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ABSTRACT 

Urban ecology is a growing topic of interest due to urban expansion and current environmental issues.  

Previous studies have identified species richness as either increasing with proximity to urban centres, or 

peaking at intermediate levels of urbanisation.  However, most have identified increasing non-native 

species in cities and increasing natives in the suburbs.  The use of citizen science is becoming more 

popular, successful and informative for studies in urban ecology.  This study focused on the species 

richness of vascular plants across Leicester, Leicestershire and Rutland along an urbanisation gradient. 

Data obtained from NatureSpot was imported to QGIS where an urbanisation gradient was calculated 

across the region; 180 sample plots of 1km2 were randomly selected, containing 11+ observations, 

covering 0% - 100% urbanisation.  This data was used to investigate species richness and distribution in 

relation to urbanisation, native and non-native species.  Results indicated a statistically significant 

positive relationship between species richness and degree of urbanisation overall, and for archaeophytes 

and neophytes.  Despite 77% of species in the sample being native, their relationship with urbanisation 

was found to be statistically insignificant.  However, low outcomes for R2 in the analyses indicated that 

urbanism was unlikely to be the main influence of species distribution. 

The majority of the data originated from urban parks and recreational areas and is a major limitation of 

the citizen science data.  Two outlier data points located in Abbey Park in Leicester provided the largest 

number of observations, supporting studies which have identified urban parks as major contributors to 

urban species richness and havens for native species.  The River Soar was also identified as a major 

corridor providing connectivity between Leicester’s largest parks.  It is hoped this study will improve the 

recording of future observations on NatureSpot, assist with urban planning, and provide an insight into 

the region’s biodiversity levels. 

WORD COUNT: 300 
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1. INTRODUCTION 

The importance of urban ecology and biodiversity has grown considerably over the past 20 years, 

influenced by ongoing urban expansion and increasing interest in environmental issues (Seto, Güneralp 

and Hutyra, 2012; Frantzeskaki et al., 2019).  Human modification of the natural environment has 

resulted in urban telecoupling, influencing the creation of a mosaic of habitats across urban 

environments, and offering ecological heterogeneity which supports a range of vegetation (Celesti-

Grapow et al., 2006; Millard, 2008; Kowarik, 2011; Haase, 2019).  Urban parks, gardens and waterways 

often provide a multitude of habitats which have become havens for established and specialised species 

(Nielsen et al., 2014), whilst industrial complexes, car parks and wastelands awaiting development all 

offer conditions ideal for natural colonisation of pioneer species (Czortek and Pielech, 2020).  These 

latter urban spaces have experienced disturbance and are unmanaged by humans, which facilitates 

secondary ecological succession (Maseyk, 2018).  Opportunistic species colonise these areas based on 

available ecological niches, allowing new assemblages of plants, which would not naturally coexist, to 

form ‘novel’ communities and ecosystems with the ability to support rare and endangered species 

(McKinney, 2006; Kowarik, 2011; Alberti, 2015; Collier, 2015; Planchuelo et al., 2020). 

Urban centres like Leicester are generally known to have a higher number of plant species than their 

suburban and rural surroundings (Millard, 2008; Kowarik, 2011).  Many studies have identified an 

increase in neophytes and a decrease in natives and archaeophytes over time (Celesti-Grapow et al., 

2006; Millard, 2008; Pyšek, 1998; Lososová et al., 2012).  However, the static data from the same studies 

also show significantly higher species richness of natives in cities, for example, Pyšek (1998) identified 

that 83% of the 54 Central European cities in his study contained more native than non-native species.  

The urban-rural gradient paradigm has been applied to many investigations of species richness 

(McDonnell and Pickett, 1990) which has proved insightful. 

This study focuses on Leicester, Leicestershire and Rutland, which have not previously been investigated 

in terms of the species richness of vascular plants along an urbanisation gradient.  The general focus is 

usually on cities and urban fringes, but this study will focus on an entire region which is unique due to its 

rich agricultural history (Pye, 1972; Waites, 1984), and is comprised of 81% fields and woodlands to this 

day.   

Results of investigations in Rome, Leeds, Paris and Ljubljana have suggested that vascular plant species 

richness peaks in urban areas (Celesti-Grapow et al., 2006; Millard, 2008; Kondratyeva et al., 2020; 

Jogan, Küzmič and Šilc, 2022), whilst other studies have illustrated the ‘Intermediate Disturbance 

Theory’, indicating that species richness peaks at intermediate stages along the urban-rural gradient 

(Blair, 1996; Johst and Huth, 2005; Kowarik, 2011).  These studies alongside others in the Americas and 
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Central Europe have concluded that this is due to non-native species becoming more prevalent, because 

environments experiencing frequent disturbance are more suitable for their survival (Pyšek, 1998; 

DeCandido, 2004; Brunzel et al., 2009; Pickett et al., 2011; Lososová et al., 2012), whilst increasing 

numbers of native species were noted within urban fringes (Malkinson, Kopel and Wittenberg, 2018).  All 

included urban green spaces in their studies and noted their diversity, heterogeneity and species 

richness.  However, they do not detail their planting and management regimes.  The study in Leicester, 

Leicestershire and Rutland has the potential to identify whether there is more species richness of 

vascular plants in urban areas or if the ‘Intermediate Disturbance Theory’ applies to the region, as well as 

identifying whether there are significantly more native species thriving in urban areas, as Pyšek’s study 

discovered (1998). 

Vascular plants are split into three types associated with their historical origins, often reflected in their 

distribution patterns: native (indigenous), and non-native species of archaeophyte (introduced pre 1500 

AD) and neophyte (introduced post 1500 AD) (Pyšek, 1998; Pyšek et al., 2005).  Whilst all grow in a range 

of environmental conditions there are some specific preferences.  Native species are adapted to local 

geology and natural habitats with no anthropogenic influence.  These environments are reduced with 

urbanisation, and it is assumed that this has influenced their decline in cities (Brunzel et al., 2009).  

Archaeophytes are found to thrive in rural areas, reflecting their historical introduction alongside 

agricultural activities where dispersal depends mostly on animal movement (Pyšek et al., 2005; Pyšek, 

1998; Preston, Pearman and Hall, 2004; Brunzel et al., 2009).  It is thought that archaeophytes are 

declining in urban areas due to the lack of these environmental conditions (Brunzel et al., 2009).  

Neophytes are opportunistic coloniser species, dependent on human movement for dispersal and 

favouring higher temperatures, reflecting their Mediterranean origins, which the urban heat island effect 

generates (Pyšek, 1998; Pyšek et al., 2005; Millard, 2008; Brunzel et al., 2009;).  Their adaptability and 

persistence are reported to show varied distributions across cities and suburbs (Lososová et al., 2012; 

Jogan, Küzmič and Šilc, 2022). 

The approach for this study was influenced by recent work undertaken in Paris (Kondratyeva et al., 

2020), which involved GIS mapping and citizen science data.  The use of this data type has increased in 

popularity and has proven successful and informative for urban ecological studies.  For example, 

Duchesneau, Derickx and Antunes (2021) used citizen science data in Sault Ste. Marie, Ontario, Canada 

to identify that the majority of identified plant species across 18 urban forests were native, and 

identified a relationship between the presence of non-native species and landscape disturbance.  The 

data used for Leicester, Leicestershire and Rutland could be similarly used to identify any patterns of 

distribution for native, archaeophyte and neophyte species, and has the potential to promote and 

address urban biodiversity conservation. 
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The following hypotheses will be addressed: 

H11 There is a relationship between vascular plant species richness and degree of urbanisation in 

Leicester, Leicestershire and Rutland 

H21 There is a difference between the number of native, archaeophyte and neophyte vascular 

plant species in Leicester, Leicestershire and Rutland 

H31 There is a relationship between the number of native vascular plant species and degree of 

urbanisation in Leicester, Leicestershire and Rutland 

H41 There is a relationship between the number of archaeophyte vascular plant species and 

degree of urbanisation in Leicester, Leicestershire and Rutland 

H51 There is a relationship between the number of neophyte vascular plant species and degree of 

urbanisation in Leicester, Leicestershire and Rutland 
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2. MATERIALS AND METHODS 

2.1 Study Area 

The counties of Leicestershire and Rutland (Figure 2.1) are situated in the English East Midlands at 

52°38'25.6"N, 1°02'19.2"W (centre), and have a joint population of just over 750,000 (Office for National 

Statistics, 2022a,b).  The city of Leicester lies in a valley, split by the River Soar running from south to 

north.  The geology of Leicestershire is comprised of boulder clays, mudstones and marls in the Soar 

valley.  To the northwest are limestones and clays next to Charnwood Forest which is underlain by 

igneous granites and diorites, with ironstone to the east of the county, stretching into Rutland which has 

limestone in the east (British Geological Survey, 2022).  Many parts of both counties have been subject 

to mineral extraction, afterwards restored to agriculture (Pye, 1972).  Both counties are historically 

agricultural, with 81% of the land area remaining as agricultural land as of 2019.  Both counties are home 

to many nature reserves and protected sites under the care of Leicestershire and Rutland Wildlife Trust, 

The Woodland Trust and other organisations.  In Leicester, just over 3.5% of the urban space is used as 

public parks and recreational areas.  The climate is temperate, with temperatures ranging from 2℃ in 

December – February to 20℃ in July-August, and precipitation ranging from 50mm in January – March to 

64mm in May – August (Climate-data.org, no date) 

 

Figure 2.1 Leicestershire and Rutland with their principal towns and cities, Charnwood Forest, and the 

River Soar in blue 
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2.2 Data Sources 

Current land coverage data (last updated 2011) was downloaded in shapefile format from the 

Leicestershire and Rutland Historic Landscape Characterisation Project, held by the Archaeology Data 

Service (Leicestershire County Council, 2019).  This data was a vector map with attribute data 

categorising both current land cover (BROADTYPE) and historic land characterisation (HLCTYPE).  For this 

study, only BROADTYPE was used (Table 2.1, Figure 2.2). 

Observational vascular plant data recorded via the citizen science website NatureSpot (2022a) was 

downloaded from the National Biodiversity Network Trust’s database (NBN Atlas, 2021) in CSV format.  

Data was exclusively from Leicester, Leicestershire and Rutland.  Every record was checked by local and 

national experts to verify species identification before it formed part of their database and was made 

freely accessible online (NatureSpot, 2022b).  Due to the lack of data prior to 2011, including irregular 

records and inconsistent levels of detail, vascular plant records were selected from January 2011 – 

December 2021.  Only records with accepted and approved species identification were used, and any 

unconfirmed species were eliminated from the study.  This resulted in a total of 62,052 records of 1,116 

species (

Figure 2.3).  The data was updated with the addition of a category identifying each species as either 
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native, archaeophyte or neophyte by using the plant atlas on the Biological Records Centre website (no 

date).   

2.3 QGIS 

QGIS Version 3.22.3-Białowieża was used for the project, and all data was imported as vector and point 

layers.  In QGIS, the land coverage map (    Figure 2.2) was re-categorised for this study by the land types 

in  

Table 2.1. 

Project category Original Land Cover Categories (BROADTYPE) 

Woodland Woodland 

Semi-natural & agricultural Fields, Enclosed and Unenclosed Land 

Green urban areas Orchards and Allotments, Ornamental, Parkland and 

Recreational* 

Urban built-up areas Civic and Commercial, Industrial, Military, Settlement, 

Transportation, Extractive and Landfill 

Water and Valley Floor Water and Valley Floor 

* Where parks, gardens and cemeteries were surrounded by ‘Urban built-up areas’, they were identified as ‘Green 

urban areas’. 

Table 2.1 Categories of land cover used for the purposes of calculating the percentage of urbanisation 

within QGIS 
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    Figure 2.2: Historical Land Characterisation map, re-categorised for the study 
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Figure 2.3: Distribution of 62,052 original observations from the original dataset via NatureSpot 

 

After an initial visual investigation of the distribution of plant observations within the GIS, it was decided 

that 1km2 plots would be an appropriate size to contain a representative sample of observations for 

selection and analysis.  In QGIS, a uniform grid of 1km squares was created using the ‘Create Grid’ 

function to cover the study area.  The grid was used to divide the land coverage map into 1km2 plots 

using the ‘Intersect’ function.  

The plant data was represented by a 10-figure grid-reference point for every observation, tied to the 

Ordnance Survey National Grid.  The ‘Count points in polygon’ function was used to calculate the number 

of data points within each 1km2 plot.  Then a query was run to eliminate all 1km2 plots with 10 or fewer 

observations to account for any sporadic isolated data.  This produced a dataset of 763 plots with 11 or 

more records from which the replicates for the study were chosen (Figure 2.4). 

For each of these plots, a query was run to calculate the combined land area for ‘Urban built-up areas’ 

and ‘Green urban areas’ (using the ‘Dissolve’ and ‘Field Calculator’ functions) which was presented as a 

percentage of each 1km2 plot.  This was used to create a surrogate for an urbanisation gradient across 

the counties (Figure 2.4), in a similar way to the study undertaken by Kondratyeva et al. (2020).  
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Figure 2.4: Urbanisation gradient calculated in QGIS for all 1km2 plots containing data with 11+ 

observations 

 

Figure 2.5: 180 1km2 replicates chosen for the study, showing the urbanisation gradient 
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2.4 Data Selection 

Random sampling was used to select replicates across Leicester, Leicestershire and Rutland, to cover the 

entire rural-urban gradient from 0% - 100%.  From 763 available 1km2 plots, a total of 180 replicates 

were selected, making sure that each percentage point along the gradient was accounted for by at least 

two replicates (Figure 2.5).  When only one replicate was available, a third replicate was chosen from an 

adjacent gradient point.  As this resulted in the selection of 7 x 0%, the same number of 100% was 

chosen. 

A query was run to calculate the total number of observations of individual vascular plant species within 

each replicate and the result was exported into Excel for statistical analysis.  Using the same ecological 

data and the same 763 1km2 plots containing 11+ observations, a second query was run using the ‘Count 

points in polygon’ function to calculate the total number of native, archaeophyte and neophyte species 

within each plot.  The resulting data and the percentage of urbanisation for each plot was exported into 

Excel for statistical analysis. 

2.5 Data Analyses 

Linear regression was used to investigate whether there was a statistically significant relationship 

between all vascular plant species richness and degree of urbanisation, as well as investigating whether 

there was a statistically significant relationship between native, archaeophyte and neophyte vascular 

plant species richness and degree of urbanisation. 

ANOVA was used to investigate whether there was a statistically significant difference between native, 

archaeophyte and neophyte plant species across Leicester, Leicestershire and Rutland, and all results 

were displayed in tables, graphs and maps.  Geographical distribution of individual species was not 

investigated for this study. 
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3. RESULTS 

3.1 Overall vascular plant species richness 

This study has shown that, in Leicester, Leicestershire and Rutland, vascular plant species are scattered 

evenly across the urban gradient, with a statistically significant but very weak positive relationship 

(Linear Regression: F = 0.043; R2 = 0.02; p < 0.05; Figure 3.1).  This rejects the null hypothesis H10 and 

accepts hypothesis H11: There is a relationship between vascular plant species richness and degree of 

urbanisation in Leicester, Leicestershire and Rutland.  Many of the data are clustered below 50 species 

with slightly more data points located between 0 – 50% urbanisation than between 50 – 100%.  R2 

indicates that only 2% of the variation in species is determined by urbanism, therefore other variables 

are influencing 98% of the variation in this relationship.  There are two outliers at 94% with 336 species 

and 100% with 248 species, both originating from Abbey Park, an urban park in Leicester.  Re-running the 

analysis after their removal gave an insignificant result (Linear Regression: F = 0.256; R2 = 0.007; p < 0.05) 

which accepts the null hypothesis, H10.   

 

Figure 3.1 Number of vascular plant species along an urbanisation gradient 
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3.2 Native, Archaeophyte and Neophyte species richness 

The mean number of native species (45) was statistically significantly higher than neophytes (6.8) and 

archaeophytes (6.3) across 180 samples (One-way ANOVA: df = 2; P-value = 1.87 x 10-50; p < 0.05; Figure 

3.2), rejecting the null hypothesis H20 and accepting hypothesis H21: There is a difference between the 

number of native, archaeophyte and neophyte vascular plant species across the Leicester, Leicestershire 

and Rutland.  A post-hoc Tukey Test (q = 3.31; Within MS = 618; n = 180) resulted in no statistically 

significant difference between neophytes and archaeophytes. 

 

Figure 3.2: ANOVA outcome showing the difference in variation between native, neophyte and 

archaeophyte vascular plant species.  Error bars represent Standard Deviation divided by the square 

root of the total sample number. 

 

Native species are scattered evenly across the urbanisation gradient with many data clustered below 40 

species across the urbanisation gradient.  The very weak positive relationship is not statistically 

significant (Linear Regression: F = 0.16; R2 = 0.01; p < 0.05; Figure 3.3) and accepts the null hypothesis 

H30: There is no relationship between the number of native vascular plant species and degree of 

urbanisation in Leicester, Leicestershire and Rutland.  

Archaeophytes are also evenly scattered with a statistically significant but very weak positive relationship 

(Linear Regression: F = 0.009; R2 = 0.04; p < 0.05; Figure 3.4), rejecting the null hypothesis H40 and 
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species and degree of urbanisation in Leicester, Leicestershire and Rutland.  The data cluster around 6 

species with more density of data points between 0 – 50% urbanisation.  There is one outlier at 94% with 

54 species with the same origin as the outliers in Figure 3.1.  Re-running the analysis after its removal 

resulted in a statistically insignificant result (Linear Regression: F = 0.092, R2 = 0.01; p < 0.05), accepting 

the null hypothesis, H40. 

 

Figure 3.3: Number of native vascular plant species along an urbanisation gradient 

 

 

Figure 3.4: Number of archaeophyte vascular plant species along an urbanisation gradient 
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Neophytes are evenly scattered with a statistically significant but very weak positive relationship (Linear 

Regression: F = 0.0009; R2 = 0.06; p < 0.05; Figure 3.5), rejecting the null hypothesis H50 and accepting 

hypothesis H51: There is a relationship between the number of neophyte vascular plant species and 

degree of urbanisation in Leicester, Leicestershire and Rutland.  The data are clustered around 6 species 

with more density of data points between 0 – 50% urbanisation.  There are two outliers at 94% with 84 

species and 100% with 93 species, again, with the same origin as the outliers in Figure 3.1.  Re-running 

the analysis after their removal resulted in a statistically significant result remaining for neophytes 

(Linear Regression: F = 0.017; R2 = 0.03; p < 0.05). 

For all species types, the very low outcomes of R2 strongly indicates that urbanism has a very small 

influence on the variation (1% for natives, 4% for archaeophytes and 6% for neophytes), and that other 

variables are likely to be determining species distribution. 

 

Figure 3.5: Number of neophyte vascular plant species along an urbanisation gradient 
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4. DISCUSSION 

4.1 Species Richness, Natives and Urbanisation 

This study identified that there is a relationship between the overall species richness of vascular plants 

and degree of urbanisation across Leicester, Leicestershire and Rutland (Figure 3.1).  This correlates with 

other investigations observing higher species richness levels in urban rather than in rural areas, and does 

not show any indication of species richness peaking at intermediate levels of urbanisation (Kowarik, 

2011; Aronson et al., 2014; Kondratyeva et al., 2020; Jogan, Küzmič and Šilc, 2022).  However, all 

relationships were weak.  Despite 77% of the species identified within 180 plots across the region being 

native (Figure 3.2), no relationship was found between native species and degree of urbanisation (Figure 

3.3).  This is reflected in the spatial distribution of plant observations within the dataset, as many are 

located in or near urban parks, rivers and recreational areas, indicating a preference in location for 

citizen scientists contributing to NatureSpot.  This not only applies to the city of Leicester, but other 

towns across the region such as Hinkley and Melton Mowbray ( 

Figure 4.1a-c).  

4.2 Archaeophytes, Neophytes and Urbanisation 

Further analyses identified a relationship between the species richness of archaeophytes and degree of 

urbanisation across the region (Figure 3.4).  The influence of an outlier from Abbey Park in Leicester 

reflects its historical rural origins and the nature of seed distribution.  A relationship was also discovered 

between neophytes and degree of urbanisation with and without the inclusion of the outliers (Figure 

3.5), which reflects the ability of these species to readily colonise and adapt to disturbed urban spaces.  

This is mirrored by studies such as Pyšek et al. (2005) in the Czech Republic and Brunzel et al. (2009) in 

the Wetterau region of Germany, who identified gradually increasing neophytes and dwindling 

archaeophytes in cities.  The overall results of this study indicate that the influence of urbanism on 

species distribution is very small, suggesting that other variables are at play.  Previous studies have 

shown city size (Pyšek, 1998), temperature (Portela-Pereira et al., 2022), rainfall (Lososová et al., 2012), 

seed dispersal (Milanović et al., 2021), soil type (Baruch et al., 2021) and disturbance levels (Cao and 

Natuhara, 2020) have all influenced species distribution in cities, again reflecting their historical origin. 

4.3 Urban Green Space and Species Richness 

The outliers in the analyses for overall species richness (Figure 3.1), archaeophytes (Figure 3.4) and 

neophytes (Figure 3.5) all originate from two 1km2 plots over Abbey Park and the River Soar in Leicester.  

These plots gave the two largest numbers of overall species observations across the selected dataset, as 
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well as native, archaeophyte and neophyte species.  Therefore, these locations are likely to have had the 

largest influence on the presence of species in this study. 

Parks and recreational areas surrounded by ‘Urban built-up areas’ in Leicester and other towns in the 

region were classed as ‘Green urban areas’ and identified as urban within the calculation of the urban 

gradient (Table 2.1). Urban parks could have been discounted from this study as they did not represent 

sealed or impermeable surfaces (more generally associated with urbanism) and replicated semi-natural 

habitats which could have given an unfair representation of urban species richness. However, in their 

absence, this study would have had to rely on areas such as pavements, streets, gutters, laybys, 

pathways, car parks, waste grounds and wall cracks, which were few and far between within the dataset 

from NatureSpot. 

As urban parks are known to harbour more natives than archaeophytes and neophytes (Kowarik and von 

der Lippe, 2018) this could also have influenced the outcome of the study, and identifies a limitation with 

the data and species distribution, but because species type (native, archaeophyte, neophyte) is unlikely 

to have been an influence on species selection by recorders using NatureSpot, the outcome was a good 

example of the capacity of urban parks to provide for native species. 

In this study it was not possible to identify domestic gardens which were included in the ‘Urban built-up 

area” category within the landscape categorisation data.  Whilst domestic gardens did not (knowingly) 

contribute to the dataset, a study by Lorem et al. (2007) identified that, within Leicester’s urban 

boundary, 57% of the city was green space, of which 47% was domestic gardens.  In addition, Smith et al. 

(2006) identified that most non-native species in domestic gardens in Sheffield had native origins.  This 

indicates that these urban green spaces may have a major level of influence on the native species in 

urban areas of the region. 

 

4.4 Abundance of native species 

Semi-natural habitats in cities, like many of the large urban parks in Leicester, promote urban species 

richness (Celesti-Grapow et al., 2006; Lososová et al., 2012; Nielsen et al., 2014; Kowarik and von der 

Lippe, 2018; Malkinson, Kopel and Wittenberg, 2018).  Not only this, but the River Soar also runs through 

the city and provides a major corridor of multiple habitats, which are likely to influence biodiversity by 

providing connectivity and allowing movement of various species across the urban landscape (Lepczyk et 

al., 2017).  The River is a major feature not just in Abbey Park, but also the Riverside Park to the south 

and Watermead Country Park to the north ( 



  19 
 
Figure 4.1a), all connected via riverside paths and canal towpaths.  These parks have a range of natural 

and semi-natural habitats including open water, reed beds, river margins, small woodlands, floodplain 

meadows and rough grassland (Leicester City Council, 2019a,b,c).  Despite having different histories of 

mineral extraction, formal gardens and industrial transport routes respectively, they are wildlife havens.  

Some include designated nature reserves such as Aylestone Meadows in Riverside Park, and Birstall 

Nature Reserve in Watermead Country Park, attracting many birds which can facilitate seed distribution 

across the city.  All are consistently maintained by Leicester City Council and Leicestershire Country Parks 

(Ibid.; Leicestershire Country Parks, 2022).  A similar corridor pattern can also be seen along the 

Sketchley Brook in Hinkley ( 

Figure 4.1c). 

As urban parks are influenced and managed by humans, they are just as anthropogenic as the urban 

centres they are in and their habitats provide major interactions with the rest of the city, its people and 

its species (Brunzel et al., 2009; Lepczyk et al., 2017).  For this reason, parks must be accepted as part of 

the urban ecosystem.  They are used in urban planning and management plans as nature-based solutions 

to address climate change issues (Millard, 2008; Brunzel et al., 2009; Frantzeskaki et al., 2019; Szkop, 

Szewczyk and Mikołajczyk, 2021).  For example, Leicester City Council has a 10-year Biodiversity Action 

Plan (2021a,b) which acknowledges the importance and benefits of urban ecology and includes detailed 

species and habitat plans to improve the current picture.  For this reason, the outlier data points in the 

analysis originating from Abbey Park in Leicester needs to be included and accepted.  As the outliers 

have been identified as major contributors to urban species richness, they should be accepted for the 

whole study. 
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Figure 4.1: Maps of Leicester (a), Melton Mowbray 
(b) and Hinkley (c) comparing data distribution, 
reflecting preferences of citizen science participants 
when recording observations of vascular plants 
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4.5 Data Limitations 

Whilst citizen science data is accessible and useful, it has its limitations.  Although the selected dataset 

originated from locations across the region, most observations in the original dataset were situated in 

west Leicestershire, with very few in Rutland (

Figure 2.3).  A closer look at the distribution of the original data also shows that records cluster in areas 

where NatureSpot participants frequently visit for recreational purposes such as parks like Melton 

Country Park and Egerton Park in Melton Mowbray and public footpaths like that along Sketchley Brook 

in Hinkley ( 

Figure 4.1b,c) therefore analysis on this data may only be meaningful for studies investigating plant 

species within those areas.   

Other limitations including data duplication, inaccessible locations and lack of recording in built-up areas 

are paralleled in similar investigations elsewhere and can adversely affect data quality (Kobori et al., 

2016; Callaghan et al., 2020; Adler et al., 2020).  For this reason, other studies using citizen science data 

have improved data accuracy by generating additional data via specified sampling strategies 

(Kondratyeva et al., 2020; Jogan, Küzmič and Šilc, 2022), an option not available for this study due to 

time and resource constraints. 
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There is limited information online about planting strategies in the previously mentioned parks in 

Leicester, Hinkley and Melton Mowbray, and no response from the relevant authorities with additional 

information.  Therefore, an assumption has been made that the planting is mixed, with a focus on low 

maintenance landscaping, supported by personal observations by the author.  Specific planting strategies 

could impact the outcome of the study, alongside environmental variables such as soils, available 

nutrients, and microclimates – for instance the difference between riparian habitats beside the River 

Soar and floodplain meadows in Aylestone Meadows Nature Reserves. 

 

4.6 Implications 

It is hoped that the results of this study can assist citizen scientist websites such as Nature Spot to 

address data limitations by taking action to add data from all environments including pavements, 

roadsides, industrial estates and car parks, increasing accuracy for future investigations into urban 

ecology.  As the urbanisation of Leicester, Leicestershire and Rutland is set to continue resulting in 

increasing levels of rural landscape and habitat fragmentation, this study could help to influence urban 

planning by including biodiversity, not just in the central city of Leicester, but in the regional towns of 

Loughborough, Hinkley, Melton Mowbray, Market Harborough and Oakham.  Various studies including 

organisations such as Leicestershire and Rutland Wildlife Trust and Plantlife have led Leicester City 

Council (2021a,b) to focus on enhancing its ecological networks. 

Despite the data limitations, this study highlights the versatility of citizen science data, and studying 

species richness across Leicester, Leicestershire and Rutland is the first step towards investigating more 

about the region’s biodiversity levels.  It gives an insight into the distribution and number of present 

species, but further work is required to expand on this. 

4.7 Further Study 

Species richness is strongly associated with biodiversity, however it does not have much use in isolation 

(Fleishman, Noss and Noon; 2006).  To obtain a more multidimensional understanding of the urban 

ecology of Leicester, Leicestershire and Rutland further studies should focus on phylogenetic and 

functional diversity of vascular plants, which can be combined with species richness (Kondratyeva et al., 

2020; Milanović et al., 2021).  When studied over time, this can be used to investigate links between 

urbanisation and evolutionary change which could highlight the relationship between species diversity, 

habitat diversity and ecosystem functioning in urban environments (Alberti et al., 2017; Gruber, 2019; 

Rivkin et al., 2019).  Not only would the results be comparable to existing studies, but it could also assist 

with identifying which urban areas should be prioritised for biodiversity conservation.  Additional studies 
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into species and habitats within urban parks may be of use to investigate ecosystem functioning within 

these areas and how they interact with each other across the region, for example, studying the level of 

connectivity along the River Soar across the city of Leicester. 

Given the absence of plant observations on impermeable surfaces across the region in this study, 

another area of further investigation for Leicester, Leicestershire and Rutland, is the contribution of 

‘pavement plants’ to urban species richness and biodiversity.  Awareness of this was raised across 

Europe and the UK after street maintenance was temporarily halted during the 2020 pandemic lockdown 

(Morss, 2020).  Before then, Bonthoux et al. (2019) had identified 307 vascular plant species in a survey 

of 13% of the pavements in Blois, France, and this was paralleled by the results of a 2021 street survey in 

Leicester and nearby Enderby, led by Russell Parry (2022) of the Leicestershire and Rutland Botanical 

Recording Group, where 361 taxa were identified across 20 streets in Leicester, and 223 taxa across 30 

roads in Enderby.  These studies show the potential of pavement flora to provide connectivity for seed 

dispersal between existing green spaces throughout cities, whilst providing additional resources for 

pollinators. 

 

 

5. CONCLUSIONS 

The outcome of any investigation into species richness and urbanisation is likely to vary and be 

dependent on multiple local environmental variables within and outside specific urban centres.  For 

Leicester, Leicestershire and Rutland, this study has shown that NatureSpot participants favour public 

green spaces to log vascular plant observations – a limitation of the data which can easily be addressed.  

The degree of urbanism in the region is unlikely to have a major influence on species distribution, 

however urban green spaces were seen to influence the high percentage of native species in the study.  

It was also discovered that the River Soar is a major corridor connecting three large urban parks in 

Leicester, and further study into this would provide additional information on the ecosystem dynamics 

within it.  It is evident that cities both protect and threaten the species richness of vascular plants 

(Nielsen et al., 2014), however urban green spaces like those in Leicester have the power to increase 

species richness and benefit urban biodiversity as well as the lives of the people who live there (Szkop, 

Szewczyk and Mikołajczyk, 2021).  
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