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Overview 

 
Knowledge of how human pathogens interact with 

phytoplankton blooms in freshwaters is severely 

limited. Working across a hierarchy of spatial scales, 

this studentship will deliver quantitative understanding 

of how phytoplankton blooms can either mask or 

amplify pathogen risks to human health. The novel 

datasets that you will produce will be of fundamental 

importance for: (i) understanding relationships 

between ecosystem service provision and the 

ecological function of co-occurring bacterial and algal 

species within blooms; and (ii) avoiding serious 

underestimations of the risk of human exposure to 

multiple waterborne hazards. 

 

Environmental risk assessment routinely targets a 

single species or pollutant of concern, representing 

simpler scenarios than those actually occurring in 

ecosystems affected by multiple stressors. As a result, 

potential interactions between overlapping hazards are 

ignored. A prime example of this is the management of 

the risks posed by the potential synergistic relationship 

between phytoplankton blooms and pathogens in 

surface waters. Phytoplankton blooms occur in all 

aquatic environments (freshwater, brackish, marine) 

and at all latitudes. Frequently, blooms are dominated 

by toxin-producing algae and/or cyanobacteria. Toxins 

produced by these so called harmful algal blooms  

 

(HABs) pose direct risks to animal and human health, 

and for this reason their occurrence can lead to 

restrictions on fisheries, recreation and drinking water. 

However, blooms of both toxic and non-toxic species 

of algae (e.g. Fig 1) can interact with human pathogens 

and other waterborne health hazards, suggesting that 

otherwise non-toxic blooms also have the potential to 

cause severe harm.  

 

 
 

Figure 1: Algal bloom forming a scum on the surface of 

Loch Leven, Scotland 

 

The aim of this studentship is to develop an 

integrated understanding of how phytoplankton 

and pathogen communities interact in natural 

waterbodies, which is fundamental to 

https://www.stir.ac.uk/people/255838
https://www.ceh.ac.uk/staff/laurence-carvalho
https://www.stir.ac.uk/people/255710
file://///stevens.mds.ad.dur.ac.uk/share_iapetus/Operations/Studentships/IAPETUS2/2019%20Competition/1%20Projects/Stirling/•%09https:/www.stir.ac.uk/people/257111
https://www.sepa.org.uk/


 

  

addressing a pressing societal challenge of 

global relevance - minimising human exposure 

to multiple waterborne hazards while 

promoting wider use of, and benefit from, the 

environment and its natural resources. 

 

Specifically, the objectives are to:  

 

(i) Capitalise on world-leading observational 

capability, to quantify relationships between key 

phytoplankton bloom species and human 

pathogens in freshwaters and across a range of 

field conditions;  

(ii) Use a combined laboratory and field-based 

approach to elucidate key mechanisms of 

microbial symbioses and thus enhance existing 

modelling capability for predicting risks of human 

exposure to multiple hazards under changing 

climate and land use regimes at the national scale. 

 
Methodology 

 
The studentship will allow you to work across a range 

of scales and learn a suite of techniques (Fig 2) to refine 

and test two broad hypotheses and inform the 

development of a national scale risk–based tool for 

freshwater lakes and reservoirs.  

 

Hypothesis 1: the survival of human pathogens in 

freshwaters will be enhanced by the presence of specific 

phytoplankton via both direct association and indirect 

protection, under a range of different temperature, light and 

nutrient status conditions. To test this hypothesis you will 

devise a series of manipulative controlled environment 

(CE) experiments, where abiotic variables are first 

regulated to reproduce an environment that promotes 

bloom occurrence (including growth, persistence and 

decay). Experiments will then involve introducing 

pathogens into replicated microcosms containing single 

or mixed populations of phytoplankton species and/or 

their cell exudates in order to quantify and model their 

relationships with human pathogen dynamics. This 

novel dual approach will allow you to isolate and test 

the effect of specific factors (e.g. phytoplankton 

morphological type, nutrient availability, UV irradiance) 

on pathogen survival, whilst also providing a means of 

validating field-relevant conditions.  

 

Hypothesis 2: concentrations of viable human pathogens 

and Faecal Indicator Organisms (FIOs) found in natural 

phytoplankton blooms vary in relationship to the 

phytoplankton community assemblage in freshwaters. 

Expanding on your controlled laboratory experiments, 

you will undertake ‘rapid response’ field campaigns in 

well-monitored aquatic systems, whereby you can 

capitalise on existing Stirling/CEH expertise in satellite 

remote sensing (http://www.globolakes.ac.uk/) and 

citizen monitoring (https://www.ceh.ac.uk/algal-

blooms/bloomin-algae) of algal blooms.  This will be 

supported by the supervisory team’s experience and 

infrastructure (e.g. at Loch Leven) to enable rapid 

sampling during bloom conditions. 

 

Working with SEPA, the CASE partner, your results 

will be applied to develop a novel national-scale 

phytoplankton-pathogen risk assessment model for 

freshwater lakes. This will combine knowledge of 

catchment loading of pathogens and nutrients to 

waterbodies with their sensitivity to develop blooms of 

the key taxa identified from your research. 
Dissemination activities with other key stakeholders, 

such as Scottish Water, will be developed to increase 

the impact of your research.  
 

 

 
Figure 2: Multiple scales of studentship activity 

 

 
Timeline 
 

The three overlapping phases of the studentship will 

take 36 months to complete, with the remaining 6 

months allocated to writing the thesis and preparing 

papers for publication, attending conferences & 

networking with stakeholders. 

 

0-8 months: Literature review, training, pilot 

experiments  

7-15: Laboratory studies of HAB and pathogen 

interactions: how co-existence with phytoplankton 

populations affects the survival kinetics of human 

pathogens in nutrient-enriched waters 

12-20: Laboratory studies of HAB and pathogen 

interactions: how phytoplankton blooms can indirectly 

benefit free-living pathogen populations in the water 

column 
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12-30: Field campaign sampling (intermittent, 

responsive) and associated analysis 

20-36: Work with SEPA to develop simple modelling 

approaches to inform a national-scale phytoplankton-

pathogen risk assessment tool for freshwater lakes 

37-42: Finalise thesis 

 

 

Training & Skills 
 

This studentship will provide a platform to build an 

interdisciplinary research career in applied 

microbiology and freshwater ecology in the context of 

integrated catchment management and public health. 

Traditionally, distinct laboratories specialise in the 

analyses of either harmful algae or human pathogens, 

but the supervisory team presents an opportunity to 

undertake integrative science across a fertile 

conceptual space that links these disciplines. The 

studentship will broaden the scope of the applicant’s 

skills base by providing specialist training in algal ID and 

toxin analysis and the safe handling of Hazard Group 2 

microorganisms, and by developing expertise in the use 

of a wide range of interdisciplinary field, laboratory, & 

risk modelling methodologies. In addition to the 

supervisory team you will receive support from the 

wider freshwater sciences research team at Stirling and 

CEH. 
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Further Information 
 

For informal enquires: Dr David Oliver 

(david.oliver@stir.ac.uk tel: 01786 467846) 
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