, lack of planting materials)10 

Discussion 

Population structure of Acacia senegal 
The population of Acacia senegal in the rangelands 
comprised mainly trees with large diameters and less 
representation of poles, saplings and seedlings. This is 
characteristic of a heavily browsed tree population 
structure (Caughley, 1976). A population, whose 
regeneration has been temporarily interrupted through 
excessive harvesting of fruits or seeds, trampling of 
seedlings, or lack of pollinators or dispersal agents tend to 
be dominated by larger diameter trees (Peters, 1996). 

In Luwero and Nakasongola rangelands, respondents 
said that Acacia senegal trees including poles, saplings 
and seedlings are heavily browsed, tramp led and damaged 
by bush tires. The population of the \\-;es~nd-. (cattle, goats 
and sheep) in Uganda is estimated~ .· .lave increased from 
10440 to 17983 from l 990 to 2000; and this number is 
expected to double by 20 1 0 (MAAIF, 2000). Over 80% of 
the livestock are reared on the rangelands (Kisamba­
Mugerwa, 2001). Young Acacia senegal trees are good 
fodder. Studies carried out elsewhere (Obeid and Seif El 
Din, 1970) have shown that regeneration of Acacia senegal 
can be adverselv affected by browsing. The results of this 
study compare ~losely with findings by Dewitt (1994), who 
reported that livestock affect the health and productivity 
of woodlands by damaging seedlings and saplings. Slender 
young trees, which are the next generation of the 
woodlands, are usually at the right size and height (» 1. 3 
m) to be eaten and destroyed by livestock. Cattle and goats 
often strip foliage and bark from the trees and trample and 
break the stems. 

Weyerhaeuser ( 1985) reported that elephants and other 
browsers kill smaller(< 20 em DBH) Adansonia digitata 
trees and the degree of elephant damage decreases linearly 
with increasing stem diameter. Wilson ( 1988) disputed the 
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importance of browsers in causing the absence of young 
stems in tree populations. Absence of young stems are 
attributed to long-term effect of drought and farming. The 
population structure of Acacia senegal that has fewer 
representations of smaller diameter, negatively affects long­
term conservation of species. 

Physical damage to Acacia trees 
Tree health is a useful parameter attracting attention to 
management problems and finding socially desired 
solutions. A healthy tree population is generally 
sustainable; capable of meeting the ecological, economic, 
and soc ially- determined needs and aspirations of the 
present without compromising the ability to meet fut ure 
needs. Many factors affect tree health in rangelands, 
including natural and human-caused disturbances and 
variations in climate. Trees weakened by moisture stress 
are susceptible to insects, diseases and wildfires (Sabiiti, 
l988). All these risks can be reduced through proper 
management. Otherwise, all ecological, economic, and 
social values associated with trees and forests are at high 
risk. 

information on health of many rangeland and woodland 
trees including Acacia senegal is however, scanty. It was 
observed that many Acacia senegal trees were physically 
damaged, indicating that the population of Acacia senegal 
trees in the rangelands could be at risk of extinction. Of the 
physical aberrations observed, dead branches and stems 
seemed very common. Though the causes of the tree health 
conditions are complex (Agee, 1994 ), bush fires experienced 
during the dry seasons and the grazing livestock are 
assumed to be the major causes oftbe physical tree damage 
(decay, cracks, cavities and dead branches and stems). 
Young trees are especially vulnerable to fire (Hall, 1976). 
They are killed, wounded or stressed thereby increasing 
their susceptibility to attack by insects and diseases. 
Livestock and other herbivores physically destroy 
vegetation (Heitschmidt, 1990). The direct impacts are 
related to the destruction of tissue as a result of trampling 
and browsing (Klenunendson, 1977). The large proportion 
of Acacia senegal trees with broken branches and stems 
observed in this study were mainly as a result ofbrowsing 
by livestock. 

Stocking density of Acacitt senegal and its relationship 
to topography 
Generally, the stocking of Acacia senegal in the rangelands 
was low due to over grazing, frequent fires, drought and 
cutting for fuelwood by the local communities. The fanners 
practice communal grazing, depend on natural pasture and 
keep many animals beyond the carrying capacity of the 
area (Kisamba-Mugerwa, 2001). They do not practice 
proper pasture management, which results in overgrazing. 
Extensive degradation of the rangelands occurs along 
livestock routes, watering points and settled areas. These 
sites experience high concentrations of livestock during 
most parts of the year resulting in overgrazing and trampling 
of vegetation rendering the surfaces of these areas bare. 

Roques et a/. (200 1) attributed low shrub densities to the 
effects offrequentfires, drought and high grazing/browsing 
pressures, which are consistent with the findings of this 
study. 

From results of ordination and analysis of variance, 
the stock ing of Acacia senegal in the range land is 
influenced by terrain type. Hilly terrain received high 
loading on axis 2 meaning higher stocking density. The 
preference for hilly terrain may relate to topographic and 
soil factors. Lind and Morrison ( 1974) indicated that while 
large plant fom1ations are 'influenced by climate, differences 
in plant communities are attributable mainly to topographic 
and soil conditions. Hills generally support soils that are 
coarse in texture and well drained and thus suitable for the 
growth of the species and are rarely grazed by livestock 
except in the dry seasons. Such areas would therefore have 
minimum disturbance of the vegetation due to browsing 
and grazing. Plains and dry streams, however, represent 
areas where human settlement and fanning are rather intense 
and have on average low stocking density. Earlier studies 
have shown that in settled areas, trees and shrubs are cut 
for making homesteads, livestock enclosures and fue l wood 
(Egadu, 2002; and Lusigi eJ aL, 1986). 

Chikamai eta!. (1995) found a similar pattern of 
distribution of Acacia senegal with respect to the 
topography. They observed higher densities on the hills 
than along the luggas and plains. FAO (197 1) in the 
classification of vegetation based on geomorphological 
features also found that Acacia senegal was an indicator 
species for basement hills and ridges in Isiolo District, 
Kenya 

Trees species associated with Acacia senegal 
Many tree species were found growing together with 
Acacia senegal. Some of them like Acacia mellifera form a 
big component of dry land agroforestry systems. It is valued 
for fuelwood, mulch, bee forage, nitrogen fi xation, soil 
conservation and fodder (Katende, I 995). Tree species 
generally depend on one another for survivaL The 
seedlings of different species in the tree community tend 
to ~:,rrow in particular soil conditions created by the presence 
of other species (Otike, 1998). Some species form a 'club' 
that excludes other species and increase the reproductive 
success of all its members (Belsky eta/., 1989; Otike, 199S). 
If one species in the community produces a chemical that 
other plants need, then another may produce a noxious 
chemical that keeps insect herbivores away from all of them. 

The occurrence of many tree species with Acacia 
senegal in the rangelands of Luwero and Nakasongola 
appears to indicate ecological links. Acacia senegal could 
have co-evolved with these other tree species over time 
and benefited from each other. Many birds whose nests 
were observed on Acacia senegal trees could act as 
pollinators and seed dispersers of other trees. Any 
conservation ·effort aimed at protecting Acacia senegal 
would therefore, benefit other tree species and biodiversity 
in general. 
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Conclusions and recommendations 

The survival of Acacia senegal trees in the rangelands of 
Luwero and Nakasongola districts is a case for concern. 
The population structure is unbalanced, with 24% young 
trees. A number of trees are physically damaged although 
!he threat of such damages to overall health is not known. 
The stocking density varies with topography (terrain 
types), with higher densities found on the hills than the 
plains and dry streams. Acacia .~enegal grows in 
association with many other tree species and the most 
common are A. mellifera. A. hockii, A. seyal, Combretum 
collinum and Combretum mol/e. Grazing, pests and 
diseases, bush fires, fuclwood collection and charcoal, are 
the major conservation threats of A. senegal in the 
rangelands. 

Community-based conservat ion and management 
should be encouraged if the species is to be protected . 
Livestock grazing, settlement and changes in the farming 
system that affect the regeneration of Acacia senegal 
should be assessed before developing strategies for 
management and conservation. Research should also be 
conducted to determine the extent to which physical 
damages affect the health and survival of A .. ~enegal. 
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