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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. 
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(a) Tsetse fly abundance 

 

(b) Wildlife abundance 

 
 
 
 
 

(c) Human population size 

 

(d) Animal trypanosomiasis 
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(e) Illiteracy rate 

 

(f) Lack of health facilities  

 

Figure 5 a-f: Spatial distribution of factors affecting vulnerability to trypanosomiasis in 

Simanjiro and Monduli districts. 

Combining the various measuments of vulnerability by overlaying figures 5a to 5f revealed 

that Emboreet and Loibor-Sireet wards in Simanjiro district were most vulnerable to 

trypanosomiasis while Engutoto and Monduli Urban were least vulnerable compared to other 

wards (Fig. 6).  
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2.9 Limitation of the study 

This study included few trypanosomiasis risk factors in the vulnerability analysis due to 

relatively rare availability of massive data and complexity of quantifying the trypanosomiasis 

risk factors. 
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CHAPTER THREE 

SEASONAL VARIATION OF TSETSE FLY SPECIES ABUNDANCE AND 

PREVALENCE OF TRYPANOSOMES IN THE MAASAI STEPPE, TANZANIA2 

Happiness J. Nnko1,2*, Anibariki Ngonyoka1,2, Linda Salekwa3, Anna B. Estes1,4, Peter J. 
Hudson4, Paul S. Gwakisa1,3, and Isabella M. Cattadori4 

1School of Life Sciences and Bioengineering, The Nelson Mandela African Institution of 
Science and Technology, Arusha 477, Tanzania,  

2 University of Dodoma, Dodoma, Tanzania,  

3Genome Science Centre and Department of Microbiology, Parasitology and Immunology, 
Sokoine University of Agriculture, Morogoro, Tanzania 

4Center for Infectious Disease Dynamics, Huck Institutes of the Life Sciences and 
Department of Biology, Pennsylvania State University, University Park, PA 16802, U.S.A. 

Abstract 

Tsetse flies, the vectors of trypanosomiasis, represent a threat to public health and economy 

in sub-Saharan Africa. Despite these concerns, information on temporal and spatial dynamics 

of tsetse flies and trypanosomes remain limited and may be a reason that control strategies 

are less effective. The current study assessed the temporal variation of the relative abundance 

of tsetse fly species and trypanosome prevalence in relation to climate variability in the 

Maasai Steppe of Tanzania between 2014 and 2015. Tsetse flies were captured using odor 

baited Epsilon traps deployed in ten sites selected through random subsampling of the major 

vegetation types in the area. Fly species were identified morphologically and trypanosome 

species classified using PCR. The climate dataset was acquired from the African Flood and 

Drought Monitor repository. Three species of tsetse flies were identified namely: G. 

swynnertoni (70.8%), G. m. morsitans (23.4%), and G.pallidipes (5.8%). All species showed 

monthly changes in abundance with most of the flies collected in July. The relative 

abundance of G.m. morsitans and G. swynnertoni was negatively correlated with maximum 

and minimum temperature, respectively. Three trypanosome species detected were recorded: 

T. vivax (82.1%), T. brucei (8.93%), and T. congolense (3.57%). The peak of trypanosome 

                                                           
2 Journal of Vector Ecology 42 (1): 24-33 



 

 

39 

 

infections in the flies was found in October and as three months after the tsetse abundance 

peak. The prevalence was negatively correlated with tsetse abundance.  

A strong positive relationship was found between trypanosome prevalence and temperature. 

In conclusion, we find that trypanosome prevalence is dependent on fly availability and 

temperature drives both tsetse fly relative abundance and trypanosome prevalence.  

Keywords: Glossina, species, seasonality, abundance, Maasai Steppe, Tanzania 
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3.1 Introduction 

The distribution and abundance of vectors is determined by the interplay of three factors: 

suitable climatic conditions, habitat for development and the availability of hosts for food. 

These factors are not independent, since changes in climate not only directly affect the 

conditions for vector development but also indirectly alter vegetation cover and the 

movement of the hosts (Jones et al., 2007; Gage et al., 2008; Reisen et al., 2008; Mills et al., 

2010; Moore and Messina, 2010; Parham and Michael, 2010; Srimath-Tirumula-Peddinti et 

al., 2015). Of the different aspects of climate, temperature has been shown to influence the 

growth and proliferation of trypanosomes within the tsetse fly vector (Walshe et al., 2009). 

There are multiple approaches that can be used to examine the effects of climate variation on 

vector distribution and parasite developments (Moore et al., 2011; Vale and Hargrove, 2015). 

In this paper we examine the within-year fluctuations in temperature and rainfall in the 

Maasai Steppe of Tanzania and how these are associated with changes in relative abundance 

of three Glossina species and the prevalence of trypanosomes within them, which in turn 

affects the likelihood of cattle and humans becoming infected with trypanosomiasis. 

The general consensus among infectious disease ecologists is that changes in climate alter the 

distribution of many infectious diseases (Patz et al., 2003; Gray et al., 2009; Moore et al., 

2011; Huynen and Martens, 2013). Climate envelope models have been used to examine the 

distribution of vectors, as well as calculation of vector vital rates, including transmission rates 

(Epstein, 2001; Anderson et al., 2004; Rödder et al., 2008; Bouyer et al., 2013). Correlations 

between climatic variables and abundance have also been used to examine the impact of 

changes in climate on vector borne diseases (Githeko et al., 2000; Lafferty, 2009; Moore et 

al., 2011; Paaijmans et al., 2012; Mordecai et al., 2013). Both average climatic conditions 

and day to day variation in temperature are known to be important for vector and parasites 

development (Hargrove, 2004; Patz et al., 2005; Terblanche et al., 2008; Kleynhans and 

Terblanche, 2011; Lukaw et al., 2014). For these reasons, studies involved in monitoring 

abundance and prevalence of vectors and pathogens, coupled with records of location and 

climate, have been used to provide insights that can assist in describing the relationship 

between climate variation and vector and pathogens dynamics, and thus an inference of 

seasons and areas at risk of disease.  
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Tsetse fly species have been recorded in more than three quarters of the Tanzania rangelands 

with high abundance in wildlife protected areas and adjacent zones (Lucas et al., 2001; 

Malele et al., 2011a). These flies are vectors for both human and animal African 

trypanosomiasis, and play a significant role in compromising the health of people, livestock 

and economic development (Malele, 2011). Currently, trypanosomiasis threatens the 

livestock sector in Tanzania, which accounts for about 4.7% of the National GDP and 13% of 

the Agricultural GDP (Tumbo et al., 2011). The infection also threatens more than four 

million rural Tanzanians including the Maasai communities (Malele et al., 2006; Malele et 

al., 2011b). Maasai communities are particularly vulnerable to negative impacts of 

trypanosomiasis since their economic status and nutrition are highly tied to livestock 

production. These communities are also challenged by current land tenure, climate change 

and a number of other livestock infections. In addition, information on trypanosomiasis risk 

in Maasai areas is limited, and this compromises vector control programs. 

Recent studies on tsetse fly and trypanosomiasis risks have mainly focused on biological 

aspects of the vector and the protozoa within the Maasai Steppe, and there remains a lack of 

knowledge about climate and its influence on risk of infection (Malele et al., 2006; Sindato et 

al., 2008; Matemba et al., 2010; Malele et al., 2011a; Mramba et al., 2013; Salekwa et al., 

2014; Muse et al., 2015). Therefore, this study was carried out in the Masaai Steppe of 

Tanzania and addressed the following questions: (a) Do tsetse fly abundance and 

trypanosome prevalence vary between months? (b) Is seasonal variation of climate associated 

with tsetse fly abundance and pathogen prevalence? (c) Does tsetse fly abundance influence 

trypanosome prevalence?  

3.2 Methodology 

The tsetse fly sampling was undertaken in Emboreet village in the Simanjiro District, part of 

the Tanzanian Maasai Steppe located between 4° 47' 15" S and 36° 53' 54" E (Fig. 8). The 

area is semi-arid, characterized by grassland savanna with Acacia woodlands, Commiphora 

species, scattered baobab (Adansonia digitata) and sausage (Kigelia africana) trees. The area 

is inhabited by the Maasai people who herd livestock and co-exist and share pasture with 

free-ranging wild ungulate species. Surface water is scarce and seasonal availability 

determines the movement and presence of livestock and the wild animals. Economic 
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activities by the Maasai focus primarily on livestock and more recently agricultural 

production (McCabe et al., 2010). Eco-tourism is important in this part of Tanzania and there 

are several national parks (NP) including Tarangire and Lake Manyara NP.  

 

Figure 9: Location of tsetse fly trapping sites within Emboreet village lands bordering 

Tarangire NP, Tanzania. 

3.2.1 Tsetse fly abundance, trypanosome prevalence and climate data collection 

Temporal abundance of tsetse flies was estimated by monthly sampling for a period of 15 

months in 2014 - 2015 in the village of Emboreet, which borders Tarangire National Park 

(Fig. 9). Sites were selected through stratified random subsampling of the identified four 

(riverine, open woodland, grassland and ecotone) major vegetation types in the area (Bouyer 

et al., 2010). At least one site was chosen in each vegetation type. A total of ten sites were 

identified and three epsilon traps were deployed at each site and located at least 200 m apart 

(Malele et al., 2011a). At each trap, the grass vegetation was cut to ground level and the legs 

of the trap greased to avoid ants consuming caught flies. Each trap was baited with an 
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ecological data are not entirely independent, such that, use of linear model would violet the 

assumption of variable independency. This method allows the modeling of correlated data 

while maintaining a normal distribution of errors (Crawley, 2007). Independent variables 

(i.e., fixed effects) are unknown constants to be estimated from the data while random 

variables (here included as a random effect of the fixed effect intercepts) govern the variance-

covariance structure of the response variable. The minimum parsimonious model was 

considered and presented in our results. To examine the effect of time lag in relative 

abundance of tsetse fly species on prevalence, cross correlation analysis was implemented 

and a delay of up to three months was examined using the 'astsa' package in R (Rao, 2001).  

3.4 Results 

While the goal of this study was to examine the seasonality in the relative abundance of tsetse 

flies and their infection rate, a preliminary analysis was performed to investigate the role of 

habitat in the temporal variation of fly catches. Analysis confirmed that habitat significantly 

affected changes in total fly abundance at the monthly level (appendix 5). Given that the 

resolution of our climatic data covered the habitat selected in our study sites, and considering 

that the role of habitat on tsetse dynamics has been addressed in a study complementing the 

current work (Ngonyoka et al., 2017), my analyses were performed combining the habitat 

together and using the sampling site as a random factor in the analysis to take into account 

spatial variability in fly trapping and trypanosome prevalence. 

During the study period the lowest temperature was recorded in July and the highest in 

February. Rainfall was relatively variable between months, with the maximum amount of 

rainfall recorded in April and the minimum in September (Fig. 10).  
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Figure 10: Monthly variation in total rainfall, and mean, maximum and minimum 

temperature at Emboreet village during the study period. 

3.4.1 Temporal dynamics of tsetse fly relative abundance  

A total of 3000 tsetse flies, comprising three savanna Glossina species, were caught during 

the 15 months of trapping. G. swynnertoni (70.8%) was the most abundant species followed 

by G.m.morsitans (23.4%) and at lowest value, G.pallidipes (5.8%). Temporal changes in 

abundance were recorded in all three species. G.swynnertoni abundance peaked in July, 

followed by September and then March, while G.m.morsitans and G.pallidipes exhibited two 

peaks each: G.m.morsitans peaked in July and March, whereas G.pallidipes peaked in 

November and July (Fig. 11). Differences in abundance of tsetse species were significant for 

a number of months (Table 4). 
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Figure 11: Seasonal variation in tsetse fly species relative abundance, showing the mean 

daily catches as observed at Emboreet village during the study period. 
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Table 4: Linear mixed effect models with the relative abundance of tsetse fly species as 

response and months as explanatory variables; all months are compared to the 

intercept *January. 

 MONTH G.pallidipes G.m.morsitans G.swynnertoni 
 Coef ± 

SE 
Df P Coef ± SE Df P Coef ± SE Df P 

*Intercept 0.004 
±.02 

2236 0.84 0.00001±.07 2236 1 0.04 ±.14 2236 0.79 

February 0.009 
±.02 

2236 0.62 0.007±.35 2236 0.8 0.21 ±.05 2236 <0.001 

March 0.043 
±.02 

2236 <0.05 0.19 ±.35 2236 <0.001 0.24 ±.05 2236 <0.001 

April 0.023 
±.02 

2236 0.26 0.04 ±.35 2236 0.22 0.05 ±.05 2236 0.29 

May 0.042 
±.02 

2236 0.04 0.105 ±.35 2236 <0.01 0.09 ±.05 2236 0.058 

June 0.012 
±.02 

2236 0.52 0 ±.35 2236 1 0.11 ±.05 2236 <0.05 

July 0.147 
±.02 

2236 <.0.001 0.448 ±.04 2236 <0.001 0.83 ±.05 2236 <0.001 

August 0.033 
±.02 

2236 0.07 0.263 ±.03 2236 <0.001 0.33 ±.04 2236 <0.001 

September 0.031 
±.02 

2236 0.08 0.075 ±.03 2236 <0.05 0.31 ±.04 2236 <0.001 

October 0.015 
±.02 

2236 0.38 0.106 ±.03 2236 <0.001 0.13 ±.04 2236 <0.01 

November 0.024 
±.02 

2236 0.25 0.114 ±.04 2236 <0.01 0.09 ±.05 2236 0.083 

Random 
Factor: 
Site 

0.040   0.204   0.440   

AIC value -1031.20   1490.000   2799.000   

3.4.2 Climate - setse fly relative abundance relationships  

A negative relationship was found between relative abundance of G.m.morsitans and 

maximum temperature and between G.swynnertoni and the minimum temperature, while 

relative abundance of G.pallidipes showed no associations with any of the temperature 

variables (Table 5).  

 



 

 

49 

 

Table 5: Linear mixed effect model between tsetse fly species and maximum and minimum 

temperature; *Intercept; G.m.morsitans **Intercept; G.swynnertoni. 

G.m.morsitans G.swynnertoni 
 Coef± SE Df P  Coef± SE Df P 

*Intercept 21.2 ± 3.6 481 0.0000 **Intercept 6.32 ± 8.2 481 0.4 
Tmax -7 ± 2.0 481 0.0004 Tmax 7.9 ± 4.5 481 0.08 
Tmin 1.2 ± 2.0 481 0.5554 Tmin -10.8 ± 4.5 481 0.02 
Random 
effect: Site 

0.79   Random 
effect: Site 

2.5   

AIC value 2266.17   AIC value 3075.9   

3.4.3 Temporal dynamics of trypanosomes prevalence  

A total of 2927 tsetse flies were sent to laboratory for analyzing infection rate and the 

summary report is appended as appendix 6 in the appendix section. Most of the tsetse fly 

infections were from T.vivax (82.1%), with proportionately fewer from T. brucei (8.93 %) 

and T.congolense (3.57%). Co-infections with T.vivax and T.brucei were the most common 

(3.57%) while T. vivax-T.congolense and T. vivax-T.brucei-T.congolense were rare and only 

0.89% each. Further analysis of T. brucei positive flies found no human infective species, 

specifically T. brucei rhodensiense. The highest upper and interquartile values of 

trypanosome prevalence were recorded in October, while lowest quartiles and interquartiles 

of prevalence were recorded in January. These results suggest that October consistently 

scored the highest prevalence and January the lowest compared to the other months (Fig. 12). 

In general, prevalence of trypanosomes increased from January to November with some 

monthly fluctuations, but only the peak in October was significant (Table 6). 
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Figure 12: Monthly variation in trypanosome prevalence as observed at Emboreet village 

during the study period. The 25%, 50% and 75% quantiles and maximum and 

minimum values are reported. 
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Figure 14: Relationship between trypanosome prevalence and tsetse fly relative abundance 

as observed at Emboreet village during study period. Points are prevalence of 

trypanosomes relative abundance in tsetse and the line represents the best 

exponential model fit. 

3.5 Discussion 

The relationship between seasonal variation of climate and tsetse fly abundance or 

trypanosome prevalence in the Maasai Steppe of Tanzania has not received adequate 

attention. Yet this area has abundant wildlife reservoir hosts of zoonotic diseases, it is also 

heavily used by livestock and can be a potential hot spot for infectious diseases of human 

concern, including the neglected tropical disease, trypanosomiasis. In order to fill this gap in 

knowledge, the current study addressed this concern by performing a longitudinal sampling at 

Emboreet village in 2014 - 2015.  
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This study identified G. swynnertoni and T.vivax as the most dominant tsetse fly and 

trypanosome species, respectively. The study has clearly shown temporal variation in relative 

abundance of different species of tsetse flies that appeared to be mainly associated with a 

negative effect of minimum and maximum temperature. Furthermore, we have shown 

temporal variations of trypanosome prevalence that was significantly affected by maximum 

temperature. It was revealed that trypanosome prevalence peaked three months after the peak 

in tsetse fly relative abundance, however, a negative exponential relationship was found 

between tsetse fly relative abundance and trypanosome prevalence, where lower tsetse 

abundance is associated with higher prevalence of trypanosomes. 

The relatively large number of G.swynnertoni reported in this study confirms the findings by 

Sindato et al. (2007) and Salekwa et al. (2014) who also reported dominance of 

G.swynnertoni in the same area. Dominance of this species may suggest that even though the 

other two species, G. pallidipes and G.m.morsitans, can pose potential risk as vectors for 

trypanosomiasis, G. swynnertoni could still be the most important species in driving the 

epidemiology of infection in the area. Predominance of T.vivax was expected since it is 

known to be a widely distributed species due to both mechanical and cyclical transmissions 

(Dagnachew and Bezie, 2015). Predominance of T.vivax around the Maasai Steppe has also 

been reported in other studies (Adams et al., 2010; Swai and Kaaya, 2012). Okoh et al. 

(2012) also found predominance of T.vivax from investigation carried out in one of the 

national parks of Nigeria. Since persistence of T.vivax requires only one fly and three to four 

animal hosts (Rogers, 1988), presence of numerous wild ungulates and cattle in the study area 

further support the dominance of T. vivax. Further analysis of T. brucei positive samples did 

not indicate presence of human infective trypanosomes; however, these negative results 

should not support the notion that the Masaai Steppe is a sleeping sickness free zone. The 

lack of positive cases may be attributed to the fact that human infective trypanosomes are 

usually at low prevalence and often not captured in relatively low sample size. Auty et al. 

(2012) reported similar finding in a study carried out in Serengeti NP. Nonetheless, there is 

also a chance for false negative results since this study did not run confirmatory test for false 

negative which is based availability of enough genetic material. Although amount of DNA 

was quantified by using spectrophotometry to meet protocol requirement, running another 

single gene copy PCR alongside the SRA PCR would have cleared the doubt (Picozzi et al., 
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2008). When genetic material available for reaction is enough, it is expected that, the 

phospholipase C gene (GPI-PLC), a single copy gene found within T. brucei savanna will be 

positively amplified (Mensa-Wilmot et al., 1990). 

Tsetse fly relative abundance was greatest in July, whereas relatively low catches were 

recorded in January. In general, the months with high catches corresponded to a dry period. 

At this time of the year, adult tsetse flies rely entirely on available host blood (Hargrove, 

2004) and they appear to be well adapted to this dry environment. It is possible that the 

concentration of available animals around resources like water and food offers good 

opportunities to overcome the extreme dry climate while allowing the reproductive life cycle 

of the fly to continue. Indeed, in the dry months of the Maasai Steppe, wild animals and 

livestock congregate and feed on bushes where food and protection are available and tsetse 

flies have access to the hosts for blood. Since there is a frequent interaction between vectors 

and hosts, this period can pose a high risk for animal trypanosomiasis. The presence of 

relatively high abundance of flies during the dry seasons has also been reported (Sindato et 

al., 2007; Lukaw et al., 2014). However, it is also possible that flies are more mobile during 

dry months and, thus, while the catch increases, the actual abundance might remain un-

changed. Similarly, the availability of hosts may also increase during this period, as a 

consequence of resource driven animal movements, and when the hosts move through the 

trapping areas, the catch rate increases. In addition, this observation may have been 

influenced by the fact that only hungry flies would enter the trap while the fed traps prefer 

resting under the shade. Also, epsilon trap mostly used in trapping savannah tsetse fly species 

(morsitans group) might have introduced biases in data since the savannah group is attracted 

to bigger traps. For these reasons the recorded variation in abundance does not necessarily 

reflect the abundance in the entire area but it gives an understanding of what to expect in 

different seasons within this area. 

There was no strong relationship between climate parameters and G.pallidipes, but a 

significant negative relationship between minimum temperature and G.swynnertoni and 

maximum temperature with G.m.morsitans was observed. The weak relationship between 

G.pallidipes and climate parameters could be associated with the ability of this species to 

thrive at low abundance in different areas and under mild climatic conditions (Pollock, 1982). 
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host (Akoda et al., 2009). It appears from in-vitro experiments that the process of 

differentiation of trypanosomes from the blood stream form to the procyclic form initiates 

and continues the multiplication when temperature is between 270C / 260C to 370C (Brown et 

al., 1973; Bienen et al., 1980; Milne et al., 1998; Li et al., 2003). Other laboratory 

experiments concluded 25°C to 28°C as the optimum temperature for growth of 

trypanosomes but slow growth occurs up to 37 °C (Cross and Manning, 1973). Generally, 

high temperature shorten the duration of trypanosome development cycles within the tsetse 

fly (Moore et al., 2011). This study reported infections between 260C to 360C and with the 

highest infection rates at around 310C. There could be two reasons for this observation; first, 

there is the rapid differentiation and proliferation of trypanosome species at temperature 

between 260C and 370C as suggested by laboratory studies; the second, nutritional stress 

could affect these patterns where high temperatures induced quick digestion of blood meals 

in the tsetse fly leading to more frequent feeding events, and hence increased risk of 

infection. Other exo-endogenous factors might also play an important role, such as quality of 

blood source, type of tsetse fly midgut enzymes, and quality of parasite surface coat, though 

they were beyond the scope of this study (Kubi et al., 2006; Akoda et al., 2009; Geiger et al., 

2015). 

Peaks in trypanosome prevalence lagged behind tsetse fly abundance peaks and confirmed 

previous findings by others (Rogers, 1988). This observation may be partly because tsetse 

flies catch infections from hosts, and I suspect the flies to be susceptible to low immunity 

during low fly abundance and vice versa, but we did not have data to test this. Inverse 

relationship between tsetse fly relative abundance and their infection rates was relatively 

similar to reported paradox where low tsetse fly abundance resulted to a serious 

trypanosomiasis in animals and vice versa. This situation is probably attributed to the fact 

that high proportion of tsetse flies is resistant to trypanosomiasis infections and thus they do 

not develop mature infections. For this reason infection is aggregated in only susceptible part 

of tsetse population (Kubi et al., 2005). Since tsetse fly infection rates depends on prevalence 

of trypanosomes in the vertebrate host populations, the observed general inverse relationship 

between tsetse fly relative abundance and trypanosomes prevalence implies that there is a risk 

of trypanosomiasis infection by vertebrate hosts regardless of tsetse fly abundance. 

Nonetheless, very low vector abundance lowers the prevalence as shown in January, 
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indicating that a threshold of tsetse fly abundance is important for trypanosome infections to 

occur. 

In summary, this study highlights seasonal patterns of tsetse fly burden and trypanosome 

prevalence. This information can inform stakeholders on months in which there is the highest 

risk of trypanosomiasis infection in the Maasai Steppe, where this information is limited or 

unavailable. Also, the established temporal patterns of vector and parasites together with 

climate relationships can provide fundamental information needed when developing 

predictive models of the temporal dynamics of tsetse fly species relative abundance and their 

infection rates. Nonetheless, it is important to recognize the possible role of other factors 

associated with changes in climate and how they may affect trypanosomiasis dynamics. 

Furthermore, the experimentation of G.swynnertoni and G.m.morsitans thermal tolerance 

under field conditions is recommended in order to explain the variation of temperature effects 

to this species reported in this study. 
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3.7 Limitation of the study 

Climate data used in this study have limitations of spatial resolution since the trapping sites 

fall into only two grids of satellite climatic data. There were no local station data on-the-

ground or alternative high resolution data for the study area and this is somehow a limitation 

of this study. 
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CHAPTER FOUR 

PREDICTED IMPACTS OF CLIMATE CHANGE ON SPATIAL AND TEMPORAL 

DISTRIBUTION OF TSETSE FLY SPECIES IN THE MAASAI STEPPE3 

Happiness J. Nnko1, 2*, Paul S. Gwakisa3, Anibariki Ngonyoka1, 2 Calvin Sindato 4, 5 and Anna 
Estes1, 6, 

1The Nelson Mandela African Institution of Science and Technology, Arusha Tanzania, 
2University of Dodoma, Dodoma Tanzania,  

3Sokoine University of Agriculture, Morogoro, Tanzania  

4National Institute for Medical Research, Tabora, Tanzania,  

5Southern African Centre for Infectious Disease Surveillance, Morogoro Tanzania and. 
6Pennsylvania State University, Pennsylvania, United States. 

Abstract 

Tsetse flies are the main vectors for trypanosomiasis, a debilitating and fatal disease to 

livestock (African Animal Trypanosomiasis - AAT) and humans (Human African 

Trypanosomiasis - HAT) if not treated. Although climate is an important determinant of 

tsetse fly occurrence, few predictions have been made concerning likely climate change 

effects on tsetse fly distribution and the disease they transmit. Existing prediction such as the 

impact of climate change on tsetse fly distribution in Eastern Africa and SADC region are too 

coarse in scale to be useful in understanding and predicting vector and disease dynamics at 

the local scales necessary to design and implement mitigation strategies. This study therefore 

used MaxEnt (Maximum Entropy) species distribution modelling (SDM) and ecological 

niche modeling tools to estimate the potential distribution of G. m. morsitans, G. pallidipes 

and G.swynnertoni in the Maasai Steppe of Tanzania, based on unique occurrence records of 

each species (n = 32, 59 and 29 respectively), current and future climate, and altitude. Future 

prediction scenarios indicated that by the year 2050, the habitable area of Glossina m. 

morsitans, Glossina pallidipes and Glossina swynnertoni may decrease by up to 23.13%, 

12.9% and 22.8% of current suitable habitat (19 225 km2, 7113 km2 and 32 335 km2), 

respectively. 
                                                           
3Manuscript to be submitted for publication: PloS Neglected Tropical Diseases 
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This information can serve as a useful predictor of potential trypanosomiasis hotspots. 

Distribution maps generated by this study can be used as guides by tsetse fly control 

managers, health and livestock officers to set priorities for surveys and surveillance 

programs.  

Keywords: Climate change, Maasai Steppe, tsetse fly, MaxEnt, SDM, 
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tsetse occurrence. The transmission of trypanosomiasis is a function of tsetse fly competence, 

and the ecology and behavior of available hosts. This leads to spatial variation of disease 

burden depending on the distribution of biotopes necessary for tsetse flies to thrive. For this 

reason, mapping the occurrence of the vector tsetse fly is a useful predictor of 

trypanosomiasis distributions, and can help predict areas with high risk of transmission. 

In many parts of sub-Saharan Africa, trypanosomiasis remains a debilitating and fatal disease 

to livestock and humans if not treated. For instance, trypanosomiasis in livestock causes loss 

of over 4 billion USD due to 70% reduction of cattle density, 50% reduction in diary and 

meat sales, 20% reduction in calving rates, and 20% increases in calf mortality in Sub-

Saharan Africa (Swallow, 1999). In Tanzania, over 65% of rangeland savannah ecosystems 

are infested with tsetse flies (Malele et al., 2011b), exposing at least 4 million people in rural 

communities to the risk of contracting sleeping sickness, and leading to USD 8 million loss 

due to low livestock productivity induced by nagana (Sindato et al., 2008; Malele et al., 

2011b; Daffa et al., 2013). Trends in climate, land use and associated socioeconomic 

transformation are expected to evoke modification of these rangelands, and hence tsetse 

distribution. However, empirical evidence to support this phenomenon is lacking in the 

country. In addition, information that could aid planning for future preparedness is rare to 

find in the country and absent at local scales. For example, in the Maasai Steppe in northern 

Tanzania, knowledge of current and future spatial-temporal distribution of tsetse flies is not 

publicly available, and often based on old data. Furthermore, there is no information on how 

predicted changes in climate will alter the distribution of trypanosomiasis vectors, which is a 

gap this study aimed to address. Because resources for controlling tsetse and trypanosomiasis 

are generally scarce, understanding potential impacts of climate on tsetse fly distribution in 

space and time is essential for informing coherent strategies for vector and disease control. 

A number of scientific approaches have been used to understand the potential impacts of 

climate on spatial and temporal distribution of disease vectors. Some of the approaches 

include climate envelope models and correlations between climatic variables and vectors 

(Rogers and Packer, 1993; Baker et al., 2000; Githeko et al., 2000; Watling et al., 2012). 

Climate envelopes are species distribution models that use climate data to define climate 

suitability for species to occur (Watling et al., 2013). Specifically, climate envelope models 
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Geographically this area is located between 1.5 to 5° South latitude and 35 to 37° East 

Longitude (Fig. 15). It covers an area of more than 60 000 km2 with a population of over 600 

000 people, mainly practicing pastoralism and agro-pastoralism. The region is semi-arid, 

receiving 200 - 600 mm of rainfall per annum in two peaks. Rainfall patterns dictate 

movement of pastoralists and their herds and wildlife in search for water and pastures. 

Movement in search of these common resources increases the likelihood of disease 

transmission between domestic animals, people and wildlife. The main economic activities in 

the area are livestock keeping, subsistence and mechanized agriculture. Tourism also 

provides income to some communities since there are number of different form of protected 

areas such as national parks, conservancies hunting areas and tourism concessions on village 

lands located within the Maasai Steppe (Kshatriya et al., 2007). Increasing conversion to 

agriculture in the study area reduces the available land for livestock to graze and 

consequently pushes people and their livestock into areas infested with tsetse flies, thus 

increasing the potential for disease transmission to livestock and humans. 
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Figure 15: Map of the study area showing the main districts (Kiteto, Longido, Monduli and 

Simanjiro) forming the Maasai Steppe.  

4.3 Data collection 

4.3.1 Species occurrence data 

This study targeted three savannah Glossina species G. m.morsitans, G.pallidipes and 

G.swynnertoni, commonly found in the Maasai Steppe. Glossina species abundance data 

were collected through entomological field surveys carried out once in the dry season and 

once in the wet season, where trap was left on site for six days and emptied every 24 hours. A 

total of 99 baited epsilon traps (Hargrove et al., 1995) were placed in four villages near 

protected areas in Simanjiro and Monduli districts. Traps were deployed in November 2014 
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were potential for attracting tsetse flies. For this reason, background data were sampled from 

the whole study area (Phillips et al., 2009; Peterson et al., 2011; Bradley, 2016). 

4.3.3 Climate layers 

Predictive models of tsetse species distribution were made using the occurrence data and 

current climate variables (Table 7). The initial candidate layers considered in the model were 

elevation, precipitation of the wettest month (April), mean maximum temperature of the 

warmest month (February), mean maximum temperature of the driest month (September) and 

mean minimum temperature of the coldest month (July). Both maximum and minimum 

temperature affects tsetse fly activity patterns and plays an important role in determining the 

development of tsetse flies at each life stage (Hargrove, 2001; Hargrove, 2004). Since tsetse 

flies rely entirely on blood meals, no information is known on effects of precipitation on 

tsetse fly species except reports that indicate fluctuation of abundance during rainy season 

(Van Den Bossche and De Deken 2002; Sindato et al., 2007; Lukaw et al., 2014). However, 

it is thought that rainfall, apart from maintaining vegetation and humidity for tsetse fly to 

thrive, it also affects tsetse fly species indirectly by causing local flooding which may drown 

pupae that are buried in loose soil (Pollock, 1982) and so it was included in predictor 

variables. Elevation, which is a proxy for temperature, was also used as a predictor variable 

in order to gain insight regarding the potential altitude limit for tsetse fly species. 

Models created using current climate variables were mapped on to future climate layers to 

understand how changing climate might influence tsetse distribution and thereby 

trypanosomiasis risk. For the future climate projection scenario (year 2050), this study used 

833.33m resolution Coupled Model Inter-comparison Project (CMIP5) global circulation 

model (GCM). General Circulation Models (GCM) are detailed grid-based simulations of 

weather that use atmospheric physics to predict events over time (hourly, daily and even 

longer periods of time). Of recently the GCMs have become popular and more reliable as the 

knowledge of physics of the atmosphere and computational capacity of computers increases. 

Normally, the GCM experiments apply forcing and CO2 (carbon dioxide emissions added to 

the atmosphere through human activities such as burning fossil fuels, farming etc) is 

considered a primary variable. Levels of expected carbon emissions are referred to as 

emission scenario and so each scenario is grounded on a number of assumptions such as 
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Criterion (BIC) (Anderson and Burnham, 2002) for a model fit with four, three and two 

variables, respectively (Table 8). This method selects the fitted approximating model (the 

most parsimonious model). The model that was most parsimonious in this study (lowest AIC, 

AICc, BIC and high area under the receiver operating curve (AUC) value) had all four 

variables: precipitation of the wettest month, mean maximum temperature of the warmest 

month, mean minimum temperature of the coldest month and altitude. The best model for 

each species was validated using 10 fold cross validation, with the averages of 10 model runs 

representing the final output. Model performance as well as the contribution of predictor 

variables were assessed by using AUC and variable importance was assessed using the 

relative gain contribution of each variable and jackknife tests compared using AUC, test gain 

and regularized training gain. Marginal and single variable response curve were used to 

depict the relationship between different tsetse fly species and predictor variables. Final 

outputs included predictive maps of the probability of tsetse species presence based on 

climate suitability. 

4.6 Results 

4.6.1 Model selection  

The distribution models for each tsetse fly species performed better than base/random 

(AUC>0.5). The model that included all four predictor variables performed the best (Table 

8), and the results presented in all subsequent sections are based on that model. 
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a) Current climate suitability map for G.m.morsitatns 
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b) 2050 Climate suitability map for G.m.morsitatns based on RCP 4.5 
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Figure 16: Current and future (2050) climate suitability maps for the best performing model with the G.m.morsitans occurrence data, and all 4 

environmental variables: elevation, precipitation of the wettest month (April), mean maximum temperature of the warmest month 

(February), and mean minimum temperature of the coldest month (July). 
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Figure 17: Column A shows marginal response curves and Column B single variable 

response curves for the best performing model with G.m.morsitans occurrence 

data. Temperature is reported in 0C * 10. 
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4.6.3 Variable contribution and climate suitability map for G. pallidipes 

Precipitation of the wettest month accounted for more than two thirds (60.4%) of the variation in climate suitability, followed by altitude (23%) 

and maximum temperature of the warmest month (16.6%). Based on 10 percentile training presence logistic threshold, the model showed that 

current suitable climate for G.pallidipes covers 11% (7113 km2) of the Maasai Steppe and by 2050, the model indicated only 918 km2 with 

suitable climate for this species (Fig. 19a, b). 

a) Current climate suitability map for G.pallidipes 
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b) 2050 Climate suitability map for G.pallidipes based on RCP 4.5 
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Figure 19: Current and midcentury (2050) climate suitability map for the best performing model with the G.pallidipes occurrence data, 

including all 4 variables. 














































































































