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Abstract 

Impervious sealing of soil surfaces in urban environments has an inhibiting effect on plant life, 

leading to reduced urban biodiversity. Pioneer species often establish on broken surfaces such as 

the cobbled mews of central London. This study uses a citizen science methodology to compare 

the biodiversity and percentage cover of vascular plants in ten pairs of mews, in which one is 

cobbled and the other tarmacked. To do so, three parallel transect lines were laid along the full 

length of each mews and sampled with quadrats every 20m. The influence of distance from the 

entrance and the edge of the mews is also explored.  

 

Both percentage cover and biodiversity are significantly higher in cobbled mews, but there is no 

significant impact of the location within a mews on cover. Management recommendations to 

maintain and conserve cobbled mews are suggested.  

 

 

  



 

 

 
 

Introduction 

Plant Diversity on Urban Hard Surfaces 

Urban ecosystems are increasingly common – and thus important – but often remain overlooked 

(Goddard, Dougill and Benton, 2010; Soanes et al., 2019). Cities epitomise global ecological 

trends – for example, the urban species mix is increasingly homogenous and non-native 

(McKinney, 2006) – and highlight the impact of anthropogenic disturbance. A meta-analysis 

(Hou et al., 2023) found urbanisation to have a variable but overall negative impact on plants, 

especially native and herbaceous plants. Studies of city vegetation often focus on formal green 

spaces such as parks and gardens (e.g. Wilby and Perry, 2006; Goddard, Dougill and Benton, 

2010; Aronson et al., 2017) but there are many different urban ecosystems (Godefroid and 

Koedam, 2007) and 15% of global urban areas are impervious, such as roadways and buildings 

(Liu et al., 2014). Such pavements are sometimes considered to have “zero productivity” 

(McKinney, 2010, p.290) with resource constraints constraining growth in these environments 

(Wheater, 2020). Impervious surfaces suffer from less infiltration, more runoff and higher 

temperatures (Chithra et al., 2015). Altogether, it has been suggested that surfacing streets is more 

environmentally destructive than logging, mining and farming (McKinney, 2006).  

 

Nonetheless, urban surfaces are subject to colonisation by 

pioneer species (Error! Not a valid bookmark self-

reference.), undergoing early stages of primary succession 

(Gilbert, 1991). Productivity is not zero; the abundance of 

plants growing on paved ground can be remarkable. Uchida et 

al (2014) found 113 plant species on urban paving cracks in 

Fukuoka, Japan while Krüsi and Trachsel (2012) reported 213 

species of vascular plants using a  systematic ArcGIS grid over 

Zurich, Switzerland. This so-called spontaneous urban 

vegetation can provide important ecosystem services, including 

climate regulation and habitat provisioning, often better than 

other urban flora such as lawns or even urban forest (Robinson 

and Lundholm, 2012). The little research that exists points to 

the importance of surface type (e.g. Godefroid and Koedam, 

2004; Godefroid, Monbaliu and Koedam, 2007; Bonthoux et 

al., 2019). For example, Bonthoux et al (2019, p.169) “found 

pavement type to be the strongest determinant of plant cover 

and species richness”. De Cauwer et al (2014) even found, in an 

experimental study, that altered paving type could be used as 

an effective weed-suppressor.  

 

Many other factors also strongly influence establishment on paved surfaces, including dispersal 

ability, age of stonework, construction methods, weathering, position, temperature, nutrient and 

moisture availability, pollution and trampling (Wheater, 2020). Trampling by cars can be 

Figure 1 Oxalis corniculata growing in 
a cobbled mews 



 

 

particularly impactful, since it not only causes direct harm but also redistributes or compacts soil, 

minimising bacterial nitrification (Benvenuti, 2004; Lundholm, 2011). Exhaust emissions and 

salting of roads add to the impact from cars (Gilbert, 1991). The intensity of use of a road can 

therefore influence the community (Fagot et al., 2011). 

 

Plants that grow within the cracks in road surfaces have a wide variety of adaptations to survive 

in this habitat, from the production of adventitious roots in Veronica arvensis (Harris and Lovell, 

1980) to ballistic seed dispersal in Cardamine hirsuta (Vaughn, Bowling and Ruel, 2011). Many of 

these plants are spring or early-summer annuals that require exposure to light in order to 

germinate (Baskin and Baskin, 1983; Boutin and Harper, 1991) and so are well adapted to 

germination on bare surfaces. Oxalis corniculate (Error! Not a valid bookmark self-reference.), 

Veronica arvensis, Draba verna, Stellaria media and several of the other most common mews plants 

have a small, tough and spreading growth form which mitigates against trampling.  

 

Mews 

A potential haven for spontaneous vegetation in London are the many mews (Figure 2). Mews 

are residential streets that were historically used as accommodation for horses or falcons and the 

stablehands who looked after them, but were converted to highly desirable housing (McManus, 

2004; Fowler, 2019). Across London there are 432 of the original mews still remaining, of which 

nearly half (195) are in Westminster (Brown, 2021a). They are generally, but not exclusively, under 

100m long and - crucially - often retain original features such as cobbled surfaces, within which 

soil accumulates and a range of herbaceous pioneer species are able to survive. Cobbled mews 

thus represent what Gilbert (1991, p.2) terms an ‘ecological’ (as opposed to ‘technological’ or 

‘gardenesque’) urban landscape, as “unofficial wild spaces where nature has gained a foothold”.  

 

Qualitative surveying for this study indicated an approximately equal number of thoroughfare 

and cul-de-sac mews. The majority - 71% - of mews are cobbled (Brown, 2021a), but many are 

paved with tarmack and not all cobbles are original and so the shape of, and the mortar between, 

cobbles varies. All surveyed mews are open to traffic, which generally drives down the centre of 

the mews, potentially concentrating trampling and pollution there.  



 

 

 
Figure 2 Wythburn Place, a typical cobbled thoroughfare mews 

Citizen Science 

Bonthoux et al (2019) recommend raising awareness of the value of spontaneous vegetation and 

in this study an opportunity was provided to engage teenage citizen scientists in learning about 

these neglected ecosystems through the collection of authentic data. Not only does citizen science 

allow for the collection of more data, but there is evidence to suggest that curriculum-linked 

citizen science improves the science knowledge and skills of the scientists themselves (Bonney et 

al., 2015). This is done most effectively when the participation goes beyond just data collection 

and engages citizens in authentic and holistic co-construction of the research (Loiselle, Thornhill 

and Bailey, 2016; Phillips et al., 2019). Citizen science data can be comparably reliable to 

professional data collection (Aceves-Bueno et al., 2017) but this relies on preconditions such as 

comprehensive training (Brown and Williams, 2019). Both of these points hold true for 

adolescents, although it is important that tasks are adapted for accessibility and that data quality 

is monitored (Castagneyrol et al., 2020). 

 

Aims and Research Questions 

This study seeks to identify and analyse the factors influencing urban plant abundance and 

biodiversity, to inform conservation management strategies. This is in line with the City of 

Westminster’s Greener City Action Plan 2015-2025, which supports the Mayor of London's aim 

of “increasing the vegetated cover of the Central Activities Zone by 5% by 2030” (City of 

Westminster, 2015, p.30). Cobbled mews are an under-studied habitat – London’s own guidance 

about “plants on roofs, walls and pavements” (Johnston and Newton, 2004) barely even 

mentions paved surfaces – and a better understanding of their status could inform conservation 

management strategies both in London and urban settings in general. 

 



 

 

Citizen Science approaches are in line with UK government policy objectives, for example the 

25 Year Plan set out by the previous government aimed to encourage children to be “close to 

nature” and have “contact with local natural spaces” whilst also aiming at “greening our towns 

and cities”(HM Government, 2018, p.13). This study seeks to enhance all three of these areas.  

 

Four research questions (hereafter RQs) are posed: 

RQ1 - What is the relationship between surface type and percentage cover of plants? 

RQ2 - What is the relationship between surface type and Simpson diversity index of vascular plants? 

RQ3 - What is the relationship between distance from mews entrance and percentage cover of vascular 

plants in cul-de-sac mews? 

RQ4 - What is the relationship between proximity to mews edge and percentage cover of plants? 

 

RQ1 and 2 seek to understand the impact of surface type on floristic diversity. RQ3s and 4 

address the impact of trampling by vehicles on floristic diversity. 

 

 

  



 

 

Methodology 

 

This study compared the biodiversity and percentage cover of vascular plants in ten pairs of 

mews, in each of which one of the pair is cobbled and the other is tarmacked (Figure 3). Three 

parallel transect lines were laid along the full length of each mews and sampled with quadrats 

every 20m by citizen scientists in collaboration with the lead researcher. All references below to 

‘biodiversity’ and “percentage cover” refer to plants only. 

 

Data were collected between 28 March and 17 May 2024.  

 

  

 

Figure 3 Location maps for UK, London and the sampled mews within Westminster (Google Maps, 2024) 

 



 

 

Constraints 

All research is subject to constraints that influence the choice of methodology. Here the need to 

fit sampling within the two-hour science lessons of the citizen scientists and their relative 

inexperience in natural history and ecological surveying are key constraints.  

 

Choice of sites 

All sample sites were in the City of Westminster, London, UK (Figure 3) and within twenty 

minutes walk of Halcyon School (51.5161° N, 0.1612° W), which the citizen scientists attend. 

The area is close to Oxford Street (a busy shopping street) and Hyde Park (a large urban green 

space) and so is typical of London, which is approximately 18% public open space (GiGL, 2024). 

 

Sample mews were identified by walking surveys (akin to Godefroid, Monbaliu and Koedam, 

2007) and the extensive use of Google MapsTM and Google StreetviewTM to rapidly visit multiple 

distant locations (Curtis et al., 2013; Berland and Lange, 2017).  Ten pairs of mews were selected 

using the following criteria, which allowed for valid comparison while ensuring sufficient data.  

 

Criteria 

● Half of the pairs should be cul-de-sacs and half thoroughfares. 

● Ten mews should have a cobbled surface, ten should have a tarmacked surface. 

● Prioritise straight mews.  

● Prioritise mews at least 50m long. 

● Side branches of a mews may be surveyed as part of a thoroughfare only. 

Exclude any mews with:  

● Many potted plants (e.g. Southwick Mews). 

● Potentially dangerous levels of traffic cars (e.g. Brook’s Mews). 

● Private road status (e.g. William Mews). 

● Mixed surface type (e.g. Quebec Mews) or surface other than cobbles or tarmac. 

● Active construction. 

 

Krüsi and Trachsel (2012) used a similar approach to the present study, selecting the closest 

‘individual’ (sampling area) that met a set of criteria that would allow for the collection of 

sufficient relevant data. 

 

Pairs were established on the following basis:  

● One was cobbled, the other tarmacked. 

● Both were thoroughfares or both were cul-de-sacs. 

● Sampling took place on the same day. 

● The mews were in relatively close proximity.  

● The length of the mews was similar. 

 

Further shared features such as building height were noted but ultimately too restrictive to form 

sufficient pairs. 

 



 

 

A paired design is appropriate because the ecological community in street vegetation can vary 

depending on proximity to human activities (Pauleit and Breuste, 2011) and time of year (Han et 

al., 2023) and so it was felt to be important to avoid comparison where these were an explanatory 

factor for differences.  

 

It would have been desirable to record values for abiotic conditions in each of the mews to 

quantify their effects on biodiversity (and thus disentangle those effects from surface type) but 

in preliminary trials it was found to be impossible to collect both biotic and abiotic data in the 

time available. An alternative would be to use Ellenberg indicator values, which use the species 

present as indicators of the abiotic conditions, this is unfeasible in the present study (Hill, 1999; 

Godefroid, Monbaliu and Koedam, 2007).  

 

Training of citizen scientists 

Four groups of students aged 13-17 were trained to 

participate in data collection. Only students aged 13+ 

participated since evidence suggests that children get 

more accurate in their species identification as they age 

(Dickinson, Zuckerberg and Bonter, 2010). All citizen 

scientists were given at least one hour of training in 

plant ID and the experimental methodology and then 

participated in a practice data collection trial (Figure 4) 

For further details see appendix 1.  

 

Transect set-up (sampling strategy) 

Parallel transects can be used to sample biodiversity, 

sometimes with quadrats placed randomly along the 

transect (e.g. Bridle et al., 2009) and sometimes with 

them placed systematically, for example every 10m 

along a 100m transect (Collaborative Forest 

Restoration Program, 2003). In this study, the latter 

approach was taken, enabling correlation between 

distance from entrance and biodiversity.  

Figure 4 Citizen scientist practicing data collection 
techniques. 



 

 

 
Figure 5 Set up of transects. Not to scale. Transect line shown is for illustration - 20m surveyor tape was used. Shape of 
mews is idealised; not all are perfectly rectangular and transect lines flexibly tracked the edge in those cases. 

Three transect lines were laid within each mews, one in the centre and one tracking each edge 

(Figure 5). For consistency, the start of the transect was defined as being in line with the outer 



 

 

(gable-end) wall of the first buildings in the mews (for example, the shaded wall on the far left of 

Figure 2). Every 20m along each transect, a quadrat was placed, and observations made (see 

below). The mean length of mews in the present study was 94 metres (the mode was 80) and so 

sampling every 20m ensured a sufficient but feasible number of data points per mews. This 

method was preferable to dividing the length by a fixed value as it ensures an equal proportion 

of each mews is surveyed. A 20m surveyor tape was laid down the centre of the mews and used 

to mark out the distance to each new sample point - a short tape allowed rapid movement in 

response to traffic. Citizen scientist spotters guided the placement of quadrats in line with the 

20m mark.  

 

The edge transects were positioned as close as possible to the side walls; a metre ruler was used 

to indicate a maximum allowable 1m distance from the wall in rare cases where obstacles 

prevented them being flush with the wall. Having two edge quadrats reflects the anecdotal 

observation from preliminary investigations that vegetation in mews tends to be concentrated at 

the edges (perhaps due to trampling by cars driving down the middle, since mews are typically 

single-lane roads). This observation led to the formulation of RQ4, which asks whether this is a 

statistically significant relationship. 

 

Sampling within quadrats (including plant ID) 

Two approaches are typically available for determining optimum quadrat size - a species-area 

curve or the use of a generalised table for different lifeforms (Kent, 2012). Within mews, the 

vegetation tends to be clumped in small patches and this lack of homogeneity in the vegetation - 

and the analysis of twenty different sites - means that a species-area curve is not suitable. In 

accordance with lifeform-based guidance in Kent (2012) 0.5x0.5m quadrats were therefore used. 

These had a mesh size of 50x50mm, providing 100 squares and facilitating determination of 

percentage cover.  

 

When surveying spontaneous urban plants, it is common to use the Braun-Blanquet method (e.g. 

Godefroid, Monbaliu and Koedam, 2007; Uchida et al., 2014), which estimates cover within 

categories rather than as raw percentages. However, the categories of Braun-Blanquet are 

insufficiently granular to distinguish the small differences in cover seen in this study. 

 

Six simultaneous groups of students worked in pairs (Figure 6), filling out a data sheet (see 

appendix 3) by recording the following: 

 

1. The location of, and length along, the transect. 

2. The percentage coverage of all plants (including grasses and bryophytes). Each 1% square 

within the grid that was more than half covered by vegetation counted as 1% cover. 

3. The percentage frequency for each species of plant (excluding grasses, due to their growth 

form and inability to distinguish the species of saplings). The total number of 50x50mm 

squares in which the species was present at all was recorded. 



 

 

 
Figure 6 Six simultaneous pairs of students collaborating before digitally recording data. Groups smaller than 12 still 
worked in pairs but completed fewer quadrats simultaneously. Icon credit: Soontorn (2020). 

Pairs were asked to individually determine values and then reach a consensus to record in the 

data sheet, to improve reliability of estimates. Data recording was done using shared online 

documents on mobile phones, allowing data quality to be monitored in the field. The lead 

researcher checked the data of the six simultaneous pairs after each round before collectively 

moving on to the next set of quadrats; controlling the pace at which tasks are completed mitigates 

some of the risk of difference in sampling effort that Dickinson et al (2010) highlight as an issue 

with citizen science. 

 

The lifeform of each species was subsequently recorded (Dřevojan et al., 2023 following Raunkiær, 

1934) and each species was classified as native or non-native with reference to published literature 

(Darlington, 2020; Stroh et al., 2020; NBN Trust, 2024) but data were unavailable for more 

granular distinctions based on when non-natives were introduced, as used by Kent (1999). 

 

Following Krüsi and Trachsel (2012) and Kent (1999) mosses and liverworts were not identified 

to species level and were excluded from most quantitative analyses.  

 



 

 

One mews, Wythburn Place, was re-recorded because of insurmountable issues with data quality. 

The data for its partner, Gloucester Place Mews, could not be formally repeated due to time 

constraints but was observed to remain very low in biodiversity.  

 

Data Analysis 

RQ1 - Relationship between surface type and percentage cover 

For each mews, a mean percentage cover was found and from this a “mean of means” for each 

surface type was calculated (Table 1). For comparison, a “true mean” was also calculated by 

summing the percentage cover for all quadrats in all cobbled/tarmacked mews and dividing by 

the total number of quadrats. The values are similar regardless of the approach taken. Graphing 

(Figure 14) uses the “mean of means” because we are comparing the means of pairs of mews in 

the statistical analysis.  

 

A paired t-test was used to compare the means of the two sets of paired data. This assumes the 

differences in percentage cover are normally distributed (McDonald, 2014), confirmed by the Q-Q 

plot in Figure 7 and a Shapiro-Wilk test (W = 0.885, n = 10, P = >0.05).  

 
Figure 7 Probability plot for paired differences in percentage cover between surface types. 

 

There was a single outlier in the differences, pair 4 at 15.9 (Tukey Fence, k=1.5) but this was not 

considered an error as it simply represents natural variation. 

 

Since the aim is to test if cobbled mews have greater cover, and there is a theoretical basis to 

support this, a one-tailed test was used. Effect size was calculated to quantify the magnitude of 

the effect (Sullivan and Feinn, 2012). 

 

RQ2 - Relationship between surface type and Simpson diversity index 

Diversity was measured using the reciprocal Simpson diversity index (‘SDI’), otherwise known 

as ‘Hill-Simpson’ or ‘effective number’; this has a number of advantages over the standard 

Simpson index, including that it intuitively has the number of species as its maximum value and 

that it scales linearly with the loss of species (Jost, 2006; Roswell, Dushoff and Winfree, 2021). 

Since this value is sensitive to abundant species (Morris et al., 2014), and because of their 

distinctive ecology, Bryophytes s.s. were excluded from the calculation of diversity.  

 



 

 

Diversity was measured for each mews population as a whole and was therefore not suitable for 

RQs 3 and 4 (which used percentage cover instead).  

 

As for RQ1, we compared means of two sets of paired data for which we assume cobbled mews 

is greater. However, this time the differences deviated from normal (Shapiro-Wilk test, W = 0.806, 

n = 10, P = <0.05 and Figure 8) and so even though paired-t tests are not sensitive to small 

deviations from normal (McDonald, 2014), the effect size here was large (Kolmogorov-Smirnov, 

KS - D = 0.2391). The data were therefore log(10) transformed, which produced normally-

distributed differences (Shapiro-Wilk test, W = 0.971, n = 10, P = >0.05) so a one-tailed paired 

t-test was used. 

 
Figure 8 Histogram clearly shows non-parametric distribution of untransformed data 

RQ3 - Relationship between distance from mews entrance and percentage cover 

Figure 9 and a Shapiro-Wilk test (W = 0.476, n = 141, P = <0.05) showed the percentage cover 

variable deviated significantly from a normal distribution. This remained the case after log10+1 

(+1 because of zeroes) and square-root transformations. A Spearman’s rank correlation was 

therefore used. 

 

 

 
Figure 9 Probability plot of percentage cover variable shows non-parametric distribution. 

RQ4 - Relationship between proximity to mews edge and percentage cover 

Data exist for left, centre and right transects (Table 4) and thus we first tested the assumption 

that left and right are not significantly different and can thus be combined as ‘edge’. Differences 



 

 

were normally distributed (Shapiro-Wilk test, W = 0.921, n = 10, P = <0.05) and a paired t-test 

showed no significant difference between left and right edges (t = 0.192, DF = 9, P = >0.05). 

 

When combining left and right, pairs are lost and so normality must be tested within each sample; 

neither set was normally distributed (Shapiro-Wilk test, W = 0.718, n = 20, P = >0.05 and W = 

0.589, n = 10, P = >0.05) even after log10+1 and square-root transformations. Therefore, a two-

tailed Mann-Whitney U test was performed. 

 

 

Results 

Across all mews, 37 species were recorded (Figure 12). Half of all individual plants observed were 

of only three species (Figure 11) and 25% were Draba verna (Figure 13). As discussed below, 

almost all this diversity was in cobbled mews (Figure 10). 

 

  

Figure 10 The two extreme ends of biodiversity; a typical quadrat in a tarmacked mews and an especially biodiverse one 
in a cobbled mews. 

 



 

 

  

  

Figure 11 The four most abundant species in Westminster mews. Anti-clockwise from top left: Draba verna (Lockton, 
2017) , Veronica arvensis (Siegmund, 2012), Plantago major (Taylor, 2012), Stellaria media (Hugo.arg, 2007).  



 

 

 
Figure 12 All 37 species identified, ranked by abundance. 

 
Figure 13 Pie-chart of abundances emphasises dominance of a few species. 

 

 

 



 

 

RQ1 - Relationship between surface type and percentage cover 

Percentage cover in cobbled mews is significantly larger than in tarmacked mews (t = 3.76, DF 

= 9, P = <0.01). The effect size (Cohen’s d, 1.19) was large (Sullivan and Feinn, 2012). 

 

Table 1 Mean percentage cover in mews with different surface types 

Pair 
Mean Percentage Cover 

Cobbled Tarmacked 

1 4.5 0.1 

2 7.3 2.0 

3 4.9 0.1 

4 16.0 0.1 

5 3.2 0.1 

6 10.7 1.6 

7 7.3 0.2 

8 2.3 0.3 

9 0.2 0.1 

10 2.1 0.1 

Mean of Means 5.8 0.5 

True' Mean 5.3 0.5 

Standard Deviation 4.7 0.7 

95% confidence interval 2.9 0.4 

 



 

 

 
Figure 14 Mean percentage cover is much greater in cobbled mews . Error bars show 95% confidence intervals; variability 
is large. 

 

 

  



 

 

RQ2 - Relationship between surface type and Simpson diversity index 

SDI in cobbled mews is significantly larger than in tarmacked mews (t = -5.89, DF = 9, P = 

<0.01). The effect size (Cohen’s d, 1.86) was large. 

 

A box plot of the untransformed data (Figure 15) revealed minimal spread or overlap in the data. 

One outlier (cobbled 18.3) pulled the mean up to 6.0 from 4.6 without it.  

 

Table 2 SDI in mews with different surface types – values vary but cobbled appears visibly much higher 

Pair 
Reciprocal Simpson Diversity Index 

Cobbled Tarmacked 

1 2.2 1.0 

2 18.3 2.7 

3 3.7 3.6 

4 3.7 1.0 

5 6.1 1.0 

6 3.9 1.0 

7 3.5 1.0 

8 8.0 1.0 

9 3.9 2.1 

10 6.6 0.6 

Mean 6.0 1.5 

Standard Deviation 4.7 1.0 

95% CI 2.9 0.6 

 



 

 

  

 
Figure 15 Boxplot of surface type and SDI highlights minimal variability. Means in yellow, outliers in green. 

 

RQ3 - Relationship between distance from mews entrance and percentage cover 

Spearman’s rank correlation found no significant correlation between distance from entrance and 

percentage cover (r = -0.0560, DF = 141, P = >0.05). So-called ‘p hacking’ should be avoided 

(Head et al., 2015) but there was no significance even for only the cobbled cul-de-sacs (r = -0.089, 

DF = 72, P = >0.05) or excluding the small-sample-size 100m values (r = -0.106, DF = 69, P = 

>0.05). 

 

A boxplot of these data (Figure 16) shows that percentage cover values are clustered at low values 

but for almost every distance there are several noteworthy outliers.  

  



 

 

Table 3 Distance from entrance and percentage cover 

Distance from entrance (m) Mean Percentage cover Sample size 

0 2.3 30 

20 2.7 30 

40 2.9 30 

60 2.3 30 

80 0.6 18 

100 3.0 3 

 

 

 

 
Figure 16 Boxplot of distance from entrance and percentage cover. Means in green, outliers in yellow. 

RQ4 - Relationship between proximity to mews edge and percentage cover 

The null hypothesis was accepted, so we conclude that vegetation cover does not significantly 

differ between the edge and centre of mews (U = 318, n1 = 40, n2 = 20, P = >0.05). A Kruskal 

Wallis Test similarly found no significant difference in medians between the three separate 

transects (H = 2.20, DF = 2, P = >0.05). The similarity of each transect can be seen in table 4 



 

 

and figure 17. Mann-Whitney U tests for all subdivisions of the data (e.g. cobbled only, 

throughfare only etc.) found no significant difference between edge and centre. 

 

Table 4 Heat-map table showing proximity to edge and percentage cover. Left table orders mews by surface type, right table 
orders by road type. The darker the shade of green, the greater the cover. 

 
 

 



 

 

 
Figure 17 Bar chart of proximity to edge and percentage cover. 95% CIs not shown due to non-normal distribution; whilst 
range or interquartile range can be used as alternatives, a box plot shows this better and here the emphasis is on similar 
means.. 

Additional analysis 

Further analysis is detailed in appendix 2. 

 

Discussion 

 

Interpretation 

Clear evidence is provided that cobbled mews have significantly more abundant and biodiverse 

plant life than tarmacked mews. In the most extreme cases, the amount of vegetation between 

cobbles is remarkable and strongly supports an ecological benefit of retaining cobbled surfaces.  

 

Variables other than surface type do not appear to influence vegetation cover, perhaps because 

the species that thrive in mews are sufficiently tolerant to trampling and pollution to survive 

anywhere in the mews.  

 



 

 

Equally, the study provides evidence of the general impact of covering soil by any means. Even 

the most abundant mews had large patches with no vegetation and the near-total absence of life 

in tarmacked mews was striking.  

 

Comparison to other research 

Cover is higher than McKinney’s (McKinney, 2010, p.290) “zero productivity” and similar to 

Melander’s (2009) 2% but Gilbert (1991) claims 32% vegetation cover in built-up Berlin in 1979, 

which is significantly higher than even the cobbled mews (5.3%). The total number of plants 

found is lower than in some similar studies (Gilbert, 1991; Kent, Stevens and Zhang, 1999; Krüsi 

and Trachsel, 2012; Uchida et al., 2014) but here we analysed a much smaller total area of 85.5m2. 

Gilbert (1991) reports 380 species of vascular plant per km2 but it is hard to compare like-for-like 

because we cannot assume data scale up linearly. Doing so would predict more species would be 

found in London per km2 than the total number of vascular plant species on earth, so we must 

assume it levels off at some undetermined point. Similar studies tend not to report SDI values.  

 

Several species were also recorded by Krüsi and Trachsel (2012) and Fagot et al (2011), who 

found Taraxacum officinale, Plantago major and Erigeron canadensis amongst their most common 

species, and also found Bryophyta to cover the most area. No similar studies report Draba verna 

or Veronica arvensis, suggesting their dominance may be unique to London mews. Benvenuti 

(2004) also found a mix of annuals and perennials. That 25% of species were non-native 

strengthens McKinney’s (2006) claim that urban plant communities are becoming more globally 

homogenous. Gardens are a significant source of alien plant species in urban environments 

(Kowarik and Fischer, 2020) - and it is likely that some non-natives were intentionally introduced 

by mews residents. Roads themselves can be dispersal corridors for invasives (Meunier and 

Lavoie, 2012). 

 

That surface type is a key causal factor in the difference between mews is in line with the complete 

literature review above.  A more complete multivariate analysis could identify other explanatory 

factors - Fagot et al (2011), for example, analysed usage intensity, light intensity and joint width 

together and Kent et al (1999) accounted for altitude, substrata and distance from water and the 

city centre. 

 

The industrialised northern hemisphere is over-represented on the literature on urban flora 

(McDonnell, Hahs and Breuste, 2009) and this study does not address that.  

 

Management Recommendations 

The results support a three-pronged management strategy. First, ‘do no harm’, avoiding 

converting more mews to tarmac where possible, perhaps by raising awareness of the ecological 

value of cobbled surfaces. Second, biodiversity within mews should be maximised – and further 

research may be needed to identify the most effective interventions. Krüsi and Trachsel (2012, 

p.69) suggest “(1) reducing care and maintenance, (2) not sealing paving joints and (3) using grass 

pavers in parking lots or tram routes.”  

 



 

 

Finally, broader efforts to are required to mitigate negative impacts of urbanisation on the 

environment, for example Johnston and Newton (2004, p.63) suggest using paving that 

incorporates vegetation or even vegetation instead of “hard landscaping”. What is true in mews 

is likely true for other broken surfaces (Figure 18) and so the findings here should have broader 

implications.  

 
Figure 18 Spontaneous roadway vegetation in Chitose, Japan. 

Evaluation 

Systematic sampling misses some variation within the mews. Many mews have plant abundance 

clustered in gutters that run down each side, but these were all missed due to the sampling strategy. 

Although the same for all mews, this systematic error likely reduces the perceived size of the 

differences, because tarmacked mews had almost no cover but cobbled mews likely have more 

cover than was recorded. 

 

Similarly, another systematic error is introduced by the method of determining percentage cover; 

the cracks between cobbles rarely cover more than half a quadrat square, leading to an under-

estimate of cover. Uchida et al (2014) define the size of a crack in the road as under 20mm - by 

this definition any plants growing in a crack could never cover more than 50% of a 50x50mm 

square. And since “floristic composition… is up to a point dependent on the width of the spaces 

between the stones or bricks” (Segal, 1969, p.239) it may be that biodiversity is also 

underestimated. Using smaller squares could overcome this but would take longer. 

 

Further inaccuracies arise from not recording grasses when determining SDI. This decision was 

made because of the difficulty distinguishing species, but most similar studies record (only) Poa 

annua and grasses could perhaps have been identified at least to family level if not species. Sagina 

procumbens is a common pavement plant not recorded in this study – its seedings are highly alike 

Poa annua and it was likely missed. 

 



 

 

The data for (cobbled) Great Cumberland Mews were unusually low, revealing a limitation. No 

control for age of cobbles or for sealant type was included in the experimental design and 

although many mews have original granite setts, a number of cobbled mews such as Great 

Cumberland have newer or different materials (Brown, 2021b) this nuance suggests areas for 

further research.  

 

Further study 

The study invites additional questions for further research. For example, since mews are small, 

unconnected spaces are there is debate about whether such small spaces may create ecological 

traps, drawing animals away from higher quality habitats to their peril (Lepczyk et al., 2017).  

 

It was observed that plants in the mews generally remained quite small during the whole season 

relative to individuals in less disturbed locations. Further research into the morphological impacts 

of mews life could provide further insight into the ecology of these streets.  

 

Humans are an integrated component of urban ecosystems and drive the emergent properties of 

the system; in that context it is vital to manage cities with a whole-system approach, integrating 

ecological and sociological considerations (Alberti, 2008). As Grimm et al (2000, p.573) note, 

“Without understanding interactions and feedbacks between human and ecological systems, our 

view of ecosystem dynamics both at local and global scales will be limited—as will be our ability 

to apply these insights to public policy and land management.” To do this is somewhat beyond 

the scope of the current study but must be borne in mind. There is often resistance to ‘messy’ 

spontaneous vegetation and many studies of it focus on removing “weeds” (e.g. Benvenuti, 2004; 

Rask and Kristoffersen, 2007; Melander et al., 2009; Fagot et al., 2011; De Cauwer et al., 2014) but 

informal conversations with the residents of mews during this study suggested that in these 

locations plants are actively welcomed and there is scope for sociological research about the 

reasons for this openness to spontaneous vegetation. 

 

Conclusion 

In line with previous studies, it was found that the surface type is an important driver of urban 

plant biodiversity. When mews have a cobbled surface, there is more opportunity for plants to 

thrive and this results in higher cover and biodiversity. The location within the mews appears to 

not impact biodiversity. The study adds further evidence that urbanisation is associated with 

reduced species richness and increased prominence of non-native species. High-quality data to 

support these conclusions was successfully collected by young citizen scientists. 

 

Biodiversity of spontaneous vegetation and the community that depends upon it can be 

maintained by preserving cobbled mews. 
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Appendices 

Appendix 1: Citizen Science 

The Dimensions of Engagement Framework (Phillips et al., 2019) was utilised to apply best 

practice in engaging citizen scientist learnersFigure 19. Students collected data (behavioural), 

worked in collaborative pairs (social), learned research skills and natural history facts (learning) 

and reflected how the experience affected them (affective). 

 

 
Figure 19 Dimensions of Engagement Framework (Phillips et al., 2019) 

Following Davis et al (2016), they were given a simple identification guide (see appendix 3) and 

were extensively supervised in the field. One group was selected (based on alignment with 

curriculum goals) to co-construct methods and thus helped to shortlist sites, create the 

identification guide and conduct preliminary trials to refine the methodology. Timing constraints 

did not allow for students to take a identification proficiency test, which could have improved 

the reliability of measurements (Dickinson, Zuckerberg and Bonter, 2010).  



 

 

 

Citizen scientists reported generally positive feelings about their participation in the study. One 

noted, for example, that “I liked that… we were actively doing real science” and another that “I 

felt fully immersed in the scientific process and that I had responsibility for the application of 

each of its aspects.” Showing students older and newer mews surfaces also hopefully mitigates 

‘shifting baseline syndrome’ (Pauly, 1995; Papworth et al., 2009). 

 

Appendix 2: Additional Tables, Statistics and Analysis 

A Principal Component Analysis was not conducted because most of the relevant variables are 

categorical and conversion to binary values would lead to excessive differences in scaling. Non-

Metric Multidimensional Scaling would be suitable but analysis in R indicated that there was 

insufficient variability in the data and too few usable samples (since many data points are 

effectively blank). Regardless, the existing analysis is considered sufficient to answer the research 

questions.  

 

Time of year as a variable was analysed (Figure 20). The paired design was implemented because 

the pairs of mews have a shared time and (approximate) space and when plant biodiversity was 

informally observed before and after the study period (in March and June) it appeared 

considerably lower than during the study period. However, it is worth subjecting this question to 

statistical analysis. SDI deviates significantly from normal (Shapiro-Wilk test, W = 0.691, n = 10, 

P = <0.05) so a Spearman’s rank correlation was used and found no significant correlation 

between day of year and reciprocal Simpson Diversity Index (r = -0.643 , DF = 10, P = >0.05).  

This suggests that it may not be necessary to use a paired design (it is maintained as a 

precautionary measure). Finding statistical significance even with the paired design adds greater 

confidence to the findings.  It was unexpected to find no relationship with date (Figure 20), but 

this is likely to be influenced by the choice of sampling period, which is within a narrow window 

of peak growth. 

 



 

 

 
Figure 20 Relationship between date and SDI. Low R2 values imply weak correlation. 

In addition to cover and SDI, species richness for the two surface types (Table 5) also differs 

significantly (t = -8.99, DF = 9, P = <0.01). 

  

Table 5 Surface type and species richness; richness is much higher in cobbled mews 

Pair 
Species Richness 

Cobbled Tarmacked 

1 10 4 

2 17 8 

3 9 1 

4 15 1 

5 10 1 

6 10 5 

7 14 2 

8 11 0 

9 5 0 

10 9 2 

Mean 11 2 

R² = 0.1144

R² = 0.0109
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A total of 37 different species were found (Figure 12), with an abundance ranging from appearing 

in a single 5x5mm square to appearing in 270 (or 984 if mosses are included). 25% of the 

individual plants that were found were Draba verna. The three most common plants (Figure 11) 

represented more than 50% of the total individuals found (Figure 13) and 90% of all individuals 

came from just 14 species. Three species could not be identified either in the field or with 

extensive later investigation (see appendix 5), but the research questions depend only on knowing 

that they are distinct to the other species, and so they are recorded simply as species X, Y and Z 

(named in order of discovery).  

 

Nine of the 37 plant species are non-native to the UK (NBN Trust, 2024; POWO, 2024). Exactly 

half of the plants are annual therophytes and half are perennial hemicryptophytes. Annuals 

represent only 6% of plants in general and are often found in arid conditions (Poppenwimer, 

Mayrose and DeMalach, 2023) and indeed many of the non-native species found in mews are 

from more arid regions (Table 6) and it seems that the bare rock of the mews may echo a habitat 

found in drier parts of the world - perhaps implying the mews have relative resilience to climate 

change.  

 

Table 6 Place of origin for the non-native species; often arid regions 

Species Origin 

Campanula portenschlagiana Croatia 

Soleirolia soleirolii Italy 

Erigeron canadensis North America 

Campanula poscharskyana Serbia 

Matricaria discoidea North America 

Erigeron karvinskianus Mexico 

Erigeron sumatrensis Central/South America 

Cotula australis Southern Africa/Australia 

Lobelia erinus Africa 

 

Overall, 66% of quadrats studied had absolutely zero cover - only 21% were like this in cobbled 

mews but 87% were in tarmacked mews. 

 

 

  



 

 

Appendix 3: Data recording sheet 

Size reduced to fit on a single page (document used in field was in pageless digital format) 

London Mews Floristic Diversity Investigation: Data Sheet 

Location 
 

Date 
 

Weather 
 

 

Left Edge Transect 

Distance 
along 

transect 

Percentage 
cover all 
species 

Species present 
(names and percentage frequency) 

Recorded 
by 

(initials) 

Photograph 

 

Central Transect 

Distance 
along 

transect 

Percentage 
cover all 
species 

Species present 
(names and percentage frequency) 

Recorded 
by 

(initials) 

Photograph 

 

Right Edge Transect 

Distance 
along 

transect 

Percentage 
cover all 
species 

Species present 
(names and percentage frequency) 

Recorded 
by 

(initials) 

Photograph 

 

Notes, including images of unknown species 

Pavement Plant ID Guide 
5 

Quad. Ref. Notes 

https://docs.google.com/document/d/19pqdVLuEwIE8_Av_SG2Im4os3m69PqUEJyzrTtqN-ho/edit


 

 

Appendix 4: Raw data 

A digital copy of the raw data, which does not fit on A4, is viewable at tinyurl.com/mews-data 

 

Appendix 5: Unidentified Species 

Three species could not be reliably identified in the field or with extensive later research. The 

conclusions of the report do not depend on the ability to name species, but only to determine 

uniqueness (for calculation of SDI) and so these were simply recorded as X, Y and Z.  

Species X 
Found in Hyde Park Gardens Mews,  
18 April 2024 
 

 

Species Y 
Found in London Mews 
28 March 2024 
 

 

Species Z 
Found in Bryanston Mews West 
18 April 2024 

Uploaded image file was corrupted but the 
plant was observed by the principal scientist in 
the field and determined to be unique.  

 

 


