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Introduction

A looming disaster that has been poorly reported and at times neglected is the loss of biodiversity 
across the East African dry forests and rangelands. The biodiversity of dry lands  offers 
tremendous socio-economic and environmental benefits to society. These include the provision 
of direct goods and services such as foods, medicines, timber, fuelwood, tourism and indirect 
services such as climate regulation, water catchment protection and soil conservation. Inevitably 
the decline and loss of this biodiversity has ultimately led to certain societal disasters (Rejmanek, 
1995; Pimentel, 2002; Mooney et al., 2003). Biodiversity loss, particularly the decline of 
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plants, has been associated with deforestation, land degradation, climate change effects and 
spread of invasive alien species. Some of these invasive species have caused considerable disasters 
in East African dry forests and rangelands (Wakibara & Mnaya, 2002; Pasiecznik et al., 2006; 
Kenya Law Report, 2007a; IUCN, 2010). The United Nation Environmental Programme 
(UNEP) estimates that alien invasive species cost the global economy an annual US $1.4 
trillion. In Africa limited studies have been done to quantify the cost of invasive plants species. 
However, studies in South Africa alone show the country spends over $60 million annually to 
eradicate invasive plants (Enviro-Conserve, 2010).  

Like many areas globally, invasive species in the dry forests and rangelands (which are hereafter 
jointly referred to as drylands) of East Africa have been introduced both intentionally and 
accidentally and are damaging the natural and man-made ecosystems. In East Africa, and 
particularly Kenya, pastoralists have been adversely affected and disasters registered in many 
communities. For instance, in 2006, following the heavy livestock losses caused by the invasive 
plant Prosopis juliflora or Mesquite, communities of Baringo, Kenya, instituted a constitutional 
case against the government of Kenya for introducing Mesquite in their environment (Kenya 
Law Report, 2007b). The communities pointed out a pack of disasters that befell them as a 
result of the mesquite tree (Kenya Law Report, 2007b). These include the lack of water around 
Lake Baringo due to the colonisation of mesquite on the lake shores and human diseases such 
as asthma, lung inflammation and allergies. 

Invasive plant invasion is a man-made and slow onset disaster (SOD) that is least noticed, often 
forgotten and neglected. Several reasons are given as to why disasters caused by invasive plant 
species are often neglected. These include the fact that the disaster-impacts arising from invasive 
plants are often considered not high enough to attract the attention of the media and disaster 
managers. Another factor is that disasters of invasive plants are often misunderstood (Pasiecznik 
et al., 2006). As such they are among the neglected and under-reported disasters (Pidot, 2005; 
Krueger, 2007; Wisner & Gaillard, 2009). This paper reports on the invasive wood plant 
species found in the drylands of Kenya and Tanzania and looks at their disaster-impacts. It 
explores the process of invasion, particularly the opportunities that facilitate invasion and in 
doing so seeks to understand and thus “reduce the underlying risk factor” as pointed by the 
Hyogo Framework for Action priority 4. Coupled to the latter, the paper further suggests 
disaster risk reduction (DRR) strategies that will limit invasions and their associated disasters.

Research methodology
The study was undertaken in two regions of East Africa. These were in the drylands of northern 
Kenya in an area called the Baringo District and in the Morogoro area of Central Tanzania. 
Within the Baringo district, the study was largely confined to the Marigat Division, which 
covers an area of 1,276 km2 between latitudes 0020’N and 0044’N and longitudes 35057’E and 
36012’E. In Tanzania the study was confined to the Morogoro Region of latitudes 6034’S and 
6045’S and longitudes 37053’E and 38004’E. Although in different countries, these study areas 
have similar socio-economic and environmental characteristics that include low incomes, 
prevalent poverty, pastoralism and poor natural resource management that has led to increased 
environmental degradation such as deforestation, invasive species and soil erosion. It is the 
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prevalence of these factors and their close link to invasive plant species that led to the choice of 
these study sites.

In both study areas primary and secondary data sources were used. Primary data largely involved 
field surveys in the areas where invasive species were prevalent. A list of woody plant species in 
these drylands was compiled focusing on those species whose quantities or population had 
increased by over 75% during the past three decades, and which were thus suspected to be 
highly invasive. The basis of determing plants that had greatly increased in population was 
established by comparing current records of the plant population with similar old records 
existing in the areas in the mid-1980s. For the Baringo area in Kenya, these records were 
available from the Kenya Forestry Research Institute and the Kenya Forestry Service. For the 
Morogoro area (Tanzania), records were obtained from the archives of the Ministry of 
Environment and Natural Resources and the Faculty of Forestry at the Sokoine University of 
Agriculture - both institutions are based in the Morogoro region and are active in dryland 
forest management. This information was compared with that obtained from inhabitants of 
the two regions who had lived there and had knowledge of the region from the 1980s. In both 
cases the inhabitants involved were local village elders and questionnaire interviews were used 
to obtain the information. The questionnaires sought information on the occurrences of 
invasive plants and their disaster-impacts. This was compared with data collected in the field 
survey and from forestry records earlier mentioned (i.e. secondary data). A checklist of species 
in the two study areas was developed and their disaster-impacts compared.

Findings
Invasive woody species in Kenyan and Tanzanian drylands and their disaster effects

Only limited studies have been done on invasive species in Africa. The Invasive Woody Plant 
Database (with over 5000 publications on species invasiveness) has only 6% referring to 
tropical Africa. Of the few reports and studies done in East Africa, Lantana camara (commonly 
referred to as Lantana) is the most widely distributed invader (Table 1). Eight species considered 
invasives were found to be common to both the drylands of Kenya and Tanzania (Table 1). The 
most common were Psidium guajava (Guava tree), Prosopis juliflora (Mesquite), Opuntia ficus 
indica (Prickly pear cactus) and Lantana camara (Lantana). The driest parts of East Africa have 
the least number of reports despite covering the largest area (Binggeli et al., 1998). 

In both Kenya and Tanzania there is a plethora of laws governing the management of invasive 
species. Among the key laws in Kenya are the Environmental Management and Coordination 
Act (EMCA), the Seeds and Plant Variety Act, the Agricultural Produce Act and the Plant 
Protection Act which are largely implemented through the National Environmental 
Management Authority (NEMA). In Tanzania there are the Forest Act No. 14 of 2002, the 
Plant Protection Act of 1997, the National Disaster Management Policy of 2004 and the 
Environmental Management Act No. 20 of 2004 that are mainly administered via the Ministry 
of Environment and Natural Resources (MENR). Despite these laws and institutions, the 
invasion of plant species continues to be a threat and key contributor to environmental disasters 
in the drylands. The occurrence of invasives is mainly the result of the unauthorised and poorly 
planned introduction and movement of plant materials.
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In Kenyan drylands the major reported invader is Mesquite. This is one of the most widespread 
dryland invasive species in north and east Africa, having already invaded 500 000 and 700 000 
hectares in Kenya and Ethiopia, respectively. Under ideal conditions, it has the ability to double 
its range every 5 years (IUCN, 2010). Although initially introduced to stabilise the drylands by 
revegetating barren land,  Mesquite went on to outcompete and replace the native plants and 
trees. It has been blamed for many disaster-effects such as replacing the foliage (grasses, herbs 
and shrubs) eaten by local livestock, injuring livestock with its poisonous thorns and causing 
goat teeth to rot and fall out because the small seeds get stuck between the teeth (Table 1). 
Thousands of goats have been rendered toothless and died from starvation following teeth loss. 
In addition the roots of  Mesquite make the soil loose and unable to sustain water; thus 
enhancing drought and soil erosion. Furthermore, because of its aggressive growth the plant 
forms thickets that are an ideal breeding ground for mosquitoes that transmit malaria. Another 
serious invasive plant is the prickly pear cactus or Opuntia ficus indica. This plant, which has 
been blamed for destroying grazing land in the Kenyan and Tanzanian drylands, is originally 
from Mexico. It was introduced as a hedge plant but has become a serious and difficult to 
control pest, because it spreads rapidly degrading the dry lands. Other prolific woody invasive 
plant species include the Lantana and the Acacia polycantha (White thorn) tree. All these 
invasive plants and trees have had serious socio-economic impacts and ultimately increased 
poverty in the local communities.

In the Tanzanian drylands two species have been largely reported as weedy or invasive: Senna 
spectabilis or Cassia (Wakibara & Mnaya, 2002) and the White thorn (Obiri et al., 2010). 
These species suppress the growth of native trees, shrubs and grasses growing beneath or close 
to them. Subsequently foliage for wildlife animals is reduced leading to starvation and death of 
the animals. Although there are few invasive species in Tanzania there is no guarantee that the 
numbers will remain so in the future. A species that is not invasive today can in the future turn 
into an invader with disastrous effects. 

Some introduced plants and tree species have been known to remain in small localized 
populations for long periods of time but later turn into burgeoning populations of invasives 
(Kolar & Lodge, 2001). The time period between the first introductions of a species in a new 
location and when it is declared invasive varies with different species and is referred to the 
species time lag. This time lag is largely responsible for why invasive plant species show slow 
onset disasters or SOD characteristics. Slow onset disasters are a category of disasters whose 
impact on the environment is not felt immediately but often takes time to build up. Common 
examples include drought and its effects of crops failure and famine. Similarly, heavy rains in a 
highland area can be followed later by flooding in a lowland area elsewhere. In both cases there 
is a lag in time between the onset of the disaster and the effects to be felt. For invasive tree 
species a typical example is found in the Usambara Mountains of Tanzania where the Maesopsis 
eminii (or Msira) tree was declared invasive and a disaster to the forest ecosystem 65 years after 
it was first introduced in 1913 (Binggeli, 1989). More recently Mesquite has been declared a 
serious invader in Kenyan drylands twenty years after its first introduction in the early 1980s 
(Pasiecznik et al., 2006).
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Table 1. Incidences of invasive plants and their disaster e!ects in Kenyan and Tanzanian drylands. Plant 

occurrence indicated by the + symbol. Common names are put in brackets.

Occurrence in 
Tanzania

Occurrence 
in Kenya

Disaster effects / impacts

Lantana camara

(Lantana)

+ + Breeding ground for sleeping sickness & 
Nagana, disrupts plant succession & lowers 
biodiversity

Prosopis juliflora

(Mesquite)

+ + Reduces livestock foliage, deep roots enhance 
drought, thorns poisonous

Prosopis pallida

(Mesquite)

+       ,,                 ,,                  ,,

Opuntia ficus indica

(Prickly pear cactus)

+ + Poisonous to wildlife in parks, affecting potential 
of tourism

Caesalpinia decapetala

(Mauritius thorn)

+ + Shades out grass & shrubs eaten by animals, 
limits animal movement

Psidium guajava

(Guava)

+ + Outcompetes native plants and lower species 
biodiversity

Senna spectabilis

(Cassia)

+ Suppresses growth of native park trees

Acacia farnesiana

(Sweet acacia)

+ + Suppresses growth of native trees, forms 
impenetrable thickets on rangeland and limits 
access to water

Acacia mearnsii

(Black wattle)

+ + Outcompetes native plants lowers biodiversity 
& increased water loss

Acacia polyacantha

(White thorn)

+ + Suppresses native plant species

Source: Author’s computation, 2009

Discussion

What are invasive plant species?

Although there is a growing global awareness of invasive plants and the disasters they cause, 
little attention has been paid to them and few studies have been conducted in tropical Africa 
(Binggeli et al., 1998; Wakibara & Mnaya 2002). 

Invasive plants are regarded as species that are capable of penetrating and replacing the existing 
indigenous vegetation of a location. Classically invasive plants are defined as exotic plants that 
have been introduced in a location, either intentionally or unintentionally, and that reproduce 
and spread on their own (Rejmanek, 1995). In East Africa most of the invasives were introduced 
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intentionally. For instance, the obnoxious mesquite was introduced in the Kenyan drylands 
through the initiatives of the Food and Agriculture Organization (FAO) and the Kenya Forestry 
Research Institute to curb desertification and increase fuelwood (Pasiecznik et al., 2006). 

Four key features are associated with invasive plants: (1) they show prolific seeding and early 
age of first reproduction, (2) have unpalatable foliage, (3) can easily establish in degraded 
environments, and (4) have an ability to regenerate profusely from direct seeds, stems or roots. 
These features make them good competitors amongst other plant species and allow their 
survival and abundant establishment. 

There is a link between invasive plants, ecological integrity and human social livelihoods. First 
and foremost, maintaining the integrity of ecological systems is an important part of achieving 
sustainable use of natural resources. Ecological integrity is often disrupted by invasive species 
which encroach vigorously upon native species and degrade ecosystem services such as soil 
conservation and water catchment protection, thus causing severe damage to the economy and 
social livelihoods (Sudmeier-Rieux & Ash, 2009). Indeed the Millennium Ecosystem 
Assessment (MA), an international assessment initiative, has shown strong links between 
human wellbeing, human security, livelihoods and intangible benefits such as equality and 
freedom of choice with ecological or ecosystem services. The MA also highlights that a number 
of human activities (that include invasive species) degrade the ecological integrity of ecosystems 
(Sudmeier-Rieux & Ash, 2009).

Time lags and slow onset disaster characteristics

What are the reasons for the time lags between the introduction of the plant species and their 
subsequent disaster? Hobbs and Humphries (1995) suggest two grounds: (1) species take some 
time to adapt to new environments, i.e. genotypic adaptation, and (2) species with exponential 
growth go unnoticed until populations are at critical sizes. Time lags are affected by changes in 
abiotic and biotic factors. Large and dramatic disturbances caused by abiotic factors (e.g. fires, 
deforestation and floods) often create new conditions for prolific regenerations or ‘invasion 
windows’. For instance, Cecropia peltata (the Trumpet tree), was first introduced in Ivory Coast 
as a shade tree for coffee plantations in 1910, but spread over a radius of 100 km between 1950 
and 1960 following heavy deforestation. Its spread enhanced biodiversity loss and caused 
disastrous disintegration of the native forest ecosystem. Biotic determinants of time lags may 
include factors associated with seeds and seedling dynamics such as the introduction of animal 
pollinators and changes in the population of grazing animals and their trampling intensities. 

How do plant invasions occur?

Invasion opportunities largely occur or follow disturbances in an ecosystem. Disturbances are 
common in East African drylands and are largely caused by human agro-pastoralism activities 
of shifting cultivation. This is a process whereby nomadic inhabitants cultivate crops on an 
unoccupied fertile piece of land and later move off it when the land loses soil fertility. Periodic 
shifting from unfertile lands to uncultivated fertile lands is a continuous cycle of movement 
that has, in recent times, increased in frequency due to population increase. Subsequently this 



J!MB": Journal of Disaster Risk Studies, Vol. 3, No.2, May 2011 423

Invasive plant species and their disaster-e!ects in dry tropical forests and rangelands of Kenya and Tanzania

has caused patches of highly degraded or disturbed areas (having invasive tree and shrubs) 
within the drylands that were previously occupied by native trees. Land disturbances release 
resources which invasive trees and shrubs exploit (Davis et al., 2000). Although both the native 
and invading plant species respond to disturbances it is the differences in their responses that 
determine if invasion occurs or not (Chesson & Huntly, 1997). For example, an invasive plant 
may show stronger positive response to a disturbance because it possesses an advantage at a 
particular time or place or may have a beneficial characteristic such as a strong ability to 
colonize a certain habitat. In Tanzanian drylands, the highly colonizing and invasive White 
thorn tree places vast amounts of seeds in the soil (or a rich soil seed bank) unlike other species 
(Obiri et al., 2010). Another example is Mesquite which survives in disturbed moisture-stressed 
environments of Kenya and Ethiopia largely because of its deep roots that reach the low water-
tables (Pasiecznik et al., 2001).

Invasion opportunities also arise from disruptions of the historical pattern of resource supply 
and consumption (Sher & Hyatt, 1999). These disruptions, mostly caused by human activities, 
include alteration in patterns of fire regimes (D’Antonio, 2000), wood harvesting, nutrient 
enrichment (Jefferies, 2000) and climate change (Vitousek et al., 1997; D’Antonio, 2000). 
Because they are not adapted or rarely occur in disturbed ecosystems, native species are likely 
to decline in numbers under disrupted patterns of resource supply and consumption. This 
results in disused resources that become entry points for invaders. On the other hand, invaders, 
such as those found in human-disturbed environments, may already have adaptations suited 
for pattern-disrupted environments (Drake & Mooney, 1989). The northern lowlands of 
Ethiopia are an example whereby, following land degradation, Acacia nilotica (Egyptian thorn) 
trees have declined in density and been replaced by the drought resistant Mesquite (Pasiecznik 
et al., 2001).

Invasions and plant community dynamics

Plant invasions can perhaps be best explained within a framework of plant community ecology 
(Shea & Chesson, 2002) where various viewpoints of biological invasions are considered. These 
include the characteristics of the plant invaders (Kolar & Lodge, 2001), the characteristics of 
the invaded plant community (Lonsdale, 1999), resource availability (Davis et al., 2000) and 
the role of natural enemies (Keane & Crawley, 2002). Invasions occur through three stages: 
transport of invaders to new sites, establishment and population increase of the invaders in the 
new sites and their secondary spread from initial populations to other sites. All three stages 
have a vital link or input of human involvement as it is man who introduces the species into 
the community, in the first instance, and facilitates its spreading. Furthermore the manifestation 
of hazards to disasters occurs as a result of the increased presence of man in areas previously 
sparsely populated. Undoubtedly the establishment of invader plants at a location depends on 
their successful arrival in that locality in the first instance (Kolar & Lodge, 2001). Their 
subsequent establishment, however, depends on the way they interact with biotic and abiotic 
factors at the new location and particularly their ability to exploit opportunities available at the 
new location. The two most basic requirements of invaders are opportunities for obtaining 
resources for growth and opportunities for escaping natural enemies. The way a species responds 
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to these opportunities (both of which vary in time and space) determines the species’ invading 
ability. It also determines the species’ management and DRR strategies to control it. These 
factors are discussed in the sections below. 

Invading opportunities related to resources

Invasion occurs if a plant species has a better ability than native plant species to extract resources 
in a location or if its cost of maintenance is much lower than that of native species (Shea & 
Chesson, 2002). This does not mean that plant invaders have better or superior structural 
systems (e.g. roots and leaves) that enable them to manufacture more food and grow faster than 
the native plants.  However, they may have a superior response to particular conditions relating 
to resources such as an ability to extract resources even as the resources fluctuate with time or 
space (Chesson, 2000). In certain cases an invasion is facilitated by an ability of the invader to 
change a small spatial area around itself to its own advantage. For instance, some invader plants 
are known to produce poisonous (or allelopathic) compounds in the soil roots that kill and 
lower densities of its neighboring native species (Callaway & Aschehout, 2000). This 
phenomenon is also thought to occur with Mesquite (Pasiecznik et al., 2001). 

How do we manage these plant invasions and their accompanying disasters?

One question is often asked in regard to the DRR of invasive plants. Is it possible to predict 
species that are likely to be invasive and hence become a risk? Despite the currently substantial 
information compiled on biological invasions there are very limited pointers for species likely 
to be invasive and a risk. The general tendency has been to consider the plant species that first 
occupy the open non-inhabited areas that often have harsh conditions such as dry rocky ground 
devoid of moisture. These plants are referred to as pioneer species (as they break new ground) 
and are the likely invaders. However, given the right locations, climate and environment any 
species is potentially invasive (Shea & Chesson, 2002). Perhaps the best single DRR initiative 
for predicting invasiveness is to consider the behaviour of invasive species in other regions 
(Reichard, 1994). If a species is being considered for introduction in a given region and it is a 
known invasive in second region elsewhere, then the species is likely to be invasive in the region 
meant for introduction if the two regions have similar environmental characteristics. In other 
words, once an invader often an invader. In this case it is of paramount importance that 
checklists of all species listed as invasive be available and consulted at all time in programmes 
of tree planting whether for ornamental or economic purposes. Furthermore, these checklists 
need updating particularly for the areas that previously were sparsely populated but now have 
increased human immigration and are thus more likely to face disasters.

A second DRR question also often asked is: how can resistance to invasive plants be increased. 
Various studies suggest that invasion resistance increase with species diversity (Knops et al., 
1999; Naeem et al., 2000). This relationship is explained by the empty niche hypothesis 
(Simberloff, 1995) where under low species diversity resources are not efficiently exploited 
because of a scarcity of species with ideal niches. Therefore niche opportunities exist for any 
invading species. Consequently having many different species in a habitat or high biodiversity 
is one approach to invasion resistance.
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Traditionally, the management of overgrown vegetation in dry forests is largely done through 
fire, grazing and browsing (Chidumayo, 1997). Fire is probably the most important as it has 
the most significant effect on seedling dynamics. Although fire is necessary for resprouting in 
East African drylands (Luoga et al., 2004) under intense conditions or frequent occurrences it 
causes seedling mortality, species loss and therefore increases opportunities for invading species. 
The fiercest fires occur in the late dry seasons when conditions are most favourable (i.e. when 
there is a high quantity of excessively dry litter collected on the forest floor). Such fires should 
be monitored and discouraged as they are very destructive and greatly contribute to increased 
opportunities for plant invasion. As a DRR initiative there is a need for a preparedness 
mechanism to ensure that the old dead stems and branches are not left piling up on the forest 
floor, but are removed, as they increase the fuel load during fire outbreaks. 

Conclusion
Invasive plant species are hazards that have shown negative environmental and socio-economic 
impacts in East African drylands. They have degraded the environment and led to serious 
impacts on human wellbeing such as reduced availability of goods and services for local 
communities, increased spread of diseases and reduced economic opportunities. This, in turn, 
has led to loss of livelihoods, and reduced food security. Among the most serious of cases is the 
Mesquite tree that has devastated social livelihoods of many dryland communities in Kenya 
and even led to constitutional court cases between local communities and the Kenyan 
government. In both Kenya and Tanzania key legislations (such as the EMCA, the Forest and 
Plant Protection Acts) and institutions such as NEMA and the MENR monitor and control 
invasive species, however their outcomes have not been successful. The invasive plants related 
disasters have risen as communities have progressively moved into the drylands and remained 
ill-prepared to cope with the hazards. For instance, in the Baringo area the population was 
210,000 when the mesquite was introduced around 1986 but by 2006 it had risen to 540 000, 
meaning that more people were exposed to hazards and thus disasters were likely to occur. 

How do we combat invasive species? Like most environmental disasters, environmental 
management is central to building the resilience of communities and nations under the Hyogo 
Framework for Action (HFA), especially HFA priority 4. Therefore, environmental-based 
DRR policies, practices and guidelines need to be an integral part of managing the drylands.
This includes, first, incorporate wise land-use planning whereby irregular disturbances such as 
random fires and the traditional dry season woodland burning that destroys existing vegetation 
are reduced. Secondly, since most invasive plants are introduced from foreign regions, it is 
critical to identify, assess and monitor phytosanitary risks of plant species being introduced 
into the country and drylands. Introductions should be preceded with counter-checking for 
any disaster-effects that a plant, intended for introduction, may have caused in an environment 
similar to where it is intended for introduction. Thirdly, establishing early warning systems and 
other preparedness measures such as ensuring that the fuel wood load in the dry forest floors 
does not accumulate as this enhances intensities of fires that burn and open up habitats for 
invasive plants. Fourth, it is important to strengthen the institutions of environmental 
management, mechanisms and capacities at different levels (especially at the community level) 
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so as to systematically build resilience towards invasive species’ hazards. In this regard the 
National Environmental Management Authority in Kenya and the Ministry of Environment 
and Natural Resources in Tanzania need to increase their efforts regarding environmental 
education issues such as awareness of invasive species among local communities. Although this 
study took an East African approach, it was limited in scope as the drylands of Uganda, which 
are part of the region, were not included. Thus it is recommended that future studies need to 
explore other regions such as Uganda and also increase the number of regions under study in 
each country.
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