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Overview 
 

Aquatic ecosystems consist of connected waterbodies 

covering river networks, freshwater lakes and 

reservoirs.  Such connectedness, and the surrounding 

catchment characteristics (Figure 1, left), impact on 

the biodiversity (Figure 1, right) within the ecosystem.   
 

 
 

Current monitoring of ecosystem state typically 

involves in situ sampling/recording and automatic 

ground monitoring.  Recent advances in satellite 

retrieval algorithms now also enable satellite image 

retrievals to be produced for lake water quality and 

catchment characteristics.   

 
Figure 1: Proportion of arable/horticultural land (yellow:red 

= 0:1) (left) and presence of dragonflies (yellow) (right), in 

10km grid cells across the UK for 2007.  

 

Historic and current biodiversity monitoring has used 

a variety of techniques (including volunteers and 

systematic surveys) and has resulted in a number of 

datasets showing the spatial distribution of different 

native and invasive species.  One statistical challenge 
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in modelling the spatial biodiversity data (and in 

reporting change over time) comes in developing 

statistical linkages between the different data sources 

(with different uncertainties, spatial support and 

variability).  Such data linkages can then be utilised to 

develop models for biodiversity response to drivers 

and pressures.   

 

This PhD will develop and apply statistical 

methodology to explore biodiversity responses, in 

space and time, to drivers and pressures.  

 

This project is linked to the project Hydroscape - a 

four-year project funded by the UK Natural 

Environment Research Council (NERC), which aims 

to determine how stressors and connectivity interact 

to influence biodiversity and ecosystem function in 

freshwaters across Britain. While stressors such as 

nutrient pollution and climate change drive ecological 

degradation, connectivity between freshwater habitats 

can have a negative impact by dispersing stressors 

(such as pollutants and invasive species) or positive by 

allowing native biodiversity to spread (e.g. in response 

to management). Currently, the implication for 

freshwaters of future changes in stressor intensity and 

in connectivity levels across Britain are poorly 

understood.  

 

Methodology 
 

Within the Hydroscape project, statistical and 

machine learning approaches such as generalised 

additive mixed models and boosted regression trees 

will be employed 

 

 to examine how stress-response relationships 

are affected by differing measures of landscape 

connectivity and, 
 

 to identify stressor thresholds or tipping 

points at which connectivity within and 

between catchments shifts from being an 

advantage to a disadvantage at a national scale 

across Great Britain.   

 

However, further statistical development work is 

required to provide a unified modelling framework, 

that can integrate the complex data streams 

appropriately.   

 

Specifically, this related PhD studentship will: 

 

 develop data fusion approaches for matching 

datasets with differing spatiotemporal 

support,  
 

 explore feasibility and applicability of 

dimensionality reduction approaches,  
 

 develop statistical models incorporating 

inference along connected networks, 
 

 explore and develop methods of changepoint 

modelling to identify tipping points and 

investigate ecosystem resilience. 

 

The student will have the opportunity to be involved 

in freshwater fieldwork through routine monitoring 

programmes at the Centre for Ecology & Hydrology 

and will also spend a period of 4-6 weeks each year 

visiting The Centre for Ecology & Hydrology and The 

University of Stirling for discussion and collaboration 

with multi-disciplinary partner groups and for 

environmental science specific training. 

 
Timeline 
 

Year 1: Review of current state of the art approaches 

in statistics/machine learning including generalised 

additive mixed models, functional data analysis and 

boosted regression trees and pilot the study for one 

biodiversity species nationally.  Nationwide 

postgraduate statistics training, training in GIS and 

development of skills in R programming.  Fieldwork 

experience at CEH. 

 

Year 2: Statistical methodological development for  

data fusion and inference along connected networks, 

Attendance and participation in multidisciplinary 

meetings (such as Hydroscape) and a national 

statistics conference.  

 

Year 3: Review of current approaches and statistical 

methodological development for change point and 

tipping point detection. Attendance and participation 

at an international statistics conference (including 

preparation and submission of a paper for a journal).   

 

Year 3.5: Completion of thesis and submission. 

 
Training & Skills 
 

The PhD student will be part of the Environmental 

Statistics group based in the School of Mathematics 

and Statistics at the University of Glasgow. 

The student will gain and enhance skills and expertise 

across the disciplines of statistics, environmental 

analytics, environmental science and ecology.  In 

particular, the student will become expert in 

developing methods for environmental analytics and 
proficient in R and GIS. 

The student will be supported by both the University 

of Glasgow researcher development programme and 
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advanced skills training and having the opportunity to 

discuss challenges and opportunities within this 

cohort of students. 
 

The cross-disciplinary nature of the research 

programme will provide an individual with expertise in 

the demands of current and future ecosystem 

research challenges who is trained in effective 

communication and knowledge exchange.
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Further Information 
For further information please contact: 

 

Dr Claire Miller (claire.miller@glasgow.ac.uk) 

 

Please see the Hydroscape website for further related 

information: https://hydroscapeblog.wordpress.com  
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