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Apart from vegetation and host availability, geographical distribution of tsetse fly is highly 

determined by climate; too hot or too cold climate is unfavorable for their survival. This 

partly explains why, tsetse flies are not found in southern and northern Africa where is too 

cold and hot respectively. Also, climate particularly temperature affects tsetse fly 

development rate and activities and thus seasonal variation of their abundance (Torr and 

Hargrove, 1999). Specifically, temperature affects tsetse fly rates of larval production and the 

hatching rate/pupal development rate. Hargrove (1994) observed that the rate of larva 

production become shorter at lower temperatures and under field condition compared to 

laboratory estimates. The first larva production may take longer, but production of 

subsequent larva takes maximum of 12 days at lower temperatures (Hargrove, 2004). Tsetse 

fly emerge from pupal at a temperature of between 160C - 320C, the higher the temperature, 

the shorter the development rate and vice versa (Hargrove, 2004). Tsetse mortality at various 

stages such as larva abortion, pupal mortality, adult mortality is also influenced by 

temperature, although other non-natural and natural factors too play part. 

Climate change is expected to impact the distribution tsetse fly in Africa, nonetheless, 

predictions of how the impacts will change tsetse fly distribution do not all agree in terms of 

geographical extent of the range, but many concludes on range shift. Some have predicted a 

large range shift of up to 60 %, by the year 2090 (Moore et al., 2011). Rogers and Packer 

(1993) also predicted overall reduction of suitable range for tsetse flies, but also a spread out 

of suitable range particularly in high-altitude areas that currently exclude the species due to 

low temperatures in some parts of East Africa due to climate change in the region. In the 

SADC region, Hulme (1996) predicted a contraction of G. m.morsitans geographic range 

owing to climate change.  

Occurrence of tsetse flies and trypanosomes not only pose public health risks, but also 

financial threat. For instance, the presence of tsetse flies threatens African livestock sector 

development and can cost between $600 thousand and $1.3 billion a year (Moore and 

Messina, 2010) for disease control and treatment.  
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1.2.4 Climate effects on trypanosomes and trypanosomiasis transmission  

Trypanosomes are protozoa of the genus Trypanosoma, which are transmitted mainly through 

bites of infected tsetse flies when sucking blood from hosts. The parasite Trypanosoma 

species go through various developmental stages in tsetse fly and mammalian host (Fig.1). 

 

Figure 1: The life cycle of Trypanosoma species. 

Source: Modified from Genome Research Project, www.yourgenome.org/facts/what-is-

african sleeping-sickness. 

In tsetse fly, the trypanosome starts by transforming itself from blood stream form to non-

infective forms (procyclic) in midgut. The parasite completes its life cycle by transforming 

into epimastigotes that move from midgut to salivary gland where it changes to infective 

metacyclic form. The development of trypanosomes from one stage to another in the tsetse 

fly is regulated by the environmental temperature; the higher the temperature the quicker the 

transformation process (Akoda et al., 2009). The infection is introduced into skin tissues of 

the mammalian host during tsetse fly feeding. From the skin tissues the trypanosome enters 

the lymphatic system and passes into blood stream where it changes into trypomastigotes that 

travels to other body fluid parts including lymph and spinal fluid and continue binary fusion 

replication. Trypanosomes transmit trypanosomiasis, a disease of both humans and animals. 

In animals, the form of the disease is commonly known as nagana or African Animal 

Trypanosomiasis (AAT), and in human is referred to as sleeping sickness or Human African 

Trypanosomiasis (HAT). AAT is mainly caused by Trypanosoma congolense, Trypanosoma 
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vivax and Trypanosoma brucei subspecies brucei (Clarkson, 1976) commonly found in tsetse 

belt of sub Saharan Africa (Fig 2a) and HAT is caused by Trypanosoma brucei rhodesiense 

(predominant in East Africa) and Trypanosoma brucei gambiense (predominant in West 

Africa) (Fig 2b). At present, trypanosomiasis affects more than 25 sub-Saharan Africa 

countries, but its distribution has been changing because of factors such as changes in climate 

where by models have predicted the epidemics to occur when mean temperatures are between 

20.780C and 26.180C (Moore et al., 2011). Other factors that affect the distribution include 

host availability (wild animals, hereafter referred to as wildlife, livestock and humans), 

suitable habitat, awareness of the disease, and socio-cultural practices (Moore and Messina, 

2010; Simarro et al., 2012; Rutto et al., 2013).  

Seasonal variations of climate affect transmission of trypanosomiasis. In particular, seasonal 

fluctuations of temperature affects tsetse fly abundance, mortality rate, biting rates and 

trypanosome development rates (Moore et al., 2011). The seasonality may increase pathogen 

burden and consequently heighten the risk to public health. The reason for this is that 

seasonal temperature fluctuations may modify interactions between parasites, vectors and 

hosts by re-synchronizing climate-sensitive development stages. Consequently, parasite 

transmission dynamics is altered, in part by changing the biology of vectors or parasite 

infectious stages, behavior of hosts, and immunity to infections (Githeko et al., 2000; Altizer 

et al., 2006).  

Because of the complex interactions of environment, vectors, parasites and hosts approaches 

to study vulnerability to diseases and how climate affects infectious diseases require a 

framework that combines and integrates the ecology and role of all climate sensitive 

parameters of disease transmission, and adaptive capacity of a community but this kind of 

approach is challenged by large data requirements. Recent work on climate change influences 

on HAT, for example, incorporated both host and vector parameters to understand the effect 

of temperature-dependent parameters on R0 (the basic reproduction number) (Moore et al., 

2011). R0 is defined as the expected number of secondary cases produced by a single 

infection in a completely susceptible population. However, no studies of this kind had 

previously been done in the Maasai Steppe. This study therefore sought to identify places 

most vulnerable to trypanosomiasis, tsetse and trypanosome dynamics with the aim of 
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identifying locations and climatic conditions with increased risks of trypanosomiasis 

transmission. Uncovering temporal patterns of vector abundance and parasite prevalence in 

relation to climate parameters provides information useful for understanding local climate 

effects on tsetse and trypanosomes dynamics, and thus an inference of seasons and areas at 

risk of disease.  

 

Figure 2: Map of Africa showing tsetse belt and risks areas for; a) AAT and b) H AT. 

Source: https://www.acsu.buffalo.edu/~lread/trypanosomiasis.html 

1.3 Problem statement  

Maasai Steppe is regarded as a high risk area for trypanosomiasis in Tanzania because of 

high tsetse fly abundance, and extensive interaction between domestic animals, wildlife and 

human, but the distribution of vectors and infection rates are not clearly known. Although 

HAT is not always found in many areas where tsetse flies are found possibly due to generally 

low prevalence of the human-infective trypanosomes (Auty et al., 2012), hospital records 

confirmed previous presence of HAT in the area (Magugu hospital chief physician personal 

communication). Climate change in the form of increasing temperature and more variable 

rainfall is expected to increase interactions between wildlife and livestock, as common 

https://www.acsu.buffalo.edu/~lread/trypanosomiasis.html
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1.6 Significance of the study 

The findings of this study will provide information that can inform stakeholders about the 

time of the highest burden of tsetse flies and risks associated with trypanosomiasis infection 

in the Maasai Steppe, where this information is limited or unavailable. Also, the established 

spatial and temporal patterns of vector and parasites, together with climate relationships, can 

provide fundamental information needed when developing predictive models of the spatial-

temporal dynamics of the relative abundance of individual tsetse fly species and their 

infection rates.  

 









https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Murray%2c+M.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Murray%2c+M.%22
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ward (Simanjro district) and Oltukai in Esilalei ward (Monduli district) were purposively 

selected based on their proximity to PAs and trypanosomiasis vulnerability level. 

 

Figure 4: Map of Simanjiro and Monduli districts showing location of study wards and 

villages. 

Note: Wards are labeled as follows: 1 = Emboreet, 2 = Engaruka, 3 = Engutoto, 4 = Esilalei, 5 

= Loibor-Siret, 6 = Loiborsoit, 7 = Lolkisale, 8 = Makuyini, 9 = Meserani, 10 = Moita, 

11 = Monduli Juu, 12 = Monduli Urban, 13 = Msitu wa Tembo, 14 = Mto wa Mbu, 15 

= Naberera, 16 = Ngorika, 17 = Oljoro No.5, 18 = Orkesment, 19 = Ruvu Remit, 20 = 

Selela, 21 = Sepeko, 22 = Shambarai, 23 = Terrat. The four study villages within those 

wards are indicated as bright colored polygons and shown on the legend. The insert is 

the map of Tanzania showing location of study districts. 






























































































































































































































