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Overview 

 
Biodiversity is usually associated with 

rural/’natural’/’pristine’/’untamed’ landscapes. Urban 

landscapes tend not to be thought of as being 

biodiverse and often aren’t. This means that most 

communities, particularly those in urban areas, are to 

an extent divorced from nature and biodiversity. 

Biodiversity, starting with the plant communities 

underpinning the food web, are strongly influenced by 

the substrate (rock/soil) they are growing on, with 

variations in substrate type – geodiversity – resulting 

in variation in plant and animal communities.  

Geodiversity faces pressures from human influence 

(e.g.1,2). However, human influence can also broaden 

geodiversity. For example, the spoil heaps from legacy 

base-metal mining activities in the Peak District 

control plant community composition through 

elevated levels of ecotoxic metals such as Pb3,4.  

While geodiversity is usually considered in terms of 

naturally-occurring rocks and soils, there are wholly 

anthropogenic substrates which can create new 

ecological niches and therefore support biodiversity. 

For example, the UK Priority Habitat ‘open mosaic 

habitats on previously developed land’ host many 

plants and animals on UK biodiversity priority lists5; an  

 

 

 

example has been documented on a legacy steel slag 

heap in Cumbria6. 

 

Fig. 1: patchy distribution of colonising vegetation on a 

recently landscaped legacy steel slag heap. 

Steel slag is just one example of an anthropogenic 

substrate (Fig. 1); many others such as residues from 

paper-making, cement-making and lime-making can be 

found among communities in. The extent to which 

these anthropogenic substrates enhance urban 

biodiversity and why is not known. Bridging this 

knowledge gap creates an excellent opportunity to 

connect people with nature, through raising 

awareness in urban communities that the legacy of 

past industrial activity in their midst can be positive in 

terms of local biodiversity.  
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Methodology 

 
An ideal first case study in which to investigate the 

wider significance of anthropogenic substrates on 

biodiversity is the former Allander/Ellangowan paper 

mill in Milngavie, on the northern outskirts of 

Glasgow. The mill was in operation from the mid-19th 

century9, processing esparto grass with water from 

the adjacent Allander Water. Fine powdery alkaline 

waste from the paper-making was dumped in the 

upper of the two mill dams, progressively infilling the 

dam to form a wooded area of steep-sided mounded 

deposit (Fig. 2). 

 

Fig. 2: History of the paper mill site at Milngavie through 

time, as recorded on Ordnance Survey 6” maps, 

highlighting the location of the paper mill sludge. 

 

At this and other case study sites, a range of analytical 

and survey methodologies will be applied. A digital 

elevation model will be created as a base on which to 

interpret subsequent data. Vegetation will be surveyed 

in different seasons year-to-year throughout the PhD 

across the case survey site, supported by drone 

photography. This will capture the plant communities 

present at each case study site, and their distribution 

and variability across the site. 

The second key part of the analytical phase of the 

project is to capture spatial variation in chemical and 

physical properties of the anthropogenic substrate at 

each site. A densely-spaced grid of substrate samples 

will be taken at each case study. Sample chemistry will 

be determined through X-Ray Diffraction, SEM-EDX, 

ICP-OES/MS and LA-ICP-MS while physical properties 

will be investigated through optical microscopy and 

SEM imaging. This will then be overlain with data from 

the vegetation surveys to interrogate the link between 

different physical and chemical factors and the 

vegetation distribution and type.  

It is essential to connect people with nature hence the 

student will engage with community groups 

throughout the project. At the suggested initial case 

study in Milngavie, the student will liaise with the 

Milngavie Heritage Centre and the Milngavie and 

Bearsden Historical Society (with whom co-

supervisor Bishop has worked with previously), 

educating the local community on the biodiversity at 

the site and providing guided walks to exchange 

knowledge on the site. 

 
Timeline 

 
Year 1: literature review on anthropogenic substrate 

types and biodiversity; selection of case study sites; 

drone/DEM surveys of first case study site; seasonal 

vegetation surveys of first case study site; optical 

microscopy and SEM imaging of samples from first 

case study site; XRD of samples from first case study 

site. 

Year 2: SEM-EDX, ICP-OES/MS & LA-ICP-MS analysis 

of samples from first case study site; survey and 

analysis of second case study site, as chosen by the 

candidate in discussion with the supervisory team. 

Year 3: ongoing analysis of samples from second case 

study site; survey and analysis of third case study site, 

as chosen by the candidate in discussion with the 

supervisory team; thesis/manuscript writing. 

Year 3.5 (6 months): completion of thesis; manuscript 

writing. 

The schedule will also include presentation at UK and 

international conferences. The timeline is subject to 

variation, and we anticipate significant input from the 

student as the project evolves. 

 
Training & Skills 

 

The aim of this project is to investigate the extent to 

which anthropogenic substrates enhance urban 

biodiversity and why. 

This is of great importance as there is potential for 

undocumented urban biodiversity hosted on 

anthropogenic geodiversity to partially offset falling 

global biodiversity7,8. 



 

  

This project will equip the student a range of 

analytical and transferable skills which are desirable 

for careers in research or industry. 

Research Methods 

Fieldwork at the case study sites will be conducted 

with the supervisory team, including international 

expert partners from SNH and local community 

groups. Full training will be given in all of the laboratory 

techniques to be used in the project, mainly at the 

University of Glasgow but also in collaboration with 

some external facilities. 

Researcher Development 

Technical & personal skills development will be 

undertaken with guidance from doctoral advisors and 

within the framework of the DTP Researcher 

Development Statement. Researcher developmental 

training will be provided by IAPETUS2 and 

supplemented by the University of Glasgow. The 

School of Geographical and Earth Sciences at the 

University of Glasgow (GES) has a large research 

research student cohort (currently ~60 PhD students) 

that will provide peer-support throughout the 

research program. The scholar will participate in 

GES’s annual progression assessment and post-

graduate research conference, providing an 

opportunity to present their research to 

postgraduates and staff within the School, and to also 

learn about the research conducted by their fellow 

postgraduate peers. Additionally, skills in NERC’s 

‘most wanted’ list for PhD student training10 will be 

developed, including in multi-disciplinarity, data 

management, numeracy, and fieldwork, in addition to 

principles and practice of various other laboratory 

analytical techniques such as stable isotope 

geochemistry. Training and experience in national and 

international conference presentations, and 

preparation and submission of papers to international 

peer-reviewed journals will also be provided.  
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Further Information 
The principle supervisor can be contacted at: 

john.macdonald.3@glasgow.ac.uk; 01413305558.  
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