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Overview 
 

Ionising radiation is damaging to organisms. These 

effects are relatively well characterised for humans, 

but knowledge of how wildlife is affected by exposure 

to radiologically contaminated environments is 

comparatively sparse. Major uncertainty surrounds 

the dose rate thresholds necessary to trigger different 

forms of biological damage, cause fitness loss in the 

wild and disrupt ecosystems. Research to clarify this 

uncertainty sheds light on fundamental biological 

processes, provides assessment of the ecological 

impacts of radiological contamination on wildlife and 

provides the evidence base for the monitoring 

frameworks governing regulated releases of 

radionuclides into the environment from industrial, 

research and medical sources.  

 

Much recent research on this topic has focussed on 

the Chernobyl exclusion zone, established to restrict 

human access to the most radiologically contaminated 

environments after the Chernobyl nuclear accident in 

1986. This work has generated major controversy: 

using contrasting methods and study organisms, some 

results suggest wildlife suffers minimal or no 

consequences from current radiation levels, whilst 

other data indicate substantial deleterious effects at 

dose rates that are not elevated far above 

background. Resolving which of these perspectives is 

correct is a major aim of current investigations. 

 

This PhD project builds on our research over the last 

2.5 years that has combined fieldwork in the 

Chernobyl Exclusion Zone and low dose chronic 

laboratory exposures to determine the impact of 

  
 

ionizing radiation on invertebrates. Our recent data 

from the field and the lab suggests that radiation 

exposure drives fitness loss in bumblebees at dose 

rates significantly lower than those previously thought 

to be damaging. We studied infection by the common 

bumblebee gut parasite, Crithidia bombi. Our work 

indicates that these effects of radiation are in part 

mediated by elevated parasite infection susceptibility 

under conditions of radiological contamination. 

 

This PhD aims to investigate the impacts of 

radiation exposure on infection resistance, 

focussing principally on bumblebees. It will 

combine field work in the Chernobyl exclusion 

zone with laboratory work at Stirling University in 

collaboration with CEH Lancaster.  

 

The precise objectives of this PhD are flexible and 

could be tailored around the interests and expertise 

of the applicant. The following outline represents one 

potential integrated programme of research.  

 

Research Questions: 

(1) How is the impact of radiation exposure on 

bumblebee parasite susceptibility and infection 

virulence impacted by other environmental stressors? 
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(2) To what extent is elevated parasite susceptibility 

following bumblebee radiation exposure driven by 

impaired ability to induce an immune response? 

(3) Are changes in infection dynamics following 

radiation exposure influenced by changes in parasite 

characteristics? 

(4) To what extent does radiation exposure also 

increase susceptibility to bumblebee infections other 

than C. bombi, including other gut parasites, 

ectoparasites and viral infections.  

(5) Do other insects also suffer impaired infection 

defence following radiation exposure? 

 

 

Methodology 
 

This project will use lab studies in the UK to 

undertake controlled assessments of the impact of 

radiation exposure on bumblebees. This will be 

combined with fieldwork in the Chernobyl Exclusion 

Zone to investigate patterns of bumblebee parasitism 

and immunity in a natural ecosystem across which 

there is considerable variation in the levels of 

radiological contamination.  

 

Infection metrics will be ascertained by taking faecal 

samples from bumblebees in the field and lab, then 

inspecting these under a microscope to assess 

parasite burden. Molecular techniques 

(PCR/microsatellites) could also be used to quantify 

genetic diversity of infections. To generalise lab results 

to the field, the project will test whether multiple 

stressors (such as food availability and thermal 

regime) synergize with radiation exposure to drive 

elevated parasite loads in bees in the field.  

 

Immune response activity can be assessed both by 

phenotypic means (eg phenoloxidase & encapsulation 

assays) and by assessing immune gene expression 

profiles by qPCR. Impacts of radiation exposure on 

parasite traits will be assessed by culturing C. bombi in 

tissue culture under different exposure regimes. The 

virulence of C. bombi strains isolated from bees in the 

Chernobyl Exclusion Zone will be compared between 

sites of varying exposure history.  

 

This project could be extended to study radiation 

exposure impacts on immunity and parasitism in other 

insects, possibly to include ecologically important 

species in the field or model insects in the lab. 

 

 

Timeline 
 

This 3.5 year studentship will begin with 6 months for 

project planning, literature review and training in key 

lab skills for working with bumblebees and parasites.  

6-12 months: lab studies on synergistic effects of 

radiation and other stressors.  

12-18 months: statistical training and data analysis, 

followed by manuscript write up and paper 

submission from first experiment.  

18-24 months: immune methods development and 

fieldwork in Chernobyl Exclusion Zone.  

24-30 months: further lab studies: radiation impacts 

on parasite metrics. Second manuscript write up.  

30-36 months: final field season or lab experiments. 

36-42 months: thesis write up and submission. 

 

 

Training & Skills 
 

The candidate will receive training in subject specific 

and generic skills. These will include: insect husbandry, 

experimentation and immune assays; advanced 

statistics (Stirling R course and other NERC training); 

insect (bumblebee) taxonomy and identification using 

morphological and molecular techniques; molecular 

biology protocols for gene expression etc; training for 

working in radiologically contaminated environments. 

 

The candidate will be expected to participate in 

training opportunities in a range of research and 

transferrable skills offered at Stirling University and 

through the IAPETUS DTP. 

 

Training will be given in scientific communication 

skills, both writing and conference presentation so 

that the candidate can successfully publish research 

papers and attend conferences during the PhD.  
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Further Information 
 

Please contact Matt Tinsley (mt18@stir.ac.uk) to ask 

questions, gain further information and to make an 

informal application.  
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