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Abstract 

1. Continual effort is needed to reduce the impact of exotic 
species in the context of increased globalization. Any inno-
vation in this respect would be an asset. 
2. We assess the potential of combining two pest control 
techniques: the well-established sterile insect technique 
(SIT) and a novel male-killing technique (MKT), which 
comprises inoculation of a pest population with bacteria 
that kill the infected male embryos. 
3. Population models are developed to assess the efficiency 
of using the MKT for insect pest control, either alone or 
together with the SIT. We seek for conditions under which 
the MKT weakens requirements on the SIT. 
4. Regarding the SIT, we consider both non-heritable and 
inherited sterility. In both cases, the MKT and SIT benefit 
one another. The MKT may prevent the SIT from failing 
when not enough sterilized males are released due to high 
production costs and/or uncertainty on their mating ability 
following a high irradiation dose. Conversely, with already 
established SIT, pest eradication can be achieved after in-
troduction of male-killing bacteria with lower vertical 
transmission efficiency than if the MKT was applied alone. 
5. For tephritid fruit flies with non-heritable sterility, max-
imal impact of the SIT is achieved when the released males 
are fully sterile. Conversely, for lepidopterans with inherit-
ed sterility, maximal impact of the SIT is achieved for in-
termediate irradiation doses. In both cases, increasing verti-
cal transmission efficiency of male-killing bacteria benefits 
the SIT; high enough vertical transmission efficiency al-
lows for pest eradication where the SIT is absent or induces 
only pest suppression when used alone. 
6. Synthesis and applications. While both techniques can 
suppress or eliminate the pest on their own, combined ap-
plication of the male-killing technique and the sterile insect 
technique substantially increases pest control efficiency. If 
male-killing bacteria are already established in the pest, any 
assessment of the sterile insect technique needs to account 
for their presence; otherwise, management recommenda-
tions could be exaggerated and unnecessarily costly. 

The full paper was published in: Journal of Applied Ecology (in press, 
early view) 
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Abstract 

Bumblebees are ecologically and economically important 
pollinators, and the value of bumblebees for crop pollina-
tion has led to the commercial production and exporta-
tion/importation of colonies on a global scale. Commercial-
ly produced bumblebee colonies can carry with them infec-
tious parasites, which can both reduce the health of the col-
onies and spillover to wild bees, with potentially serious 
consequences.  

The presence of parasites in commercially produced bum-
blebee colonies is in part because colonies are reared on 
pollen collected from honey bees, which often contains a 
diversity of microbial parasites. In response to this threat, 
part of the industry has started to irradiate pollen used for 
bumblebee rearing. However, to date there is limited data 
published on the efficacy of this treatment.  

Here we examine the effect of gamma irradiation and an 
experimental ozone treatment on the presence and viability 
of parasites in honey bee pollen. While untreated pollen 
contained numerous viable parasites, we find that gamma 
irradiation reduced the viability of parasites in pollen, but 
did not eliminate parasites entirely. Ozone treatment ap-
peared to be less effective than gamma irradiation, while an 
artificial pollen substitute was, as expected, entirely free of 
parasites.  

The results suggest that the irradiation of pollen before us-
ing it to rear bumblebee colonies is a sensible method 
which will help reduce the incidence of parasite infections 
in commercially produced bumblebee colonies, but that 
further optimisation, or the use of a nutritionally equivalent 
artificial pollen substitute, may be needed to fully eliminate 
this route of disease entry into factories. 

The full paper was published in: Journal of Invertebrate Pathology: 
136: 68-73 (2016). 
  


