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ABSTRACT

Termites (Order: Isoptera) constitute an integral component of various ecosystems in
Africa. Termites are also amongst the most difficult insects to study because of their cryptic
behaviour and natural nesting habitat. There are around 2600 species of termites in 280
genera which have been described worldwide and about 39% of the total termite species
are found in Africa. Termite identification is crucial to understanding termite distribution and
their relationship to climate change. Some termite species are well known pests of
agricultural crops, forest trees, wood products and timber-in-service causing considerable
damage in Africa.

This review paper attempts to collate information on African termite distribution and climate
change and highlights some knowledge gaps. Africa is the origin of the termite family of
Macrotermitinae. The paper focuses more on economically important termite species in
Africa. The use of traditional identification methods coupled with molecular techniques in
resolving some of the challenges in termite distribution with particular reference to climate
change in Africa are discussed.

There is scant information on published literature on the impact of climate change on
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termites with particular reference to termite distribution in Africa. However there is
anectodal evidence to suggest that African termite species will be affected by changes in
the local and global climate.
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1. INTRODUCTION

Termites (Isoptera) are a large and diverse group of insects consisting of over 2600 species
in 280 genera worldwide. Africa is by far the richest continent in termite diversity (Eggleton,
2000). Termites are important pests of building timbers, forestry and crops in Africa. In
general, damage by termites is greater during dry periods or droughts than periods of regular
rainfall, in lowland rather than highland areas, and in plants under stress (Wightman, 1988,
1991). Despite their economic importance, limited published economic loss studies due to
termites and related costs of protecting crops and houses/structures currently exist
(Sekamatte and Okwakol, 2007). In addition, limited detailed studies have been conducted
to document the pestiferous termite species in the region (Nyeko and Olubayo, 2005;
Sekamatte and Okwakol, 2007). These studies are usually complicated by the large number
of termite species involved, their cryptic and unpredictable foraging patterns, the interaction
with plant stress and the broad range of crops damaged as well as non-crop damage (Logan
et al., 1990). This information is critical in developing termite management strategies (Nyeko
and Olubayo, 2005).

Global climate change is likely to affect plant and animal biodiversity on earth. In order to
deal with the uncertainties associated with climate change; the Intergovernmental Panel on
Climate Change (IPCC, 1992, 1995, and 1997) regularly evaluates available evidence to
formulate a consensus opinion on likely outcomes. The present view is that a global mean
temperature increase of approximately 2°C is a realistic expectation over the next 50 years
(Shackleton, 1996; Hansen, 2009). Moreover, as large-scale extinctions, and movements of
species were precipitated in the past (Gates, 1993), the need to predict the biodiversity
consequences of climate change is becoming increasingly important (McNeely et al., 1995).
It is likely that African termite species will be affected by changes in the local and global
climate.

The aim of this paper is to discuss termite distribution with reference to climate change in
Africa and the limitations of traditional methods of termite identification and the potential use
of new techniques such as near-infra red spectroscopy, phylogenetics, and molecular
methods for termite species identification.

1.1 The Scope of Literature Review Conducted

A literature review of termite diversity, distribution and impacts in relation to climate change
in Africa was conducted. Several papers on termites were found by searching the web of
science databases, personal communications, and published studies across Africa.
Emphasis was placed on eastern and southern Africa because this is the geographic area
where the Macrotermitinae, which are the most serious pests in agriculture and forestry,
reach their highest densities (Jones, 1990).
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2. TERMITE DIVERSITY AND DISTRIBUTION IN AFRICA

Due to its climatic conditions, Africa has a rich termite fauna. To-date over 664 known
species of termites have been recorded in Africa (Wanyonyi et al., 1984) but species
diversity varies within and between regions. Due to the xeric conditions in northern Africa,
species diversity is low (less than 15 species) compared to the eastern, southern and
western regions of the continent (Sileshi et al., 2010). Records of termites from Ethiopia
indicate 61 species belonging to 25 genera and four families. The distributions within
Ethiopia of at least some of the species correlate with overall African distributions (Cowie et
al., 1990). Out of this, 143 species belong to the East African fauna proper, which is also
continuous with that of Somalia, Eritrea, Djibouti, Ethiopia and Sudan to the North, and
Malawi, Zimbabwe and Mozambique to the South (Sileshi et al., 2010). Some 165 species
have been recorded from the southern Africa region, including South Africa, Zimbabwe,
Mozambique, Botswana, Swaziland, Lesotho and Namibia. The termites of southern Africa
have been surveyed thoroughly, probably more so than any other region during the ‘National
survey of the Isoptera of southern Africa’ by Coaton and Sheasby (1972). Table 1 gives the
genera with approximate numbers of termite species found in Africa. However, the numbers
are likely to be underestimated because the taxonomy of African termites is notoriously
difficult, and many new species are yet to be described.

African termites can be divided into lower termites which include the families Kalotermitidae,
Termopsidae, Rhinotermitidae and Hodotermitidae, and higher termites all belonging to the
family Termitidae. Among the lower termites, the Kalotermitidae and Rhinotermitidae feed on
dry wood, while the Termopsidae feed mainly on decaying wood. The Hodotermitidae feed
mainly on grass although they also damage structural timber. The Termitidae are probably
the most notorious for wood damage. In Africa the Termitidae are represented by over 601
species (>90% of all known species) (Eggleton, 2000) in four subfamilies (Apicotermitinae,
Termitinae, Macrotermitinae and Nasutitermitinae). The subfamily Apicotermitinae is
currently reported to have some 70 species in Africa (Eggleton, 2000; Cowie et al., 1990).
However, the number is likely to increase when the description of the large number of
unidentified species is completed. The subfamily Termitinae consists of about 272 African
species (Eggleton et al., 2002). The subfamily Nasutitermitinae consists of 56 species, which
mainly feed on grass, leaf litter and wood (e.g. logs, stumps and standing dead trees). The
Macrotermitinae (fungus growing termites) consisting of over 165 African species (Eggleton
et al., 1999), and arguably the most destructive wood-feeding insects. Economically
important genera in the subfamily Macrotermitinae include Macrotermes, Odontotermes and
Microtermes.

Economic damage by pestiferous termites has to be considered from the fact that they are
present throughout the year, every year and are an integral component of the environment
(Wood, 1995). Southern Zambia has been experiencing periods of drought over the years,
resulting in severe termite attack on crops, plantation trees and building timber in thatched
houses. Based on a survey conducted in 1998 after a drought, a list of pestiferous termite
species found in Southern Zambia is shown in Table 2. The normal mean annual rainfall in
Agro-ecological | is between 600-800 mm, Agro-ecological Il has a normal mean rainfall
which lies between 800-100mm.

The distribution pattern of termites is influenced by several factors. In Uganda Pomeroy
(1976), observed that the distribution of Macrotermes bellicosus mounds was correlated very
strongly with temperature, and that large termite mounds were absent in areas of lower
temperatures such as forests and swamps. Pomeroy (1977) reported M. bellicosus and M.
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Ssubhyalinus in central, western, eastern and northern regions of Uganda while
Pseudacanthotermes species occurred only in the central region of the country. He further
observed that the distribution of these large mound builders was not correlated with soils,
climate and vegetation. In contrast, Okwakol (1976) observed that the distribution of
Cubitermes mounds in Uganda was determined by grass species, soil depth and clay
content. Kemp (1955) suggested that climate was the principal factor determining the
distribution of termites in North —Eastern Tanganyika (Tanzania). These contrasting findings
suggest that different termite taxa may respond differently to variations in environmental
conditions, and thus exemplify the need for a case-by-case study.

3. CURRENT TERMITE STATUS IN AFRICA

Recent studies show that some regions of sub-Saharan Africa (SSA) have experienced a
shift toward more extreme rainfall events (Khogali, 1999; Lovett et al., 2005). The El Nifo-
Southern Oscillations climate event has been predicted to become more frequent and of
greater magnitude in Africa (Lovett et al., 2005). Global climate change may lead to higher
potential evapo-transpiration, decreasing precipitation and increasing frequency of high
intensity rains (Beaudrot et al., 2011). However, the expected changes vary from one region
of Africa to another. For instance, for the period 2000-09 a wet signal is expected for the
Sahel as opposed to a dry signal for southern Africa (Harrington et al., 2001). Southern
Africa has so far displayed a remarkable occurrence of extremely wet and dry years and
average years with about equal likelihood (Gommes and Petrassi, 1996). Farmers in
Uganda and Zambia mentioned that termite problems are more serious now than in the past
(Sekamatte and Okwakol 2007; Sileshi et al., 2009). Damage by termites is greater during
dry periods or droughts than periods of regular rainfall (Logan et al., 1990). The increases in
termite damage could also be associated with climate change induced drought. In recent
decades, drought linked to El Nifio episodes has become more intense and widespread in
southern Africa.

Despite the much talked about Climate change in Africa, there is paucity of data on extent of
change in climate that has occurred in Zambia, particularly with regard to rainfall and
temperatures.

Globally, the net effect of climate change has been predicted to increase pest damage to
crops and trees. The introduction and distribution of alien insect pests are also likely to be
driven by climate change as well as global trade. A large number of unidentified termite
pests have established themselves in Africa (Nkunika Per. Comm.). The direct and indirect
effects from climate change will possibly alter key demographic attributes, thus resulting in
unanticipated population level consequences. There have been some rather spectacular
documented cases of how climate can influence insect populations (Parmesan et al., 1999;
Crozier, 2002).

4. TERMITE BIOLOGY AND IDENTIFICATION
Although considerable termite identification work has been carried out in Africa, a large

number of termite species still remain unidentified (Nkunika, 1994; Eggleton et al., 1999,
2002), due to lack of adequate termite experts and identification facilities in Africa.
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Table 1. Approximate number of termite species in Africa

Family Subfamily Genus Number of species
Kalotermitidae Kalotermitinae Bicornitermes 4
Bifiditermes 7
Cryptotermes 4
Epicalotermes 4
Kalotermes 3
Neotermes 17
Hodotermitidae Hodotermitinae Hodotermes 2
Microhodotermes 1
Rhinotermitidae Coptotermitinae Coptotermes 6
Psammotermes 4
Rhinotermitinae Schedorhinotermes 2
Termitidae Apicotermitinae Acholotermes 4
Adaiphrotermes 3
Aderitotermes ucC
Adynatotermes 1
Aganotermes 1
Alyscotermes 2
Anenteotermes ucC
Apicotermes 15
Astalotermes 16
Astratotermes 6
Ateuchotermes 8
Skatitermes 2
Termitinae Amitermes 17
Angulitermes 6
Basidentitermes 9
Batillitermes 1
Ceratotermes ucC
Crenetermes 5
Cubitermes 70
Euchilotermes 3
Lepidotermes 3
Megagnathotermes 2
Microcerotermes 46
Noditermes 9
Okovangotermes 2
Ophiotermes 6
Ovambotermes 1
Pericapritermes 11
Procubitermes 20
Promirotermes 10
Pseudomicrotermes 1
Termes 7
Unguitermes 7
Unicornitermes 1
Macrotermitinae Acanthotermes 1
Allodontootermes 3
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Table 1 continues..

Ancistrotermes 10
Macrotermes 13
Microtermes 42
Odontotermes 78
Pseudacanthotermes 8
Nasutitermitinae Baucaliotermes 2
Euternellus 2
Fulleritermes 5
Grallotermes 1
Mimeutermes 6
Nasutitermes 10
Rhadinotermes
Spatulitermes
Trinervitermes 17

Compiled from Kambhampati and Eggleton (2000); UC = Uncertain

Moreover, the identification of Macrotermitinae, which includes several agricultural, structural
timber and forestry pests, is notoriously difficult, and many species are not easy to identify
with certainty (Darlington et al., 2008). Unfortunately, current recommendations for termite
management in Africa do not take into account the difficulty of termite identification (Sileshi
et al., 2009).

Termites’ colony can often seem just as integrated as an individual organism “super-
organisms” (Wilson, 1968; La Fage et al., 1983). Termites are a highly successful group of
insects coevolving for over 300 million years and constituting an integral component of the
ecosystem (Dobzhansky, 1941; Emerson, 1943; French, 1988). It seems logical to imagine
that the success of these social insects highly depends on the behavioural diversity of its
individual working groups and the characters they share in common (Bates, 1854). These
may include morphological, ecological, behavioural and biochemical characteristics. The
external morphology of termites has received much attention mostly due to its importance in
systematics and classification. Comparative termite studies focus in particular on the
dentition of the imago-worker mandible, wing venation and the mandible and labrum of the
soldier (Bagine, 1992). Many workers have carried out statistical study on the variability in
the body parts i.e. morphormetric analysis. Internal morphology has also been considered
especially when studying phylogenetics relationships (Noirot and Kavoor, 1958; Johnson,
1979). The most current classification of termites is summarized by Engel and Krishna
(2004).

Recently the nest structures, ecological characteristics and biochemical investigations
including cuticular hydrocarbon compounds and isoenzymes have contributed significantly in
the field of termite systematics (Bagine, 1992). Also, near-infra red spectroscopy has reliably
opened up the fields of insect age determination (Robson et al., 2006) and identification of
termite and mosquito species (Aldrich et al., 2007: Mayagaya et al., 2009). As new
biochemical techniques such as cuticular hydrocarbon studies ( Haverty et al., 1991),
genetic comparisons of DNA hybridization studies (Broughton and Kister, 1991);
fluorescence spectrophotometer (Robson et al 2006); near-infrared spectroscopy (Aldrich et
al.,, 2007; Mayagaya et al., 2009); and molecular techniques (Badawi et al., 2008) become
more widely used, further changes in African generic taxonomy could occur. Concerted
affirmative efforts are however necessary to build African human and infrastructural capacity
in the use of such technologies for termite identification. As pointed out by Sekamatte and
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Okwakol (2007), “the lack of impetus for young scientists to specialize in biosystematics and
prohibitive costs of taxonomic services overseas make research in this area less attractive”.

4.1 Molecular Genetics in Termite Classification

Current termite classification and identification is still relying on past knowledge, experiences
and skills of morphological and physiological features. Molecular phylogenetics of termites
will be fundamental in the development of future termite classification and identification with
reference to climate change adaptation techniques and in the quarantine and pest control
systems (Ahmed and French, 2008; Su and Scheffrahn, 2000). Research into molecular
phylogenetics with better termite morphology, ecology and physiology understanding is
needed (Lo et al., 2006). But this new research must be linked with existing knowledge and
data to developing and implementing a sound classification, identification, adaptation and
distribution of African termites.

Most termite identification systems, in the past, relied almost solely on the taxonomist with
the use of morphological and physiological features as the major classification and
identification system (Su and Scheffrahn, 2000). In Australia, Europe and USA molecular
phylogenetics is considered as an alternative approach to termite identification, classification
and distribution as the existing taxonomical classification is limited in its’ scope and use of
identification. The lack of qualified taxonomists needs a fresh look and a wholly biorational
approach to termite taxonomy and distribution studies (Ahmed and French 2005; French,
1994).

In order to develop termite identification, classification, adaptation and distribution strategies,
it is important to have a clear understanding of termite ecology, biology, foraging behaviour,
intra-specific and inter-specific (Eggleton 2000; French, 1994). Termite classification
systems based on morphological and physiological systems will not be able to provide key
termite adaptation indicators in reference to climate change, attention must be given to
termite molecular phylogeny, near infra red spectrometry and other new systems (Ahmed
and French 2005).

The focus of research on termites in reference to climate change will adopt new molecular
phylogenetics and infra red spectrometry to identify termite adaptability to climate change
based on genetic markers (Badawi et al., 2008). In addition research has been lacking, in
the past, on termite nesting, reproductive, distribution and termite adaptability as successful
pests in different climatic conditions (Ahmed and French 2005). Once this understanding is
better achieved, more efficient and more effective alternative identification DNA finger print
can be developed and implemented to assist as an indicator of adaptation to climate change
(Ahmed et al., 2006). Many recent studies demonstrated the need for a sound knowledge of
termite molecular phylogenetics when applying termite adaptability to different climatic
conditions and possible termite control (Lo et al., 2006).

Existing geographical distribution of termites demonstrates the ability of these termites to
adapt to a range of climatic conditions with success. In order to achieve the comparative
data of termite adaptability and behavioural change due to climate change phylogenetics
studies have a great potential in developing representation of phylogenetics models to
implement the different analytical methods, which will use sequences of several genes to
configure out the Maximum parsimony, Maximum likelihood and Bayesian Analysis into
harlequin computer based tool for better understanding of haplotypes dispersals in Africa
(Ohkuma et al., 2004; Badawi et al., 2008). It is expected that the framework will effectively
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reflect the clear identification of species and spatial distribution and provide the desired
compromise between different termite species and within same species. Moreover, termite
phylogenetics and geographical distribution study based on DNA mapping will be
fundamental contribution to the study of climate change and finding key indicators of climate
change in termite species (Lovett et al., 2005). The proposed research outcome will improve
understanding of termites’ identification, classification, and enhanced phylogenetics to
broader ecological, economic, and pest control outcomes.

Termite molecular phylogeny will assist to enhance our understanding of termites’
phylogenetics, geographical distributions and uses of mitochondrial and nuclear genes which
can explore the existence of new species (Badawi et al., 2008) (Fig 1).
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Fig. 1. Molecular phylogeny of Coptotermes spp. based on COI+COIl+16S.
The topology yielded by using a maximum parsimony (MP) 50% Majority rule bootstrap
analysis (1000 replicates). Values above the tree branches are posterior probability values
from Bl (Bayesian inference; Badawi, 2010 Ph. D thesis in progress).
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Table 2. List of termite species found in Southern province districts in Agro-ecological Regions | and Il
(After Nkunika, 1998)

District Agro-ecological Family Genera Species Feeding
Region Sub-family Habits
Kalomo Termitidae Alodontotermes A.rhodeosiensis* R,B,S,W
Macrotermitinae Macrotermes M. falciger* R,B,S
Pseudacanthotermes  P. militaris R,.W
| P. spiniger R,.W
Allodontotermes A. schultzei S,R
Odontontermes O. lacustris S,F,L
Il O. latericius S,F,L
O. badius S,W
Microtermes M. subhyalinus. R,S,W
T. rhodesiensis™ G
Choma Termitidae Macrotermes M. falciger* R,B,S
Macrotermitinae Microtermes Microtermes sp* R,S
Il Odontotermes O. badius* SW,wW
Psuedacanthotermes  P. militaris R,.W
P. spiniger R,.W
Odontotermes sp R,.W
Gwembe | Macrotermes M. falciger* R,S,B
Microtermes M. luterus™ R,S,B
Monze Pseudacanthotermes P. militaris* B,S,R,W
P. spiniger R,.W
Macrotermes M. falciger* R,S,B
M. michaelseni R,S,F
Il Allodontotermes A. schultzei* R,S
Odontotermes O. lacustris* S,F,L
O. latericius S,F,L
Microtermes Microtermes sp R,S,W
Ancistrotermes A. latinotus R,S
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Table 2
continues..
Termitidae Macrotermes
Mazabuka I Macrotermitinae
Allodontotermes
Odontotermes
Microtermes
Ancistrotermes
Pseudacanthotermes
Livingstone 1 Macrotermes
Amitermes

M. falciger*

M. michaelseni*
A. schultizei

O. lacustris

O. latericius

O. badius
Odontotermes sp
Microtermes sp*
A. latinotus

P. militaris*

M. falciger*
A. truncatidens™
Odontotermes sp

R,S,B
R.S,F
R,S
S,F.L
S,F.L
S\W
RW
R,S,W
R,S
B,S,RW

R,S

RwW

Key: Feeding Habits: root(R); Bark (B), Stem(S), Leaves (L), Fruit (F), Drying or Dry wood (W), Grass (G),

* Results obtained during this survey. Some species are yet to be described.
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5. CLIMATE CHANGE AND POSSIBLE IMPACT ON TERMITE DISTRIBUTION

The nature of climate change and its impacts on flora and fauna in Africa is not known with
any great confidence. What is known is that temperatures are likely to continue to rise over
most of Africa and rainfall will increase or decrease depending on the region (Fig. 2).
However, significant variations occur between seasons and on a relatively small-scale
especially in southern Africa (Shongwe et al., 2009). There is paucity of detailed climate
change impact case studies of Africa (Van Jaarsveld et al., 2009; Cannon, 1998). This
seems due to a combination of factors including: a lack of locally calibrated models, a
shortage of observational data on computer-readable form and an exclusion of African
scientists from accessing the results of global climate and climate impact models (Hulme et
al., 2001).

Although there are still many unknowns in the climate equation in Africa, recent projections
indicate increased risks of drought during the twenty-first century (Lobel et al., 2011). For
example, a trend towards increased aridity since 1950 has emerged over southern Africa.
According to the African Centre for Disaster Studies (ACDC 2006), the potential changes to
the southern African climate over the next 50 years included: (1) a warming of 1-3 °C, (2)
reduction of 5-10% of current rainfall, (3) increased daily maximum temperatures, (4)
increased incidents of drought and floods. According to a recent study (Lobell et al., 2011)
roughly 65% of present maize-growing areas in Africa would experience yield losses for 1°C
of warming under optimal rain-fed management, with 100% of areas harmed by warming
under drought conditions.

There is a growing consensus that sub-Saharan Africa (SSA) is one of the most vulnerable
regions to climate change. Recent studies show that some regions have experienced a shift
toward more extreme rainfall events (Lovett et al., 2005). The El Nifio-Southern Oscillations
climate event has been predicted to become more frequent and of greater magnitude in
Africa (Lovett et al., 2005).

Global climate change may lead to higher potential evapo-transpiration, decreasing
precipitation and increasing frequency of high intensity rains. However, the expected
changes vary from one region of Africa to another. For instance, for the period 2000-49 a
wet signal is expected for the Sahel as opposed to a dry signal for southern Africa (Gaston
and Williams, 1996; Harrington et al., 2001). Southern Africa has so far displayed a
remarkable occurrence of extremely wet and dry years and average years with about equally
likelihood (Gommes and Petrassi, 1996; Lovett et al., 2005).

Temperature for Zambia is 0.032°C per year or 0.32°C per decade. Predicted average
increase in mean annual temperature for Zambia for the period 2000 to 2100 based on the
above warming rate is about 3.2°C + 1.0°C. In the Southern Province of Zambia, the average
increase in the mean annual temperature is between 0.35 and 0.40°C (Shitumbanuma
personal communication, 2010). From the results of analysis by Shitumbanuma (2008) in
Fig. 3, it is clear that there is a trend of climatic warming over southern and Eastern Zambia.

Potential impacts of climate change on pests such as termites are yet to be established.
However, in recent times, there are few studies that have attempted to identify and establish
the link between termites’ distribution, invasions and climate; and how this distribution might
change with global warming and changes in drought frequency (Ahmed et al., 2006).
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Farmers in Uganda and Zambia mentioned that termite problems are more serious now than
in the past (Sekamatte and Okwakol 2007; Sileshi et al., 2009). Damage by termites is
greater during dry periods or droughts than periods of regular rainfall (Logan et al., 1990).
The increases in termite damage could also be associated with climate change induced
drought. In recent decades, drought linked to El Nifio episodes has become more intense
and widespread in southern Africa (Harrington and Stork, 1995).

Globally, the net effect of climate change has been predicted to increase pest damage to
crops and trees(Lovett et., 2005). The introduction and distribution of alien insect pests are
also likely to be driven by climate change as well as global trade. A large number of alien
invasive termites have established themselves in Africa. The direct and indirect effects from
climate change will alter key demographic attributes, thus resulting in unanticipated
population level consequences. There have been some rather spectacular documented
cases of how climate can influence insect populations (Parmesan et al., 1999; Crozier,
2002). These include latitudinal and high-elevation expansion of butterfly and fruit fly
distributions in Europe, shifts in life-histories, changes in plant defense chemistry affecting
insects. In Africa, responses by pest insect populations to anticipated environmental shifts in
the course of global climate change are largely unknown. An increase in temperature could
result in an extension of ranges of some termites, with some being able to establish
themselves in areas where they were previously unable to survive.

According to Shitumbanuma (Personal communication, 2010), Zambia and other Southern
African countries have experienced seemingly increasing incidences of dry spells and
droughts Fig. 3: Shows the warming patterns in the country.

Move to conclusion.
| |

Latitude ( degrees South)

Longitude (degrees East)

Fig. 3. Temperature contour map for Zambia
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Attempts to assess the impact of climate change on termites must consider complex
interactions. Process-based modeling can be useful in demonstrating the combined effects
of some interactions, but it may not be possible to parameterize all interactions in a system.
Long-term datasets can be useful in validating predictions. However, historical and current
termite distribution data in Africa are scanty and available at very low resolutions. This
makes development of empirical models of species’ range, and predicting future termite
distributions and impacts under climate change scenarios difficult. Development of elaborate
databases on the diversity, distribution and impacts of African termites within and between
countries, and careful long-term monitoring of a wide range of termite species are apparently
the first steps in the strategies to understand and deal with the effects of climate change on
termites in Africa.

6. CONCLUSIONS

With “global climate change expected” not only termite distribution will be affected and pest
problems response change, but the effectiveness of termite management strategies will also
change. As the majority of f termites are soil dwellers; soil degradation and drought are the
major factors affecting distribution and foraging behaviour of termite in tropical and
subtropical ecology.

The potential for increases in economically devastating termite outbreaks in response to
climate change in Africa is high and warrants intensive investigation into the effects of
climate on crop pests. New pests would require the development of monitoring programs
and the availability of new pest control strategies such as integrated pest management (IPM)
packages. Pest management strategies in agriculture and forestry will require adjustment.
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