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Overview 
The most abundant form of litter in the environment is 

plastic. Microplastics (particle size < 5 mm) in 

particular, constitute a major threat to global aquatic 

ecosystems, although overwhelmingly, research has 

focused on marine rather than freshwater ecosystems. 

Microplastics from clothes, cosmetics and sanitary 

products are now common constituents of sewage 

systems and they frequently bypass the screening 

mechanisms designed to remove larger waste items 

from being discharged directly into rivers and exported 

to coastal waters. Recent research has focussed on the 

toxicity of microplastics to freshwater fish, with 

relatively little attention paid to the effects of 

microplastics on lower trophic levels. However, it is 

becoming increasingly clear that microplastics can be 

taken up by organisms at the bottom of food webs, 

with the potential for significant levels of 

bioaccumulation in higher trophic levels.   

 

Freshwater invertebrates, e.g. insects, crustaceans and 

molluscs, play crucial roles in processes such as 

decomposition, the cycling of nutrients, and the 

translocation of organic materials. Freshwater benthic 

invertebrates are primarily involved in the successional 

degradation of organic matter, e.g. leaf litter, and thus 

have evolved a range of functional types, including “the 

shredders”, animals that break-down larger pieces of 

decomposing vascular plant tissue (>1 mm diameter); 

“the gatherers”, animals that feed primarily on fine 

particulate organic matter (<1 mm diameter); the 

“grazers”, animals adapted to graze algae, and its 

associated microbiota, from mineral and organic 

substrates; and “the filterers”, animals with specialised 

anatomical structures (e.g. setae, mouth brushes, or 

fans) or silk and silk-like secretions that  

 

 

act as sieves to remove particulate matter from 

suspension.  

 

As consumers at intermediate trophic levels, 

freshwater invertebrates constitute an important 

source of food for fish, birds and aquatic mammals, but 

also serve as valuable indicators of ecosystem 

degradation. 

 

 
 

Despite their importance, our understanding of the 

effects of emerging pollutants, such as microplastics, on 

freshwater invertebrates is still limited. Recent 

research has suggested that at a broad scale, the 

ingestion of microplastics at environmentally relevant 

concentrations may not be immediately toxic to 

invertebrates in terms of fecundity and growth; 

although more sub-lethal and potentially long-term 

effects have been suggested. However, little is known 

about how microplastics in freshwater systems may 

impact the ecological functioning of 
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macroinvertebrates or subsequent consequences for 

nutrient cycling. Hence, the overarching aim of this 

studentship is to determine the effects of microplastic 

contaminants on, (1) specific functional types of 

freshwater invertebrates; and (2) the potential 

disruption of nutrient cycling (particularly carbon and 

nitrogen) in freshwater ecosystems. Therefore, this 

studentship aims to deliver a step-change in our 

understanding of the multifaceted impacts of 

freshwater microplastic pollution 

 

Methodology 

 
Using a combined field and laboratory-based 

experimental approach, the student will characterise 

and quantify microplastic contaminants in freshwater 

ecosystems under differing anthropogenic influence, 

and specifically those particles ingested by 

invertebrates using spectroscopic methods. Data on 

the extent of environmental contamination of 

freshwater systems with microplastics will then inform 

a series of field-relevant controlled laboratory 

mesocosm experiments, where the effects of 

microplastics on invertebrate-mediated nutrient cycling 

will be comprehensively quantified.  

 

 
 

 

Key Research questions: 

Specifically, the large gaps in our understanding of the 

indirect effects of microplastic contaminants in 

freshwater ecosystems will be directly addressed 

through this studentship by focusing on the following 

questions: 

 

1. Does microplastic ingestion by different functional 

groups of freshwater invertebrates affect 

subsequent successional organic matter processing? 

2. Is nutrient cycling in freshwater (e.g. carbon and 

nitrogen) reduced due to ingestion of microplastics 

by invertebrates? 

3. What effect does microplastic ingestion have on 

feeding behaviours of freshwater invertebrates?  

4. Does microplastic accumulation in the invertebrate 

gut alter the composition of faecal pellets? 

 
 

Timeline 
The three overlapping experimental phases of this 

project will take 36 months to complete, with the 

remaining time (6 months) being allocated to writing 

the thesis & papers for publication, attending 

conferences and networking with stakeholders. 

 

Phase 1: Following a critical review of the literature 

(months: 0-4), an intensive field monitoring programme 

will be undertaken to determine spatial patterns of 

microplastic ingestion by invertebrates in relation to 

environmental concentrations in the water column and 

sediments  (months: 4-20). 

 

Phase 2: Replicated mesocosms will be used to 

investigate the specific (e.g. ecotoxicological) effects of 

microplastic ingestion on the feeding ecology of 

selected freshwater invertebrate communities and the 

subsequent implications for nutrient cycling in rivers 

and streams (months: 12-30) 

 

Phase 3: Integration of data – a critical assessment of 

microplastics and freshwater invertebrate functional 

ecology, which will be informed by the field and 

laboratory data collected in Phase 1 & 2. An empirical 

model will be developed to quantify the effects of 

microplastics on nutrient cycling in freshwaters at a 

range of different scales, The student will then use this 

model to explore the effectiveness of UK regulatory 

policies designed to reduce microplastic discharge into 

freshwater ecosystems (months: 24-36) 

 

This research will provide both novel and timely data, 

with direct implications for stakeholders such as Defra, 

SEPA, EA and SNH, and could have direct impact on 

water policy (Urban Wastewater Treatment Directive 

and the Shellfish Waters Directive). Therefore, the 

student will organise and lead a workshop to present 

the results from this project to a range of stakeholders, 

including environmental regulators, the water industry, 

conservation bodies and governmental stakeholders

 
Training & Skills 

 
The student will develop broad expertise in the 

environmental sciences, and will gain a platform to build 

an interdisciplinary research career in environmental 

pollution, toxicology and freshwater ecology. In 

addition to the supervisory team, the student will 



 

  

receive academic support from the Freshwater Science 

Research Group at Stirling, and the Emerging 

Contaminants group at CEH. Extensive skill 

development in field and lab work will include 

comprehensive training in sampling & monitoring 

techniques; lab skills in microplastic quantification, 

nutrient analysis and invertebrate ecology. Undertaking 

this project will broaden the scope of the applicant’s 

skills base by providing specialist training in microplastic 

pollution, and in methods in freshwater biology and 

ecology.
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Further Information 

 
For informal enquiries: Dr Richard Quilliam 

(richard.quilliam@stir.ac.uk; tel: 01786 467769). 
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