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INTRODUCTION 

Anthropogenic substrates are produced as waste 

materials and/or by-products of a variety of industrial 

processes. Blast furnace/steel slag, oil shale spoil, 

colliery spoil and paper mill sludge are just some of the 

anthropogenic substrates that can be found dumped in 

the natural environment in areas previously associated 

with industry (Thomas, 1930; Bradshaw, 1977; Allan et 

al., 1997; Saether et al., 2004; Courtney et al., 2009; 

Woods, 2012 ; Piatak et al., 2015; Butt & Briones, 2017; 

Di Carlo et al., 2019; Gomes et al., 2019).  

 

Traditionally, brownfield land has been altered and/or 

viewed in the context of unsightly, derelict wasteland 

that ought to be developed or remediated, with no 

purpose for human wellbeing or biodiversity unless 

changed (Gemmell, 1976; Richardson et al., 2010; 

Mathey et al., 2018). For example, many anthropogenic 

substrate sites have been capped with clay or similar 

materials to try to increase plant cover on sites and 

potentially reduce the spread of contaminants from the 

substrate (Mayes et al., 2006, 2008; Gorman, 2009; 

Environmental Protection Agency, 2012). However, it 

has been found that, if left undisturbed, anthropogenic 

substrate sites can potentially provide relatively 

undisturbed spaces for wildlife due to variations in 

chemistry, surface texture, topography and other factors. 

In particular, unusual and/or important species 

communities can colonise and live on anthropogenic 

substrate sites. Anthropogenic substrate sites can act as 

refugia for many species and communities, as the 

chemistry of such substrates can often differ greatly 

from the chemistry of natural substrates in the 

surrounding area (Thomas, 1930; Ash et al., 1994; Allan 

et al., 1997; Bradshaw, 1997; Gibson, 1998; 

Hitchmough et al., 2001; Harrison & Davies, 2002; 

Batty, 2005; Bodsworth et al., 2005; Palmer, 2008; 

Buglife, 2009, 2012a,b; Courtney et al., 2010; Riding et 

al., 2010; Macadam & Bairner, 2012; Macadam et al., 

2013; Robins et al., 2013; Tropek et al., 2013; Woch et 

al., 2013; Hodecek et al., 2015; Walmsley et al., 2017;  

Di  Carlo  et  al.,  2019;  Gomes et al., 2019; Olds, 2019; 

Kupka et al., 2020; Macgregor et al., 2022).  

 

My research, which began in 2019, involves the 

investigation of three important aspects of 

anthropogenic substrate sites: substrate chemistry and 

mineralogy; plant species and communities; and certain 

invertebrate species. Various analyses will be carried 

out to determine the minerals, elements and pH levels 

present in the different anthropogenic substrates. 

Various plant communities, as well as the species within 

them, were recorded in 2021 using quadrats in six study 

sites, three of these locations being in Scotland and three 

in northern England. I have been identifying the 

different species that were recorded, primarily 

bryophytes, grasses and wildflowers. A range of 

invertebrate species was recorded in 2021 throughout 

the three Scottish study sites. These invertebrates 

include butterflies and moths (Lepidoptera), true bugs 

(Hemiptera) and bees (Hymenoptera), as well as others 

from a range of taxonomic groups. In the context of the 

current biodiversity crisis, it is more important than ever 

before to record and assess the biodiversity of places, 

especially if such places tend to be overlooked in terms 

of biodiversity potential. Additionally, very few studies 

have investigated the relationships between plant 

species and the mineralogical and elemental 

composition of their growth substrates. This work will 

help with the investigation of plant establishment, 

survival and growth on anthropogenic substrates in a 

novel manner. 

 

AIMS AND QUESTIONS 

The primary aims and questions of my research are as 

follows: 

1. What influence do substrate types have on plant 

species distributions? 

2. How might anthropogenic substrates on field sites 

influence the invertebrate species and functional 

groups present? 

3. How does substrate clay capping influence 

vegetation? 

4. What is the influence of variability in steel slag 

substrate chemistry on plant species distribution? 

 

These aims and questions concern different aspects of 

the substrate chemistry and wildlife present on 

brownfield sites. In particular, the investigation of steel 

slag sites is valuable as these areas are understudied 

compared with other types of wildlife sites in the U.K. 

(Ash et al., 1994; Skelcher, 2014; Gomes et al., 2019; 

Riding et al., 2020). It is expected that the investigation 

of substrates, plant species, plant communities and 

invertebrate species on anthropogenic substrate sites 

will yield information about these sites that will be 

valuable for a variety of researchers, conservationists 

and land managers, as well as members of the general 

public. 

 

METHODOLOGY 

Prior to fieldwork on anthropogenic substrate field sites, 

I acquired related and/or specific knowledge about 
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relevant substrates, plant species and invertebrate 

species through literature searches, botanical and 

entomological training. This was done so as to make my 

independent fieldwork easier and better informed. 

 

I carried out plant-related and substrate-related 

fieldwork at six study sites in the U.K., three in north-

west England and three in central Scotland. The names 

and locations of these sites are listed in Table 1. 

Additionally, invertebrate-related fieldwork was 

completed at the three Scottish study sites; such surveys 

were not carried out on the English sites due to time and 

travel constraints. North-west England and Central 

Scotland have, historically, been centres of many types 

of industry (Price, 1983; Allan et al., 1997; Palmer, 

2008; Warton Mourholme Local History Society Book 

Group, 2009; Skelcher, 2014; Riley et al., 2020). These 

sites were chosen to represent a wide range of substrate 

types and different geographies and topographies. 

 

In preparation for plant-related fieldwork and data 

collection, a wooden 1 x 1 m quadrat, with 16 10 cm 

squares within the quadrat (marked out with rope), was 

made. This was used for the recording of plants at each 

of the six field sites. The fieldwork took place between 

15th March and 31st July 2021. More specifically, plant-

based fieldwork in the English sites took place between 

10th and 21st July 2021, whilst Scottish plant-based 

fieldwork took place in March, May and July between 

15th March and 31st July 2021. Field trips at the English 

sites were condensed into one visit due to time and travel 

constraints. Preliminary visits were carried out to scope 

each site and to determine the open plant communities, 

which would be surveyed, rather than the shrubby or 

forested plant communities, which have not been 

examined in the research. It is worth bearing in mind that 

this analysis did not determine plant communities using 

the traditional National Vegetation Classification 

(NVC) method, as I wanted to examine more specific 

species assemblages for the purposes of the study, and 

NVC communities are often a poor fit and not 

representative for many anthropogenic substrate sites 

(Maddock, 2010; Lush et al., 2013). In the field, the 

quadrat frame was placed on the ground once for each 

of the plant communities, with plant species recorded in 

that quadrat frame being deemed to be representative of 

the communities as a whole. Plant species, including 

bryophytes, ferns and angiosperms, were recorded. For 

each quadrat, plant species were recorded using videos 

captured on a mobile phone, which also included audio 

of plant community descriptions and lists of different 

species, as well as numbers of individuals. Certain 

specimens were also taken from the field and stored in 

scrapbooks on-site and off-site for later verification, 

identification and photography, where identification 

was not possible in the field with the limited time 

available. 

 

Invertebrates were recorded at the three Scottish sites 

between the 23rd April and 19th September over 36 

separate visits, twice each month (up to 14 for each site). 

This period of time was chosen to maximise the number 

of invertebrates that are likely to be recorded during the 

year. For every month, 2.5 h (±15 min) was spent 

looking for and recording invertebrates at most of the 

sites, including on the open plant communities that were 

also surveyed for plants, as well as the more shrubby and 

forested areas of the site. A mobile phone was used to 

record video, audio and location data relating to the 

different invertebrate records. Many invertebrate 

specimens were collected on-site to be more easily 

identified after fieldwork. These specimens were stored 

in a freezer shortly after each fieldwork trip. 

Additionally, during each two-monthly site visit, four 

pitfall traps were placed for 24 h (±15 min) in different 

parts of the site, placed in (1) different parts of the site 

and (2) differently shaded and exposed parts of the site. 

The specimens from these pitfall traps were also frozen 

shortly after fieldwork trips. The pitfall traps were very 

simple plastic pots, about 7 cm in diameter and 10 cm in 

height, which could be sealed with plastic screw-on lids. 

The bottom of each pot was filled with water and hand 

sanitiser  (containing  alcohol;  see  Simms,  2010;  Laub 

 

Site name Location Primary anthropogenic substrate/s 

Addiewell bing (Scottish Wildlife 

Trust Nature Reserve) (Fig. 1) 

Addiewell, West Lothian, Scotland Oil shale spoil 

Barrow slag bank Barrow-in-Furness, Cumbria, 

England 

Steel slag (natural clay cover is also 

present on part of the site) 

 

Fallin bing (Fig. 2) Fallin, Stirling, Scotland Colliery spoil 

RSPB Hodbarrow Nature Reserve Hodbarrow, Cumbria, England Blast furnace slag (much iron-rich 

sand is also present on-site) 

 

South Bank Wood Penicuik, Midlothian, Scotland Paper mill sludge 

Warton Slag Bank (part of the 

Morecambe Bay SSSI) (Fig. 3) 

Warton, Lancashire, England Blast furnace and steel slag 

 
Table 1. Details of the six study sites.



 
 

Fig. 1. A view of part of the Warton slag bank, making up a cliff overlooking Morecambe Bay, Lancashire, England. (All photos:  

S. N. K van Mesdag) 

 

 
 
Fig. 2. A view of part of the semi-open habitat on Fallin Bing, 

on top of the former Polmaise Colliery, Stirlingshire, Scotland. 

 

et al., 2019) to help to immobilise trapped invertebrates. 

Unlike pitfall traps in many investigations, these were 

not covered with additional material in the field: this was 

partly for convenience but also considered satisfactory 

considering the fact that the pitfall traps were relatively 

small and operated for only 24 h, due to the time 

constraints of the fieldwork. 
 

After fieldwork, specimens were observed and 

photographed using various equipment including simple 

microscopes. Soft-bodied specimens were primarily 

stored in ethanol after observation and photography, and 

hard-bodied specimens were primarily pinned and 

stored. 

 
 
Fig. 3. A view of a section of semi-open habitat, near scrub 

and woodland, on Addiewell Bing, West Lothian, Scotland. 

 

FURTHER WORK 

Now that data and sample collection is complete, further 

work will include analysing the chemistry, mineralogy 

and elements of the substrate samples, and identifying 

the remaining unidentified invertebrates and plant 

specimens. These data will then be used for statistical 

analyses, primarily if not entirely on R Studio, to attempt 

to answer the research aims and questions . The results 

of this work will be presented as a Ph.D. thesis to the 

University of Glasgow and aspects submitted for 

publication to refereed journals. The intention behind 

this paper has been to outline the questions being 

addressed by the research and the methods being used. 
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