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Should I stay or should I go? The role of 
dispersal and cannibalism in exploita-
tion strategies of a predatory mite
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In nature, species can persist despite 
local extinctions, because of dispersal 
among local patches. In predator-prey  
interactions, early dispersal of some 
predators after initial reproduction re-
sults in a decreased predation rate and 
a longer interaction period between 
the predators and their prey in the lo-
cal patch because the offspring of the 
dispersed predator will have more food 
available. Conversely, late predator dis-
persal drives the local prey population to 
extinction faster, resulting in a shorter 
interaction period between the predator 
and its prey. These early and late disper-
sal strategies are known as ‘Milker’ and 
‘Killer’ respectively. When the local prey 
population is depleted, an alternative 
way for the predators to temporarily  
obtain food is through cannibalism. 
Cannibalism occurs in a wide range of 
animal taxa and may significantly affect 
population dynamics. Even though can-
nibalism and dispersal are important 
phenomena for the persistence of popu-
lations, can both be driven by overexploi-
tation, and likely affect each other, they 
have hardly ever been studied together. 
In this thesis, therefore, the central ques-
tion was how exploitation strategies of 
predators are shaped by both timing of 
dispersal and cannibalistic tendency. 

My study system consisted of the  

spider mite Tetranychus urticae and its 
predator Phytoseiulus persimilis. In my  
thesis, I showed that it is possible to  
select for P. persimilis lines with either 
Milker or Killer dispersal strategies. 
Furthermore, I showed that prolonged 
culturing can affect the cannibalistic 
tendency of predatory mites and I ex-
perimentally linked cannibalism and 
dispersal to investigate how these phe-
nomena affect each other. 

Future experimental and theoretical 
studies may help to answer questions 
about the evolution of prudent predation 
and the role of genders in this process. In 
addition, greenhouse experiments could 
answer questions about the efficiency 
of predators with different exploitation 
strategies in biocontrol.
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Malaria is a vector-borne disease that 
is transmitted throughout the year in 
Rwanda. The goal of my Ph.D. thesis was 
to investigate the feasibility of malaria 
elimination in Rwanda and evaluate the 
potential hindrances in rolling out inte-
grated vector management (IVM). 

I first updated the information on 
the distribution of malaria vectors, using 
human landing catches and pyrethrum 

spray catches. This showed changes in 
the species composition of malaria vec-
tors and variation across study sites, 
and confirmed trends in earlier night 
mosquito biting and outdoor malaria 
transmission. Then, two alternative mos-
quito sampling traps were tested. The 
CDC light traps proved to be the most  
effective in sampling Anopheles arabiensis, 
the dominant malaria vector and this 
trap is recommended as an alternative 
method for mosquito monitoring. Fol-
lowing a mass distribution campaign 
of bed nets, I evaluated the physical 
durability of bed nets through prospec-
tive longitudinal surveys. The physical 
serviceable life of bed nets was found to 
be closer to two years instead of three to 
five years claimed by bed net suppliers. 
Then insecticide resistance tests were 
done using the WHO-recommended 
bioassay in tubes. Resistance of malaria 
vectors to pyrethroid insecticides, which 
are used for treatment of bed nets and 
indoor residual spraying, was confirmed 
across the country. The major resistance 
mechanisms were knock down (kdr) 
and metabolic detoxification associated 
to esterase enzymes. Finally, a new com-
munity-based mosquito control interven-
tion using the bacterium Bacillus thuring-
iensis var israelensis (Bti), was tested in 
an irrigated rice ecosystem and in open 
water bodies made of inter-crop drains 
in marshlands and rain water hill dams. 
The mosquito larval control intervention 
reduced larval density and abundance 
up to 90%. Larval control worked equally 
well when implemented by community-
based teams or by expert-supervised  
larval control teams.

This thesis confirmed that the major 
challenges towards malaria elimination 
in Rwanda are associated with inad-
equate quality of indoor vector control 
interventions, behavioral adaptation 
of mosquitoes and a shift in species 
composition of malaria vectors. Sup-
plemental vector control tools, such as 
larval source management, are therefore 
required. Malaria elimination is still 
feasible in Rwanda, but requires tailored 
strategies based on IVM principles and 
integrating new control tools, imple-
mented through empowered community-
based organizations.


