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ABSTRACT: Termite population and foraging behavior is much affected by different land use. Variation in termite 
species diversity is considered as changes of bio indicators in the selected habitat types. Despite of various benefits 
obtained from termites little information is known from termite species richness, diversity as well as evenness in 
response to different land use. A standard transect lines was used to collect termites from 10cm deep to 2M above the 
ground, hand sorted from the selected different land use. Sampling effort was 1hr per quadrat in all selected land use. 
Collected specimens were preserved in 70% ethanol for laboratory identification. Termites species encountered during 
the study period were 16 species from forest, 13 species from cropland and 7 species from grassland habitat types. The 
coefficient community similarity from different land use was high ranging from 60% to 70% The termites population 
differences from selected habitat types showed significant differences (P=0.05). This study was carried out to 
investigate the response of termite population in relation to different land use in Rufiji district which can be used for 
future research.  
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INTRODUCTION 
Termites foraging under different land use results into decline of biodiversity which affect the overall species richness 
as well as diversity. Regular monitoring with aim to detect changes happening in the ecosystem is very important to 
assist decision making in response to the changes. Termites can be used as bio-indicator as they are important 
component in ecosystem management and biodiversity conservation [1].  
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Furthermore, termite population has a key role in tropical ecosystems function [2]. Termites are one of the main 
decomposer in tropical terrestrial ecosystems [2]. Termite species richness declined under different land use [3-6]. The 
area used covers protected forest (Namakutwa), Nyamwage grassland and cropland habitat types. This study aims to 
investigate termite population in response to alteration of forest habitat into various uses. 
 
METHODOLOGY 
Geographical Location 
The study on termite species richness, diversity and abundance was carried out, in selected coconut farms, grassland 
and forest habitats in the district. Rufiji district is located at 178 km to the south of Dar Es Salaam and covers an area 
of about 53,000 ha (Fig. 1). The prominent feature of the district is the Rufiji River, an eponym for the district. The 
study area lies between 7o 27´S - 8 o 27´S and 37o 52´E - 39o28´ E.  
Termite Species Sampling Technique 
Standardized transect lines 100M long divided into small quadrats (5mx2m) wide were used to generate data for 
termite species presence or absence in various habitat types and it was assumed that species which were not recorded 
were either absent or rare. 
Species Richness  
The data sets from transect lines were assessed firstly by measures of species richness and diversity within each 
habitat. The number of species within the transect belt in each study site was the species richness (SR). [2,7]. 

Termite abundance and species richness between the habitat types were tested for differences using one way 
ANOVA that is to examine significant difference in termite abundance and species richness between habitat 
types [2]. 

Species Diversity 
The species diversity index in different sites was calculated using the Shannon-Wiener index (H′) [8,9]. This Index 
takes into account the number of species in the community (species richness) and the number of individuals per 
species. Similarly the species diversity and richness was also computed using Diversity Programme [10]. The index H′ 
is calculated as follows: H′ = -Σ pi ln pi, where pi = proportion of total sample belonging to the ith species. A greater H′ 
suggests higher species diversity and smaller H′ suggest low species diversity. Species diversity has two main 
important components namely species richness and equitability. The Species evenness or equitability was calculated as 
J′ = H′/ H′max [9]. Where by H′= Shannon diversity index and H′max = theoretical maximal value for the Shannon Wiener 
index of the diversity.  
 
The Coefficient of Community Similarity between Different land use 
Similarity indices were used to measure the similarity of species (or families) between habitats. There are two classes 
of similarity measures. Binary similarity coefficients which are used only when present-absent data are available for 
species in a community and qualitative similarity coefficients which demand for some measure of relative abundance 
(number of individuals, biomass cover etc.) for each species. In this study the coefficient of community similarity was 
calculated using Sørenson coefficient (CCs) [11]. The Community Coefficient Similarity was calculated as 

follows:- ( )21

2
ss

cCCs
+

= , where 2C double common species recorded from all communities. s1 and s2 are the 

number of species sampled in communities 1 and 2, respectively and c is the number of common species found in both 
habitats. The value of CCs ranges from 0 (when no common species are found in the community a and community b in 
all seasons) to 1 (when all species are found common in both season). In other words, these indices are designed equal 
to 1 (100%) in-case of complete similarity [12,13]. 
 
Termite identification 
Identification of termite species collected from cropland, forest and grass land was made based on feeding preferences 
[14-21]. All samples with soldiers were identified to genus level and then allocated with morphospecies number. A 
working reference collection was maintained so that materials from all transects could be cross-referenced and the 
morph species designations applied consistently. 
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RESULTS 
Species Richness  
The forest habitat had (16) termite species followed by cropland (13) and least was grassland (7). The overall termite 
species richness was high from the forest than from cropland and the grassland habitats. Figure 1 provides an overview 
of species richness in different study sites. Common species encountered were as follows Microcerotermes, 
Microtermes,Schedorhinotermes,Termes, Pseudacanthotermes, Nasutitermes Cubitermes, Macrotermes, Coptotermes, 
Glyptotermes, Cryptotermes, Ophiotermes, Profastigitermes Fastigitermes and two genera of Odontotermes. 
 

                                                   
Fig 1: Termites speciess Richness recorded from different land use 

Comparison of Termite Abundance between Pairs of Habitat Types  
Termite abundance from different habitat types showed there was significant differences p<0.05). On the other hand, 
comparison between cropland and forest habitat showed significant differences p<0.05).Similarly, the difference 
between the forest and the grassland showed there was no significant differences (P > 0.05). (Table 1). 

Table 1: Tukey-Krammer Multiple Comparison of termite abundance between pairs of habitat types (cropland, 
grassland and forest) in Rufiji district 

Habitat pairs Mean 
differences Q P Significance 

Crop vs Forest 875.31 3.89 P<0.05 * 
Crop vs grass 882.44 3.93 P<0.05 * 

Forest vs grassland 7.12 0.03 p>0.05 Ns 
 

Termites species evenness were high in forest habitat (H′ =1.66), followed by cropland (H′ =1.56) and the least was 
grassl (H′=0.68) (Table 2). 

Table 2: Termites species diversity and evenness from different land use in Rufiji district 

 Cropland Grassland Forest 

Species diveristy (H′ = -Σ pi ln pi,) 1.56 0.68 1.66 

Spcies evenness (J′ = H′/ H′max ) 0.60 0.35 0.59 

 

The coefficient of similarity of termites community from different land use was observed to be high ranging from 
60%-70% (Table 3). 
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Table 3: Coefficients of Similarity of termite Communities in Rufiji district 

 Cropland Grassland Forest 

Cropland -   

Grassland 0.70 -  

Forest 0.66 0.60 - 

 

DISCUSSION 
Comparison of Termite Abundance between Pairs of Habitat Types  
Opening natural forest for various uses in the selected areas has resulted into reduction of number of termite species in 
the cropland as well as in the grassland. Habitat fragmentation has been shown to negatively influence termite 
diversity, abundance and biomass in the Amazonian forest [22] and Mabira forest in Uganda [23]. Different land use 
was characterized by high termite abundance but low species richness was demonstrated to be negatively correlated 
with the removal of canopy cover in Indonesia [24, 5] suggesting that agricultural intensification tends to reduce 
physical and biological complexity above the ground thereby increasing termite abundance and lowering termite 
species richness. 

Conversion of forest areas to agriculture results in habitat loss and severe changes in water holding capacities [25, 26, 
27]. Termite activity is also influenced by changes in the organic matter and its quality [28]. This is exemplified by the 
dominance and wide spread occurrence of Cubitermes in the forest, grassland areas and partly abandoned fields. Their 
distribution is probably governed by availability of suitable food and nesting habitats which are altered by the opening 
up of the forest to agriculture. 

Loss of habitat in the grassland was brought about by lighting fires which remove leaf litter and thus destroying 
suitable conditions for soil inhabiting organisms including soil feeding termites. Indeed the presence of leaf litter in 
grassland, forest or in cropland areas is important because leaf litter acts as mulch which helps to retain soil moisture 
making the areas favorable to termites. Similarly, the effect of free range grazing and overgrazing in grassland habitats 
leads to reduction in the number of species in the selected habitat types. Wood [29] reported that decline of termite 
species richness in grassland habitats and croplands is due to different human activities eg forest clearing and regular 
weeding. Termite abundance from different habitats is known to vary from one habitat to another in accordance to 
species type and human activities. In other studies, Magurran [30] showed that biological diversity differs according to 
species type. Probably altering the forest habitat to grassland or agriculture influences food availability, nesting sites 
and reduces natural predators [31]. 

Termites species Richness, Diversity and Evenness 
There were 16 termite species in the primary forest, 13 species in the cropland and 7 species in grassland (Figure 1). 
Probably the number of termite species sampled was under estimated in contrast to studies carried out in Malaysia [32]. 
The cropland harboured approximately more than three quarters of the number of termite species found in the primary 
forest. The lowest species richness was recorded from the grassland possibly because this area is subjected to frequent 
fires and regular cattle grazing. Human activities including agricultural intensification in Southern Gujarat in India has 
shown an increase in foraging activity of subterranean termites due to forest landscape degradation [33]. Species 
evenness in the cropland and forest habitat observed to be high this can explain the availability of good food for 
different termite species in the cropland after opening of the forest habitat. (Table 2). 
The Coefficient of Community Similarity of Termites  
The remaining live trees, logs, dead tree stumps in the cropland after forest opening continue to support most of the 
termite species of the former forest. This implies that the food remaining after forest clearance was adequate both in 
quality and quantity for different termite species. However, the similarity coefficients between the cropland and the 
grassland was 70%.Similarly, comparison between cropland and primary forest was 66%. Furthermore, comparison 
between forest and grassland represent 60% of the species sampled implying that the transition from forest to grassland 
has a much longer history than the change from forest to agriculture.  
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The forest and grassland communities were the least similar implying that the type of food available in these 
communities was very different from each other. The types of food available in two different sites are one of the 
ecological factors affecting the similarity between the sites. The low value of community similarity between forest and 
grassland habitats may have partly been due to human activities [34]. Similarity between habitats is useful for 
establishing ecological species profiles that may guide habitat management decisions, such as priority areas, actions 
and funding allocation, and to facilitate the long-term conservation of multiple species (Table 3). 
 
CONCLUSION 
Termites foraging under different land use were used to assess the effect of disturbance on termite species richness 
diversity and evenness in the selected habitat types. Changes of natural forest habitat to crop land results into reduction 
of termite species richness. This can explain the reduction of termites species richness is due to changes of food 
availability as well as suitable nesting sites. Soil feeding termites were considered as rare species in crop land habitat 
due to intensive agricultural activities.  
 
ACKNOWLEDGEMENTS 
The authors would like to thank the Ministry of Agriculture and Food Security for financial support. Furthermore, 
many thanks are dedicated to Mr Pius Ngwangwa, and Erick Omai for their support during termite sample collection 
also Rufiji district administration for their acceptance to allow this work to be carried out in their district. Thanks are 
also extended to Mr Suya from University of Dar Es Salaam for assisting during termite identification. 

 

REFERENCES 

 
[1]    Andersen AN. My bio-indicator or your? making the selection. J Insect Cons 1999. 3: 61-64 

[2]   Bignell DE, Eggleton P. Termites in ecosystems. In: Abe T, Higashi M, Bignell DE (eds) Termites: evolution, 
sociality, symbioses, ecology. Kluwer. Dordrecht. 2000 

[3]  Eggleton P, Bignell DE, Hauser S, Dibog L, Norgrove L, Madong B. Termite diversity is a cross an anthropogenic 
disturbance gradient in humid forest zone of West Africa. Agric Ecosyst Environ 2002. 90: 189-202. 

[4]   Gathorne-Hardy FJ, Jones DT, Syaukani. A regional perspective on the effects of human disturbance on the 
termites of Sundaland. Biodiv Conserve 2002. 11: 1991-2006. 

[5]   Jones, D. T.; Susilo, F. X., Bignell., D.E., Suryo, H. Gillison, A.N. and Eggleton, P. “Termite assemblage collapse 
along a land use intensification gradient in lowland Central Sumatra, Indonesia”, Journal of Applied 
Ecology, 2003. 40(2): 380-391  

[6]    Attignon SE, Lachat T, Sinsin B, Nagel P, Peveling R. termite assemblages in West-African semi-deciduous 
forest and teak plantation. Agric Ecosyst Environ 2005. 110: 318-326. 

 
[7]   Jones D.T, Verkerk RHJ, Eggleton P. Methods for sampling termites. Leather SR (eds) Insect sampling in forest 

ecosystems. Blackwell, Malden. 2005 

[8]   Shannon, C. E, Weaver W. The mathematical theory of communication. 1949. University of Illinois Press.   

[9]    Zar, J. H. Biostatistical analysis 4th Ed. Prentice-Hall, Inc Englewood cliffs New Jersey. USA. 1999 

[10]   Henderson P. A. and Seaby M. H. Species diversity and richness programme. 2001. Version 2.65. 

[11]   Wolda, H. “Similarity indices sample size and diversity. Oecology, 1981. 50:196-302. 

[12]   Magurran, A. E. Ecological Diversity and Its Measurement 1988.192pp. 

[13]  Okland, R. H.  “Vegetation Ecology: theory, methods and applications with reference to Fennoscadia”, 
Sommerfeltia supplement, 1990. 1: 1-233 

Research Journal of Agricultural and Environmental Sciences                     Page: 11                                 
Available online at www.rjaes.com 



 

Materu et al                                                                                             Res.J.Agr.Env.Sci  Copyrights@2015 

[14]   Hill, G. F. Termites (Isoptera) from Australian region. Community Australia Council Industry Research 
Melbourne 1942. 

[15]   Watson, J. A. L. Barrett R. A. and Lendon, C. Termites In. The physical Features of Kunoth paddock in central 
Australia. CSIRO Division of Land Resources Management Technical paper 1978. No1 4, pp, 101—108. 

[16]   Wood, T. G. and Sands, W. A. The role of termites in ecosystems. 1978. Pp. 245-292 in Brian, M. V. (ed.) 
Production ecology of ants and termites. Cambridge University Press, Cambridge. 

[17]   Collins, N. M. “Observations on the foraging activity of Hospitalitermes umbrinus (Haviland), (Isoptera; 
Termitidae) In the Gunung Mulu National Park, Sarawak”, Ecological entomology, 1979. 4: 231-238. 

[18]   Collins, N. M, and Wood, T. G. “Termite damage and crop loss studies in Nigeria: assessment of damage to 
upland sugarcane”, Tropical Pest Management, 1984. 30: 26-28 

[19]   Breznak, J. A and Brune, A. “Role of Micro organisms in the Digestion of Lignocellulose by Termites”, Annual 
Review of Entomology”, 1994. Vol. 39: 453-487.  

[20]   Eggleton, P., Bignell, D. E., Sands, W., Mawdsley, N. A., Lawton, J. H., Wood, T. G. and Bignell, N. C. The 
diversity, abundance and biomass of termites under differing levels of disturbance in the Mbalmayo Forest 
Reserve southern Cameroon. Philosophical Transactions of the Royal Society of London, Series B 1996. 5: 
561-68. 

[21]   Donovan, S. E.; Eggleton, P.; Bignell, D. E. “Gut content analysis and new feeding groups classification of 
termites (Isoptera)”, Journal of Ecological Entomology, 2001. 26: 3561-3566.  

[22]   De Souza, O. F. and Brown, V. K. “Effects of habitat fragmentation on Amazonian termite communities”, 
Journal of Tropical Ecology, 1994. 10(2): 197-206. 

[23]   Okwakol, M. J. N (2000) “Changes in termite (Isoptera) communities due to the clearance and cultivation of 
topical forest in Uganda”, African Journal of Ecology, 38, 1-7. 

[24]   Jones, D. T and Eggleton, P. “Sampling termite assemblages in tropical forests: testing a rapid biodiversity 
assessment protocol”, Journal of Applied Ecology, 2000. 37:191-203  

[25]   Black, H. I. J. and Okwakol, M. J. N. “Agricultural Intensification, soil biodiversity and agro ecosystem function 
in the tropics: the role of decomposer biota”, Applied Soil Biology, 1997. 6: 37-53. 

[26]   Rubec, C. D. A., P. Lynch-stewart., G.M. Wickware.and I. Kessel-Taylor. Utilisation des terres humides au 
Canada. In: Groupe de Travailnational surles Terres humides (Ed.), Terres humides du Canada. Polyscience 
publications, Montreal 1988. pp. 379-412 

[27]   Gibbs, J. P. “Importance of small wetlands for the persistence of local populations of wet land associated 
animals”, Wetlands 1993. 13(1): 25-31. 

[28]   Wood, T. G., Johnson, R. A. and Ohiagu, C. E. “Populations of termites (Isoptera) in natural and agricultural 
ecosystem in a southern Guinea savanna near Mokwa, Nigeria”, Geo-Eco Tropical, 1977. 1(2): 139-148. 

[29]   Wood, T. G. The effects of clearing and grazing on the termite fauna (Isoptera) of tropical savannas and 
woodlands. In:Progress in soil zoology, procs5th Int.Coll.on, soil Zoology. (Ed.G. Vanek). 1975.  pp. 409-
413. Academic. Prague. 

[30]  Magurran, A. E. Measuring Biological Diversity, Blackwell Science, Oxford 2004 

[31]  Holloway, J. D. A; A. H. Kirk Spriggs, and V. K. Chey. “The response of rainforest insect groups to logging and 
conversion to plantation. Philosophical Transactions”, Royal Society, 1992. 335, 425-436. 

[32]   Tho, Y. P. “The termite problem in plantation forestry in Penisular Malaysia”, Malaysian Forester, 1974. 37: 
278-283. 

 

Research Journal of Agricultural and Environmental Sciences                     Page: 12                                  
Available online at www.rjaes.com 



 

Materu et al                                                                                             Res.J.Agr.Env.Sci  Copyrights@2015 

 

[33]  Kumar, N. G. Studies on the ecology of the subterranean Odontotermes horni (Wasmann) (Isoptera: Termitidae) 
and its foraging effects on the soil nutrient status. PhD Thesis, University of Agricultural Sciences, 
Bangalore. 1991. 254pp.  

[34]   Brokaw, N. V. L. Tree falls regrowth and community structure in tropical forests. Pp 53-71 in Pickett, S. T. A. 
and white P.S. (eds). The ecology of natural disturbance and patch dynamics. Academic Press, London. 
1985. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Journal of Agricultural and Environmental Sciences                     Page: 13                                  
Available online at www.rjaes.com 

 


