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[bookmark: _Toc90847321]Abstract

Rising human population and expanding cities, along with climate change and over consumption and abuse of natural resources and the environment pose significant and immediate threat to biodiversity and global ecosystem sustainability. A worrying trend towards human disconnection with nature is also a key factor in the decline of ecosystem resilience and lack of thought and planning in retaining the essential services the natural world provides and can continue to provide for future generations. An increasing understanding of human need for being in and experiencing nature, particularly within the ever-growing urban environment and the benefits to physical and psychological human function dictate a necessity to increase and improve quantity and quality of urban green space provision. This research provided an insight into management techniques of an urban green space, the habitat it offers, and the potential that realistic improvements and additions could help to realise. Survey findings, research, and analysis revealed failings and opportunity in this site and aided the development of a method for improving this and similar urban green space sites. The complexity of urban sites with wide ranging stakeholder interest, alongside necessity for strengthening biodiverse provision creates a dynamic and exciting challenge to future research, which is essential in understanding how human-nature interaction can thrive in these unique environments. This research findings suggested collaboration and changing management style and priorities are all crucial for the sustainable success of public urban green space.
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[bookmark: _Toc90847328]Chapter 1. Introduction

The natural world is being irreversibly damaged by humans at a time when we need it most. Nature and its vital contributions to people, which together embody biodiversity and ecosystem functions and services, are deteriorating worldwide. Nature is essential for human existence and quality of life. Furthermore, human actions threaten more species now than ever before with around 1 million plant and animal species already facing extinction (IPBES 2019).

Globally, focus on biodiversity is a priority, with the United Nations Strategic Plan for Biodiversity, Aichi Biodiversity Targets and Sustainable Development Goals all highlighting its importance to human and all life on the planet (UN 2020) and most recently the Leaders’ Pledge for Nature to reverse biodiversity loss by 2030 coming from the UN Climate Change Conference (2021). In the past 50 years, the human population has doubled, the global economy has grown nearly fourfold and global trade has grown tenfold. Together with this growth in population, 55% of all people on earth live in urban areas, a predicted 2.5 billion more will join them by 2050 (UN 2018). 

At government level there are aims to protect and enhance biodiversity and geodiversity, along with wildlife corridors and affords protection of development with Local Green Space Designation noted in the National Planning Policy Framework 2012 (UK Government 2012). Additional ‘Pocket Park’ funding has also been released to aid the creation and redevelopment of urban spaces such as derelict land or disused allotments (UK Government 2019). Furthermore, the National Design Guide includes planning guidance to include well designed public space for people and nature with connectivity a key consideration (UK Government 2021). It is evident that the UK government understands some of the benefits of green space to communities but further research into the extent to which policy has or can improve quantity, quality and access is required.

The evidence that ‘We moved from being a part of nature to being apart from nature’ (Attenborough 2018), points to an increase in the modern-day disconnection between humans and the natural world. This dense population increase, concentrated within the built environment, separate from nature puts growing pressure on our existing green spaces and highlights the need for improving their quality and quantity, bearing in mind the biodiversity of green spaces positively contributes to human well-being in health, security and freedom of choice and action (Reyes-Riveros et al. 2021), along with a great many other benefits to both people and the environment, providing a triple win for environmental sustainability, health and health equity (Kruize et al. 2019).

This research project aims to offer a new solution to increasing the quality of urban green spaces for nature. Through habitat and wildlife surveys and collation of existing survey materials available for a target site, and equivalent local green spaces viewed as more successful in their biodiverse habitat offering on face value, the production of a guidance method relevant to a broad range of green space creation and improvements will be proposed. This method will seek to allow those using it to increase biodiversity, strengthen habitat connectivity and increase awareness of and attract wildlife present in surrounding areas, resulting in the myriad of positive benefits to all stakeholders that those factors provide.






[bookmark: _Toc90847329]1.1 Background and Rationale

The concept of urban green space is far from new. The ancient Romans recognised the benefits of the natural environment to the health and wellbeing of its citizens, seen in writing from as far back as the mid-second-century BC (Baker 2018) and coined the phrase ‘Rus in Urbe’ the country in the city (Rudd-Jones 2015). 

In the UK, in more recent times, polluted cities and poor working conditions resulting from the industrial revolution, gave birth to utopian ideals stemming from a desire for improvement in community, health, and wellbeing of workers. Villages were created by philanthropic industrialists like Sir Titus Salt (1803-1876), George Cadbury (1839-1922), along with the Garden City movement (Livesey 2011).  However, management practices of publicly accessible green space appear to have avoided evolution since the days of these pioneers.

Nowadays there are a great many more factors studied, further understood, and involved in the creation and management of urban green spaces. With native biodiversity at risk from numerous factors, including climate change, non-native invasive species (INNS) and expanding populations and cities, there is an urgent need for an innovative structured method for habitat improvement, creation, and connectivity across the built environment. Urban green space is often provided as an open, short-cut grassland monoculture, with little consideration in planning stages for biodiversity or provision of a variety of habitats. The management of these spaces and much of the policy related to them and research around them focuses on human use, with nature an afterthought or final addition once an urban development nears completion. As such, provisions for biodiversity are typically tokenistic and do not achieve the experience of everyday nature that people need (Kirk et al. 2021).

In their current state, public green spaces are being underutilised in many senses. In terms of biodiversity and resilient ecosystems their potential is huge. Through improved planning and management, increased connectivity, improved habitat, local native species focus and an understanding of the wealth of benefits to nature, people, society and economically through ecosystem services, even a subtle change in thought processes locally and globally could prove a turning point for urban nature.

Many green spaces in urban areas in the UK are managed by local authorities, with some working alongside community groups. Swansea Council has a Local Biodiversity Action Plan, an Open Space Strategy 2017, and a green infrastructure strategy, entitled Swansea Central Area: Regenerating our City for Wellbeing and Wildlife (Swansea Council 2021) in its armoury, along with use of Natural Resources Wales’ Vital Nature Strategy (Natural Resources Wales 2018) to guide the Council’s vision for a greener Swansea. These strategies, along with engaging the local community in an effective way, could result in Swansea leading the way in developing green space quality, quantity, connectivity, biodiversity, and reap the benefits those elements provide. Table 1. shows that Wales offers the lowest amount of accessible green space in comparison to England and Scotland and Figure 1. portrays a worrying scene of falling biodiversity in the principality. 

Furthermore, despite positive signs from Swansea Council, management techniques in urban green spaces retain a familiar feel to that of many UK cities, with limited budget, reluctance to change approach, and in the case of the Vetch Field target site, a lack of appreciation of potential and need. The time for a dramatic change in understanding, prioritisation, and action globally and locally for the increasingly important green spaces within the urban environment has long since arrived and the hope is this research may offer a new usable opportunity in developing green spaces for nature and the public.

	Table 1. Extent of urban green spaces in 2019, Great Britain (ONS 2019)
	
	
	
	

	 
	England
	Scotland
	Wales
	Great Britain

	Extent (hectares)
	 
	 
	 
	 

	Urban area
	1,502,015
	176,009
	90,535
	1,768,560

	Natural land cover
	451,225
	64,025
	27,337
	542,588

	Blue space
	17,694
	2,462
	982
	21,138

	Functional green space
	107,388
	14,663
	4,351
	126,402

	Publicly accessible green space
	73,400
	9,407
	3,041
	85,847

	Proportion of urban area (%)
	 
	 
	 
	 

	Natural land cover
	30.00%
	36.40%
	30.20%
	30.70%

	Blue space
	1.20%
	1.40%
	1.10%
	1.20%

	Functional green space
	7.10%
	8.30%
	4.80%
	7.10%

	Publicly accessible green space
	4.90%
	5.30%
	3.40%
	4.90%

	Number of sites
	 
	 
	 
	 

	Functional green space
	56,420
	6,303
	3,988
	66,708

	Publicly accessible green space
	36,627
	4,173
	2,754
	43,551

	Source:
	Ordnance Survey
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[bookmark: _Hlk90657069]Figure 1. Declining biodiversity in Wales (Nature Biodiversity Network 2019)
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Aim
To propose a method to enhance biodiversity gain in an existing urban green space, adaptable for future developments, creating ‘natural flow’ to defragment habitat and develop a sustainable link between nature and a growing urban population.

Objective 1
[bookmark: _Hlk69844144]Assess the level of biodiversity and record floral and faunal species present at Vetch Field and selected local green space sites.

Objective 2
[bookmark: _Hlk69844175]Identify appropriate focal species to attract practicably and sustainably, and related habitat to encourage, enhance or create with a species focus to develop suggestions for development or modification of management practices to improve biodiversity and experiential potential for local residents.

Objective 3
Produce an accessible and transferable model for enhancing and creating biodiverse native habitat connectivity with a case study of Vetch Field through a native, local species approach.

[bookmark: _Toc90847331]Chapter 2. Literature Review

Through a literature review this section gives an insight into research, current thinking, and understanding of the benefits of urban green space for humans and nature, along with current green space management and methods employed and proposed for their future development and redevelopment.

[bookmark: _Toc80367213][bookmark: _Toc90847332]2.1 Physical and Mental Benefits of Urban Green Space

At a government level, the Well-being of Future Generations (Wales) Act 2015 (Welsh Government 2015) refers to a resilient biodiverse natural environment, better connected communities, and a healthy Wales in its seven Well-being Goals, all of which can be benefited by accessible green space. Public Health England have also produced a review, entitled Improving Access to Green Space (2020), highlighting how green space can reduce stress, fatigue, anxiety, and depression, but also the inequalities in access to green space in England with lower income areas shown to have fewer available green spaces. The review also refers to government policy now aiming at longer term strategies for provision of new, good quality green space that is inclusive and equitable and improving, maintaining and protecting existing green space. Furthermore, The World Health Organization has published the Urban Green Spaces and Health review (2016) promoting their health benefits and providing a ‘tool kit’ for measuring green space accessibility using GIS.

[bookmark: _Toc90847333]2.1.1 Physical and Mental Benefit Studies
Significant amounts of recent literature assess the positive impact of publicly accessible green space in cities. Research has been undertaken on physical positives such as reducing obesity, increased likelihood of performing vigorous exercise with closer proximity to publicly accessible spaces, (Toftager et al. 2011) and through ecosystem services, discussed in the UK Management of Green Spaces section. Physical health benefits include increased fitness, when able to access areas for sport, however, as seen in research in Oporto, Portugal, finding quantitative data on this topic has not proven easy, georeferencing residences to find a statistical association between teenager activity and proximity to urban green spaces yielded no concrete results (Magalhães, Ramos, and Pina 2011). Further studies focussed more on public usage of the green spaces themselves could help future research into habitational proximity and potential habitual usage of available outdoor spaces for physical activity, which is further examined in the existing models and methods section below.

Further positive physical health impacts are explored in a study into the benefits of biodiverse urban green spaces suggests exposure to these areas and their associated environmental microorganisms can diversify human microbiomes and help regulate immune system function (Flies et al. 2017). This paper calls for further research in human interaction with green space, in particular, exposure to natural sights and sounds, phytoncides and negative ions, with their effects on human immune system, microbiome, and related positive psychological and behavioural effects.

Other research focusing on the psychological merits of green space access uses a wide variety of assessment tools including ratings of life satisfaction (White et al. 2013). A research project in Denmark found a link between lower exposure to green space during early childhood increasing the likelihood of developing attention deficit hyperactivity disorder (ADHD) (Thygesen et al. 2020). On a similar, broader ranging subject, still child focused, a Swedish study concluded that integrating natural environments into urban planning could provide genuine reduction in psychiatric disorders, having found a 55% higher likelihood of developing these disorders in children who grew up in areas with less green space (Engemann et al. 2019). Reasoning behind these results needs further study.

[bookmark: _Toc90847334][bookmark: _Hlk89171432]2.1.2 Proximity and Barriers
Potential barriers to the public in engaging with nature include lack of access to green space, whether through geographic location, finances limiting access to private or restricted places and safety of publicly available spaces. Other barriers include education and understanding of nature, knowledge, and awareness of what is on offer locally and further afield. Another potential barrier to both engagement and use of green spaces is disability.

Disability can take many forms and affects people of all ages, with a growing population around the world and increasing lifespan, it is thought around 15% of the human population lives with a form of disability, with 45% of adults, sixty and above in the USA estimated to be impacted by disability. Research in New Zealand focused on older people with disability suggests that a lack of collaboration with this section of society can create exclusion from urban parks reasoning that parks that are not age, ability, or culture diverse are uninviting, with a lack of management consideration for varied user accessibility. Although this research had a relatively small sample group of seventeen older adults living with disability, it revealed numerous aspects of park infrastructure and management, including toilets, seating, access, light and shade, accessible format information and perhaps less obvious cultural elements like relevant features and sculptures sensitive to the local and varied population that need addressing to initially attract users and improve their experience (Perry et al. 2021).

On a related note, the variety of sensory differences experienced by people of differing disabilities and interactions that could be enhanced through management of green spaces offers an array of potential, with further study necessary in this area. However, there is also the psychological side and emotional attachment to flora and fauna that is a factor in human benefit derived from nature and it has been shown that time spent in a natural environment increases the likelihood of self-reporting good health and wellbeing (White et al. 2019). A sense of ownership or belonging can also be gained through a variety of means, whether volunteering time to help with practical conservation projects, planting seeds and nurturing them as they grow, and harvesting the crop or simply visiting a place regularly. 

[bookmark: _Toc90847335]2.1.3 Human Connectivity with Nature and Community
Outdoor public areas when used well, can become a hub for community engagement and connectivity with each other, their local area, and nature. Access to suitable open spaces give way to walking and jogging groups, yoga classes, and a huge range of other activities that can both create and bring communities and groups together. The UK, especially urban areas, are increasingly diverse in their makeup and cultural differences play a role in how different communities interact with nature, through a variety of reasons including religion, tradition, and perception. Perception that nature is dirty, not for them or is of little or no interest. Despite some of these barriers, proactive schemes such as the community allotment project developed in Vetch Field, can bring together local people from culturally diverse backgrounds including members of the local Bangladeshi and Chinese communities (Ashton 2015). The creation of outdoor spaces for community interaction has the additional benefits of reducing social, emotional, and physical loneliness particularly prevalent during the COVID-19 pandemic, improving psychological wellbeing (Landmann and Rohmann 2021).

Further opportunity for engagement can be realised through developments such as this, including local people organised community and friends’ groups, citizen science, animal surveys, further gardening and landscaping projects and decisions, empowering and nurturing a feeling of ownership and belonging. However, difficulties have been found in the longevity and efficacy of work by community and friends’ groups, if not given ongoing local authority support through lack of internal capacity and external guidance and direction (Mathers, Dempsey, and Frøik Molin 2015), with similar research in the Netherlands revealing important work of citizens in green space governance, whilst also noting the diverse range of physical and social objectives (Mattijssen et al. 2018).

In addition to the health benefits and evidence of access and proximity being key elements to the positive impacts on humans, quality of green space is also a factor. Some studies highlighted the increased positive effect on human health dictated by presence of perceived natural components like trees, flowers, and animals, adding significantly to the overall experience and interaction (Cox et al. 2017) and (Wood et al. 2018) where surveyed biodiversity revealed the same correlation. From the aforementioned research, the distribution, quantity and quality of urban green spaces are all of importance when considering the benefit to human life within city limits and will also impact the positive influence they have on biodiversity and nature in cities.

[bookmark: _Toc90847336]2.1.4 The Complex Human-Nature Relationship – Cultural, Experiential, and Physical
Seasonal changes in the natural world can have both positive and negative effects on human interaction with nature and desire to venture outside. The changing of the seasons can lead to soaring numbers visiting parks, beaches, and the countryside in the summer, coinciding generally with warmer, sunnier weather and school holidays, whereas colder, wetter times of year see reduced interest in natural places and the outdoors. The perception that spring and summer bring life and colour to our surrounding landscape, with autumn and winter bringing decay, hibernation, and a quieter time for wildlife and nature can be considered correct in many ways, however changing of seasons offers a change of scenery and experience available to people, with changing colours, and changes in animal behaviour with the example of migration. Physical impacts of seasonal changes are a further consideration, shown in research regarding people with allergies to tree pollen, where the presence of trees producing these allergens within urban green space can cause distress both through physical reaction and mentally through their perceived presence. The research calls for sensitive management and design of green spaces to prevent unnecessary increase in this associated distress (Aerts et al. 2020).

From fairy tales to folk songs, diet to entertainment, humans have always had complex relationships with all animals, with birds no exception. A UK based study into the strength of avian cultural heritage in promoting a lasting conservation ethos amongst school children determined that a species’ cultural heritage may be an effective tool as an ethno-biological approach to promoting conservation within the education system. Interestingly, with focus on the Eurasian Magpie (Pica pica) as the subject species, 88% of school children deemed the conservation of magpies to be important, with 87% having knowingly seen one prior to survey, 79% ‘liked’ them, and 67% considered them ‘attractive’. The research also suggested further study into latent influence of previous exposure to certain species, which would seem particularly pertinent given perceptions relating to magpie behaviours such as preying on the eggs and young of other birds, their distinctive noise, and reputation for stealing shiny objects (Hopper et al. 2019).

Along with changes in perception through learning styles and experiences, the growing disconnect between humans and nature (Ives et al. 2017), with ever decreasing likelihood and opportunity for interaction, termed the “extinction of experience” by Robert M. Pyle, through change in lifestyle, species’ extinction, human migration to the city and numerous other causes, is researched by Soga and Gaston (2016).  The study reveals loss in wide ranging benefits relating to health and wellbeing, along with loss of positive emotions, attitude, and behaviour towards the environment, effectively causing disaffection with nature. With alarming results in the fall of surveyed children who have experienced activities like birdwatching, climbing trees, and fishing from 1998 to 2009, with more time spent indoors and less visits to national parks, the negative trend seems clear. Creating and increasing opportunities for experience in nature is seen as the key to changing the attitudinal and behavioural downward turn, with urban green space, a vital arena to be utilised by all stakeholders from decision makers and planning authorities to researchers and local residents.

Loss in experience can also result in loss of understanding and of beneficial uses, shown in a study of invertebrate folk taxonomy, nomenclature, medicinal and other uses, folklore, and nature conservation in Romania, Slovakia, and Croatia. Broad ranging uses of invertebrates were found, including for medicinal purposes, food, bait, and playthings, along with thirty taxa associated with proverbs or used to predict the weather or success of harvests. Research goes on to suggest studies in other regions of the world could reveal important information that still exists that is not widely known and to highlight what may have been lost in certain cultures. Through lessening human interaction with both nature and other humans, loss of folktales and songs, reduction in learning that can be dismissed as backward, old wives’ tales or irrelevant, important knowledge may be and may already have been lost in many parts of civilisation throughout the world (Ulicsni, Svanberg, and Molnár 2016).

Appreciation and experiencing nature can take many forms and involve all of the senses. An encounter with something considered as commonplace as a robin in lowland South Wales could provide aesthetic pleasure with its bright red plumage, starkly contrasting against a wintry backdrop, its beautiful song heard for the first or thousandth time rising above the noise of city traffic, both of which with the ability to transform mood, create interest in enhancing learning in wildlife, help recall a memory of another time or a person. Importance is placed on scenic beauty and biodiversity in terms of wellbeing and scenic beauty can serve as a strong incentive for people to safeguard ecosystems, although beauty is very subjective (Elwell 2020).

Similarly, plants provide more than their essential part of ecosystems but also provide interaction through sight, smell, taste, touch, and sound. An example of this, is seen with sensory gardens, created to allow human heuristic, experiential contact with a variety of plants chosen for their scent, often comestible or tactile, or for their striking colours. Gardens such as these can be found in public and private spaces, and in educational establishments, and as touched on previously, particularly those with students with learning difficulties or disabilities, where sensory experiences provide everything from a calming space to a stimulating or even challenging environment. Through thriving biodiversity, comes increased opportunity for positive human experiences with the natural world, enabling connection, physical and mental health benefits, opportunity to get involved and engage with community, and all manner of understood or as yet unmeasured positives.

[bookmark: _Toc80367214][bookmark: _Toc90847337]2.2 Green Spaces for Nature and the Environment

[bookmark: _Toc90847338]2.2.1 Biodiversity
Urbanization can be catastrophic for native species (Garrard et al. 2017), however, many urban sites offer scarce or unique habitat for species that have adapted or have potential to adapt to the human cityscape. A study of bird diversity in the urban environment covered data from 1581 cities and found larger cities hosted broader ranges of species compared to smaller cities but also found a specific, consistent threshold where urbanization has profound negative impact on biodiversity. Using over 5 million citizen science observations, the paper suggests main urban planning focus should be on maintaining or increasing water and tree-cover to remain above this threshold (Callaghan et al. 2021).

According to Biodiversity in the City (Lepczyk et al. 2017a), the island-biogeography perspective has now been largely replaced by the metapopulation theory where urban green space has been shown to provide important habitat for various taxa, with an ecological interconnectedness and interaction between them (Beninde et al. 2015), where species type and overall biodiversity depend on size, quantity, and quality of this network of spaces, yet all green spaces have some biodiversity value. Size is not everything and ‘tiny forests’ are being planted in line with the methods of Akira Miyawaki, often in derelict areas prone to fly-tipping, with local residents urged to become involved with surveying and upkeep (Morris 2021). The planting is aimed to produce multistratal native forests based on potential natural growth appropriate to locality, therefore needing less management, providing CO2 reduction, flood alleviation, native species habitat and an accessible site for mental and physical benefit of local citizens (Miyawaki 1998).

Biodiversity is not necessarily considered aesthetically attractive, in the same way that what is best for nature is not necessarily neat and tidy, with wood piles left to rot naturally rather than being removed, offering an abundance of invertebrates the ideal conditions for life. Ecologically rich environments like salt marshes and mangroves may have a different level of appeal to woodland or meadows, all of which may appeal to others significantly less, aesthetically than a neatly cut lawn or formal planting schemes. It is thought that knowledge of biodiversity could increase the preference and attraction of those more natural habitats through understanding of the processes and importance, although, arguably the relevance of biodiversity’s visual appeal could be considered as subjective as the appeal itself (Qiu, Lindberg, and Nielsen 2013).

[bookmark: _Toc90847339]2.2.2 Green Space Characteristics, Connectivity, and Fragmentation
The interconnectivity of urban green spaces is important to ecosystem resilience, with not just large publicly accessible green spaces needing to be considered (Braaker et al. 2014). Roadside verges, railway embankments, riverside sites and even individual trees provide valuable corridors to species movement and reproduction. Non-connected areas also provide habitat for specialist species to thrive in narrow ecological niches without competition (Ranta et al. 2015). All of which points to urban green environments of all sizes to be carefully considered in all planning and management stages.

Measuring species richness in New York urban green spaces however, has recently revealed that shape and isolation of these urban wildlife habitats has significantly less influence than overall area of the spaces, also highlighting a positive correlation with tree canopy cover, particularly noted in nocturnally migrating passerines in the spring. Previous thinking suggested circular spaces provided the most suitable habitat for avian species, however, size, often, crucially a limited element of urban green spaces, has been shown to provide the clearest increase in abundance of species in these urban habitats (La Sorte et al. 2020).The obvious constraints of their location being a limiting factor, increasing scale of sites could prove problematic or impossible, although planning and prioritisation of green space could develop connectivity to a level where linked sites’ area could be considered an extension of area and included in a combined calculation.

Considered strongholds of avian biodiversity in the urban environment, another study of birds, this time specifically woodpeckers in Vienna, Austria, found a similar correlation to the aforementioned New York research, in that size of area has the most significant impact on prevalence of bird presence, in this case when compared to habitat quality and connectedness. With the two woodpecker species subjects of the study, tree cover is integral as a main contributing factor to presence of such birds and with the similar density of tree cover across most of Vienna’s parks surveyed noted, larger areas of the same formation to contain more birds could be expected. Further work in a city with more varied mature tree distribution or a focus on parks within the city with higher degree of differentiation in tree placement and abundance may yield divergent results. The research also identified the positive impact of increased temperatures in the urban habitats in providing a refuge from colder temperatures, which may also extend to a more sheltered landscape from other meteorological factors such as high winds (Schütz, Reckendorfer, and Schulze 2017).

Generally considered to be a negative feature of landscape mosaics in terms of species distribution patterns, edge effect, through its provision of unique or heterogeneous nature, offers crossovers in habitat and niches for adaptable species (Langhans and Tockner 2014). This ecotone environment can support high biodiversity, not yet fully understood or researched in terms of salient species of owl and bat in the UK, where prominent hunting grounds are located. Urban green spaces of all sizes and shapes, by their very nature provide edge effect, not necessarily in all cases suitable for the majority, but oft frequented by the versatile and opportunistic.

Connectivity within the urban environment has also been considered in the dispersal of tree seed, with spatial patterns of species composition showing expected limiting factor of lower connectivity in the urban environment in comparison to that of the forest. Numerous factors include buildings preventing wind-blown seed dispersal, water-dispersed seeds affected through lack of natural riparian environments and urban drainage systems. These results highlight the importance of both connectivity and management, particularly for the latter, of plant selection given the barriers faced in seed distribution, and the necessity to select the right tree, in the right place, for the right reason, to give native species the best chance to grow sustainably, providing suitable habitat connectivity for other species in turn (Lopez, Urban, and White 2018).

[bookmark: _Toc90847340]2.2.3 Species selection, Opportunity, and Threat
Further evidence of green space management as a priority in increasing biodiversity comes from the North Andean city of Medellín (Garizábal-Carmona and Mancera-Rodríguez 2021), where an abundance of non-native species of tree were recorded in highest proportion in more intensively managed green spaces. This preference for introduced trees, voluntarily cultivated, resulted in lower avian species richness in comparison to less managed spaces where native understory provided habitat suitable for the native fauna. With management of species selection and intensity of management processes seen as a more realistic variable than expansion of size or change of shape, improved vegetation composition would offer a more economic and practicable advancement in green space quality for not just biodiversity as a broad term for the sake of number of species, but local biodiversity focussed. This is reflected in a study using GIS mapping in Aarhus, Denmark (Müller et al. 2018), with increased species richness for birds and invertebrates in areas with increased wildness or perceived less intensive management, with decreasing plant richness. The apparent anomaly of decreased plant richness can be explained due to presence of native growth in wilder areas and a greater variety in managed green space due to use of native and non-native planting schemes resulting in a potentially misleadingly increased bioscore if biodiversity is not considered in relevance and pertinence to place and origin.

Introduction of non-native species can unbalance the biogeochemical functioning of fragile, dynamic, multi-equilibria ecosystems, causing untold and potentially irreversible harm (Alberti 2005). Many non-native species are not invasive and appear limited in their detrimental effect on native habitats, however, further species level study is required in this area, but for those that are known to be invasive, they offer one of the most significant threats there is to biodiversity. In the UK, floral species such as Himalayan Balsam (Impatiens glandulifera), Japanese Knotweed (Fallopia japonica), and Rhododendron Ponticum (Pontica rhododendron) offer a considerable threat to native biodiversity, along with a sizeable, ever-growing cost of control if not eradicated, with the Chief Executive of Natural England stating “Biodiversity loss and climate change are two of the greatest challenges facing our world. At the same time the evidence of the benefits of a healthy natural environment to our wellbeing is now irrefutable.” (Spain 2019).

The environment offered within urban sites is often unique, with high levels of biodiversity, often including rare and endangered species thriving in urban niches, protected from other invasive or dominant species. These areas, which not only include accepted urban green space such as parks and gardens but also walls, drains, and rooftops should be cogitated during management planning for their conservation importance (Salinitro 2018). These niches and the cumulative effect of smaller green space habitats could have a large baring on the strength of sustainable ecosystems within this increasingly researched and realised urban environment’s potential for supporting diverse forms of life, seen, and unseen.

[bookmark: _Toc80367215][bookmark: _Toc90847341][bookmark: _Hlk80512999]2.3 UK Management of Green Spaces – Councils, Developers, and Communities

[bookmark: _Toc90847342]2.3.1 Green Space Management
Varying priorities and UK national government-directed public spending cuts since 2010 have effectuated necessity for change in approach to green space management due to diminished resources. Local authorities have increasingly sought to collaborate with community groups and organisations from a range of sectors to aid management processes and retain or improve green space provision whilst reducing financial input from the state. The development of Friends groups can be seen as one positive of these joint efforts, with longer term groups meaning less paid workers necessary for supervision, where volunteer group leaders and wardens can lead work parties, with additional training offered by councils valuing their longer-term volunteers (Dempsey, Burton, and Duncan 2016).

With financial constraints and little previous consideration or knowledge of the potential of parks and public spaces can offer people and the environment, the realisation and increased research of ecosystem services (ES) and nature-based solutions (NBS) offers insight into multi-faceted opportunities of these areas. Rather than a perceived money pit for little or no financial return, longer term and broader thinking in terms of ES and NBS can give monetary values to health and environmental benefits yielded by appropriate management and understanding. Something as simple as allowing grass verges to grow longer means less cutting, therefore less cost to councils whilst creating interest to public through aesthetic value of growing flora, increasing biodiversity, and allowing communities of nectar feeding invertebrates to thrive and pollinate local crops. Not all ES and NBS are so simply explained, however, their impacts may be hugely positive and potentially essential moving forwards.

A propensity towards a one size fits all approach to urban green space management historically, particularly seen with industrial lawnmowers keeping grass at a very low uniform sward height, limiting any ecological value of huge swathes of land. Ease of function and ease of thought, along with economy have created barren landscapes, by no means necessarily devoid of life but retained only for the very hardy, adaptable, or fortunate specialists. The ability of lawns and short cut grass as a habitat type is under researched. The potential mechanisms of urban grassland as unique dynamic ecological systems need further study, especially when small changes in management could lead to large gains for both biodiversity and ES, considering the land area cover they already offer (Ignatieva et al. 2020).

[bookmark: _Toc90847343]2.3.2 Ecosystem services
Looking into ecosystem services and specifically carbon sequestration, appropriate planting schemes for urban watershed can fix carbon and nitrogen in plant biomass, increasing the degradation of pollutants and contributing positively in terms of climate change. Increasing planting with specific species in areas of urban runoff can therefore enhance water purification, however, cannot be seen as an alternative to all other filtration and purification systems, offering more of an additional positive factor (Tang et al. 2021). Furthermore, study of soils ability to store CO2 has been shown to be reliant on plant cover, informing that tree cover in the urban environment provides greatest potential for carbon sequestration in plants and soils when planting on open ground rather than under perforated surfaces. Allowing trees to mature enables maximum carbon sequestration in terms of scale and time period, whilst also maximising other potential ecosystem services such as shade and windbreaking (Kuittinen, Moinel, and Adalgeirsdottir 2016).

Further advantages to utilising green space are represented in the form of pollution reduction, including reducing particulates, urban cooling, and sustainable urban drainage systems (SUDS). Urban green spaces help to moderate urban heat island effects, creating a three-dimensional cool island with potential, if considered within urban planning to offer measurable influence on energy usage (Kong et al. 2016), as well as previously mentioned sheltered havens for wildlife during extreme weather conditions. Moreover, mitigation of urban flooding and use of precipitation as a resource through planning and management can be implemented in public green spaces and via rainwater harvesting, green roofs, and pervious pavement, all of which have the possibility of being installed within green spaces or as entities in their own right within an urban setting. The efficacy of green roofs has been shown to outperform the other SUDS in research in Ho Chi Minh City, Vietnam, whilst publicly accessible green spaces, if considered separate, were the most popular form (Loc et al. 2017).

[bookmark: _Toc80367216][bookmark: _Toc90847344][bookmark: _Hlk80513036]2.4 Existing Models and Methods for Improving or Creating Urban Green Spaces 

A case study applying the use of Biodiversity Sensitive Urban Design (BSUD) (Kirk et al. 2021), concentrated on the Fishermans Bend, Melbourne, Australia, which is Australia’s largest urban renewal project. BSUD is a protocol improving or developing urban areas in terms of net increase in native species and ecological communities through the provision of habitat and food sources, for which the main principles include, maintain and introduce habitat, facilitate dispersal, minimize threats and disturbances, facilitate natural ecological processes, and improve potential human-nature interactions (Garrard et al. 2018).

Workshops were run with twelve focal species already selected from gathered data, using abstract visioning prompts, to draw answers and ideas from stakeholders, finally selecting seven of those species to aim habitat creation towards, with two of them used for spatial modelling. With these techniques, along with BSUD devised to enable accessibility in communication of the term biodiversity to the broadest audience, an engagement and increased feeling of ownership to create lasting success was a key part of the goal.

Furthermore, encompassed abiotic and biotic factors in habitat creation included in BSUD were augmented by use of Circuitscape 4.0, software designed to calculate landscape feature resistance on animal species considered analogous to electrical current flow. This method aids with detailing habitat connectivity or fragmentation, allowing for recording, mitigation, or management. The resultant modelling outcomes allowed production of a baseline and a biodiverse plan for the area, with increased habitat connectivity in both scenarios and additional habitat creation in the latter. Due to the recent conclusion of this study, further monitoring as a case study is important to record progress and attainment, particularly given the projected completion date of the development to be 2050.

Although Fishermans Bend, in considering biodiversity from the outset offered an excellent opportunity for the research to implement BSUD, due to timescales, all biological data used during the process was taken from existing sources rather than original surveys, which could have both positive and negative consequences due to wide ranging data already available from a number of varying sources, not all necessarily site specific or as accurate as primary surveys could be.

One research project in Monza-Brianza, Italy (Senes et al. 2021) resulted in the creation of a ‘Green Infrastructure Suitability Map’, developed as a tool for planning to mitigate the effects of increased severe urban flood events due to climate change and insufficient extant conventional drainage systems, with land take and soil sealing noted factors in the built environment. As a way to assess territorial characteristics such as evapotranspiration, flow control, filtration, infiltration, and retention. GIS was used to map existing green spaces and highlight those areas most amenable to improvement and efficacy in relation to areas of heightened flood risk. The tool provides a focussed approach to planning or improvements in urban flood risk management, which could be used in conjunction with ecology-based tools and provision to maximise the benefits of green infrastructure within specific areas.

Another model enables extrapolation of the relationships between GIS based metrics and subjective perceptions of naturalness and spaciousness, or unfragmented areas, amongst others (Stessens et al. 2020). Furthering the understanding of people’s experience with urban green spaces, the model attempts to provide a merger between biological values and physical attributes of green space, and human perception of quality, enabling green space development and improvement through the potential to assess their impact on perceived quality. Through a literature review and questionnaire, the study uses qualities and sub-qualities in a weighted linear modelling approach. Although not all encompassing, with community and social diversity aspects not contained and further development of sub-qualities possible, the model offers an insight and tool for management of green spaces from which to approach public perception in delivery of green space provision.

Through the use of Wi-Fi location analysis from users’ mobile telephones in Yanfu Greenland Park, Shanghai, spatio-temporal distribution data was produced and analysed, providing an insight into areas most frequented by park users and trajectory of movement. However, despite interesting results and excellent potential of this tool to enable improved management or redevelopment of urban parks and other sites, only around 18% of park users were deemed to be represented within the data, for many reasons including permission and use of a mobile telephone at all and whilst performing activities. With privacy issues highly considered during the research in terms of maintaining anonymity of user details, increasing user involvement at this scale and across larger areas for proximity and access studies is seen to continue to be problematic (Hu et al. 2020).

A further study measuring the usefulness of social media, sports tracking, mobile phone operator and public participation geographic information systems to provide usage data as a management tool in Helsinki, Finland, found that all methods have limitations and benefits, leading to a suggested mixed method data set of both new and traditional methods to provide the most suitable data for overall management of green spaces going forward. All of the methods of user-generated data studied were analysed, with Sports tracking data and mobile phone data showing use on a fine temporal resolution at a range of times, including commuting, social media offering cost-effective view of leisure preferences and trends, with public participation geographic information systems able to be designed to give a fuller picture where gaps may exist. This combined approach offers an adaptable system, however, highlights advantages and disadvantages in numerous data collection techniques with limited streamlining or focusing of time or techniques, which should be determined by management goals or priorities (Heikinheimo et al. 2020).

A case study report on Faro parks, Southern Portugal with examples in Germany and Poland, considered low-budget and upcycling approaches to green space development. Resident and expert opinions were used, and results suggested that participatory planning and a more organic bottom-up approach resulted in a more usable and appreciated space, opposed to higher investment, top-down processes. Reuse of derelict space, ranging from a proposed petrol station site at 1.5 hectares, to a 323-hectare former airport developed through public consultation and involvement both provided valuable recreational space for residents. In contrast, expensive open spaces with grand plans, developed separately from potential regular users were considerably less successful (Herman, Sbarcea and Panagopoulos 2018).

Furthermore, a 36-item Neighbourhood Green Space Tool (NGST) method was developed for creating quality urban green space, with a moderate-good reliability rating through focus groups, piloting and surveys to bridge the gap between current measures used for creation of small, local green areas and larger places people travel to visit, in part, as an alternative to Green Flag assessments. Weightings for incivilities are highest, with recreational facilities seen as the least important factor with quality and nature ranked in between the two. Questionnaires and surveys by their nature provide subjective results and must be considered when assessing results. Also, the heavy weighting of uncivilities could be linked closely to the level of anti-social behaviour and vandalism present within the area and may carry much lower weighting in a sample audience in an area less impacted by these factors. This said, public perception and therefore subjectivity included is a key factor in most measurements of effectiveness and quality of green space, unless focussed specifically on biodiversity, cost or solely provision of open space (Gidlow, Ellis and Bostock 2012).

A study in Lublin, Poland proposes a method to aid decision-making processes in relation to green area management and manipulation for biodiversity. The tool was tested using small mammal community composition and abundance (i.e., parameters used to measure species-level biodiversity) with an assumption of being an accurate bioindicator for ecological quality. The Hellwig method was used to select the optimal variables. This method is seen as providing a simple and inexpensive way to quantitatively compare options for manipulating green areas and focus on biodiverse quality of urban green areas, in contrast to much of the literature available (Łopucki and Kiersztyn 2015). 

Most of the literature found focuses on green space creation as a whole was generally based on public perception as a determiner for public health benefit and quality, not necessarily on quality for wildlife. It is also worth noting that although numerous approaches exist for improving green spaces, there is little evidence, certainly within the UK, of any being widely accepted or utilised, or with any measurable success to date, with management techniques employed by council’s and landowners remaining broadly the same doe many years.
[bookmark: _Toc90847345]Chapter 3. Research Methodology
[bookmark: _Toc90847346]3.1 Objective 1
Assess the level of biodiversity and record floral and faunal species present at Vetch Field and selected local green space sites.

The Vetch Field site was chosen to act as the main target case study site of the research, with three other urban green space sites within Swansea selected for comparison and to potentially offer wildlife connectivity and an insight into what wildlife and habitat is present locally. Case studies are considered a key research method for urban design, planning and landscape architecture and have been advocated for decades. They have great potential to advance research, practice, and education in the field (Francis 2001) and (Loures et al. 2012). Initial assessment of the Vetch Field site was required to provide baseline data and evidence of what habitat, plants, and faunal inhabitants were present, to enable measurement of efficacy of developmental proposals, and comparison against selected chosen local sites respectively.

[bookmark: _Hlk83834953]A Phase 1 habitat survey was performed to provide an overview of the habitat provision already in existence based on the guidelines set out by the Joint Nature Conservation Committee (2016) in their Handbook for Phase 1 habitat survey. Each specific habitat type is assigned a code and allows for accurate labelling, mapping, and environmental auditing of a site using a widely, professionally accepted technique of surveying (Cherrill and McClean 1999). The resultant map created gives an easily accessible view of habitat types, whilst the employment of Natural England’s Biodiversity Metric, version 3.0 (Natural England 2021), a further advancement from the original DEFRA biodiversity metric piloted in 2012 and the beta test version 2.0 test version in 2019, enabled a quantitative measurement of current biodiversity. Biodiversity is a term used to describe the variety of all life on earth and although commonly used in the media, calculating biodiversity is a complex subject. Through the agency of this most recent metric, the biodiversity of Vetch Field was determined for use as a baseline measure of current biodiversity range.

With the sourcing of any existing wildlife or habitat survey data not proving possible for the Vetch Field site, a flora survey and two morning one-hour long visual surveys were carried out. The flora survey involved identifying trees, flowers and other plants present across the park and mapping their location. Detailing which species of flora are currently onsite provides an insight into what species are catered for in terms of food plants, nesting or roosting habitat and so on, along with giving a representation of how the site is managed and for what purpose. For instance, sward height at uniform length across a wide area can suggest management for recreation and ease rather than for wildlife, planting choices reflect consideration for aesthetic, commercial uses, or for biodiversity, and presence of non-native invasive species could be an indicator of lack of management, limited understanding of invasive species and their control or an indicator of a wider scale problem. The creation of the floral species list also provides another baseline from which to work from in improving the site for biodiversity and focal faunal species.

The two one-hour morning wildlife surveys were undertaken to establish what creatures utilised this urban green space at a time period of heightened activity, with early morning, in the hours after dawn and in the evening around dusk providing the two generally accepted peaks for bird activity. With a focus of this study being on human experiences with nature, the surveys concentrated on birds and flying invertebrates, as mentioned previously. Butterfly activity is most notable on warm, sunny days with little or no wind, due to being ectotherms, requiring warmer temperatures to fly and feed and low wind strength because of their weight, fragility, and flying ability. Therefore, the surveys were conducted on days forecast to provide these optimal conditions, giving the highest probability of observing all species that frequent the park and in greatest abundance and at 9am to balance maximum potential bird and invertebrate activity. Species quantity was noted, along with general areas of activity within the boundary of the site, to provide a full species list and determine which areas and habitats faunal activity was concentrated in.

In a similar way, during the two surveys and two further evening visits, human usage was also observed, to discern areas of most activity. This was carried out to identify key areas of opportunity for human-wildlife interaction, whether intentional, for example, sitting to watch birds on a feeder or unintentionally, whilst commuting via the park and noticing birdsong or buzzing of nectar feeding invertebrates.

Despite the unavailability of existing survey data, which would ideally have included historical data and all months of the year and the full spectrum of flora and fauna at Vetch Field, some local data was acquired through Aderyn, a Local Environmental Records Centres (LERC) Wales system, Wales’ Biodiversity Information & Reporting Database (Aderyn 2021). The data provided includes historical recordings of a range of taxonomic groups from specific one kilometre grid squares, in this case, the target site can be found in SS6592. With Vetch Field measuring approximately 1.59 hectares (0.0159km²), the grid square and its associated data includes a variety of habitat types including marine and coastal environments, which are less relevant to the habitat types, both present and realistically achievable on site. Therefore, marine, and coastal specialist species data has been removed. Further to this, further recordings have been removed, including predominantly nocturnal moth species due to limited potential non-specialist experiential contact and entries over twenty-five years old, to maintain relevance, with some material dating back to the nineteenth-century.

Provision of direct comparison of species presence comes from equivalent two one-hour morning surveys from selected sites across Swansea, detailed previously. St. James Gardens entire area was surveyed with an area of only 0.65 hectares. Whereas Rosehill Quarry Community Park and Clyne Gardens being of much greater size had locations of approximately the same proportions as Vetch Field selected to include a proportion of open grassland reflecting the makeup of Vetch Field. This approach provides the fairest comparison of the four city green spaces. Using this species survey data, it has been possible to identify species deficiencies at Vetch Field in relation to these other local sites. The Aderyn data has been utilised similarly, although representing variation in bird and invertebrate presence from the previous 25 years.

[bookmark: _Toc90847347]3.2 Objective 2
Identify appropriate focal species to attract practicably and sustainably, and related habitat to encourage, enhance or create with a species focus to develop suggestions for development or modification of management practices to improve biodiversity and experiential potential for local residents.

From primary quantitative survey data, the central goal of which, is to be accurate and reliable, direct and quantifiable (Goertzen 2017), direct comparisons were possible between recorded flora and fauna, enabling creation of graphical representations to further clarify where species population deficiencies or relative abundance were apparent. An overall species list was created to identify varieties of bird at each site for easy and accurate comparison, along with registering which were only present at which site, allowing for further consideration as to the reasons for this. Use of RSPB Garden Bird Survey data and Aderyn historical local species records also provided accurate and reliable data from which to gauge VF’s current habitat capacity and visually determine which species should and could be potentially using the site if improved or altered.

Through pie and bar charts, ranges and abundances of avian and lepidopteran species were represented to allow for analysis of flora, fauna, and habitat patterns seen from the variety of the four urban sites. This graphical show of results allowed for easier access to the statistics during and post research (Ashman and Patterson 2015). Understanding presence of food plants and associated habitat meant gaps in habitat provision could be observed and remedied in recommendations for which species to realistically focus on attracting from surrounding GS. In a similar regard, obtaining baseline data for objective one allowed for creation of an improved biodiversity plan also utilising the Biodiversity Metric.

Google My Maps was used to plot faunal activity at VF to aid understanding of current habitat use and to develop plans for future proposed provision. The mapping tool offers an easily accessible output enabling editing and visual representation from accurate and recent satellite imagery from Google Maps (Vandeviver 2014), with non-native species shown and habitat areas highlighted. The mapping platform was also used to show areas of antisocial behaviour, where human activity has a negative impact on the space. This unfortunate consequence of public access when analysed can be further understood and potentially reduced with appropriate management techniques.

With all forms of data necessary acquired and mapping and biodiversity tools in use, selection of suitable wildlife, locally present, to attract to VF through the creation and improvement of existing habitat was made using the developed Nature Metric. Covering a number of aspects related to human interaction and experience with wildlife, along with use of the British Trust for Ornithology’s red list (2015), the Metric offers an adaptable resource for focussing efforts of biodiverse improvements. Lists of birds, lepidoptera, and suitable tree species have been created and recommendation made for the development of the site. 

[bookmark: _Toc90847348]3.3 Objective 3
Produce an accessible and transferable model for enhancing and creating biodiverse native habitat connectivity with a case study of Vetch Field through a native, local species approach.

Based on the process used for this research, the model has been created to allow an easy-to-follow system of initial assessment and creation of a baseline, moving through a four-step main process of improving management of UGS for the benefit of wildlife, users, and stakeholders, with additional steps allowing for further development and management over time. 

Limitations of Method
The availability of relevant and reliable survey data specific to the chosen sites was one limitation, resulting in limited primary survey data being collected for this research. Positives of the need to newly survey, were the ability to focus on target taxonomic groups and full awareness of the reliability of the surveys, how they were conducted and by whom, within the chosen site boundary. Alternative data sources were found where landowners were unresponsive, to limit gaps and increase reliability, viability, and breadth of results, through publicly accessible online resources. This information was extremely useful and, particularly referring to the historical grid square recordings, has been adapted to provide a more focused data set for Vetch Field.

Seasonal constraints however, proved difficult to mitigate, with only late August and early September available for conducting surveys due to time constraints. Ideally the spring and summer, from March onwards, up to early August would have been chosen as these times of year coincide with most birdsong, increased activity, breeding and nesting, presence of most migrant species of birds (British Trust for Ornithology 2021), and peak abundance of active butterfly species (Dennis et al. 2017). The likelihood of suitable surveying weather conditions could also have provided scope for additional surveys. However, surveys undertaken were performed at the warmest and sunniest opportunities to limit negative factors of seasonality. A further limitation is the nature of UGS, with the broad nature of stakeholders adding to the complexity of uses and aims of any given GS, therefore adding to management considerations and suitability of habitat types for use of wildlife and stakeholders.

[bookmark: _Toc90847349]3.4 Selected Case Study Site Details
The target site of Vetch Field was chosen due to its proximity to Swansea City centre and location amongst a densely populated residential area, disconnected from other green space within its urban environment with the A4118 running through the city to the north and A4067 main coastal road to the south. As previously noted within the site overview, the contention over its evolution, purpose, and future management and development continues, providing an excellent opportunity to examine the potential of inner-city land to be developed in its capacity as a habitat for wildlife and as an easily accessible hub for community engagement and interaction with nature. Unfortunately, with planning permission granted for much of the site to be lost to further residential construction, this study may only provide an insight into what might have been but can also form part of the process for other sites to be retained, appreciated, and enhanced, in Swansea and beyond.

Vetch Field
Madoc Place, Swansea SA1 3RB (Wales, UK)
[bookmark: _Hlk86567387]Grid Reference: SS651927
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	Figure 2. Satellite view of Vetch Field target site (Google Maps 2021)
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[bookmark: _Hlk90657208]Figure 3. Satellite view of Vetch Field and surrounding urban setting in Swansea City Centre (Google Maps 2021)
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	Figure 4. Satellite image of Vetch Field location in South Wales (Google Maps 2021)



Vetch Field is located adjacent to Swansea City Centre within the area of Sandfields, directly north of Her Majesty’s Prison Swansea. The land, named after the legume, that once grew there, was owned by Swansea Gaslight Company in 1912 when it was leased to newly formed football team, Swansea Town, now Swansea City Association Football Club. The site was developed into a football ground, with floodlights and stands for supporters and was the home of the team’s rich and fascinating history for the next ninety-three years (Cowley 2012). Upon build completion of the new Liberty Stadium to the north-east of the city in 2005, Vetch Field was abandoned, and the stands were demolished in 2011, during which time plans to redevelop the site for housing were made by Swansea Council, although they were not progressed at the time. 

Swansea Council gave go ahead for a temporary repurposing of the site as a park and allotments, with the aid of local artist Owen Griffiths in the same year demolition began (Ashton 2015). Vetch Field in 2021 remains in its reimagined state, as public park, with benches, bins, play area, community orchard, and allotments. However, planning permission has now been granted for the delayed residential housing development, removing much of the open green space, although maintaining the community allotments at the southern end of the Vetch site.

In its current state, in terms of natural elements, within a densely populated urban environment, this isolated patch of green space is predominantly level, open grassland, with a small orchard, some native and non-native trees lining one boundary and the main entrance path, with a wildflower area on the previous site of the centre circle of the historically important football pitch.
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Figure 5. Map locations of all four surveyed sites across Swansea City and Swansea Bay area (Google Maps 2021)

Clyne Gardens
Mumbles Rd, Black Pill, Swansea SA3 5AS (Wales, UK)
Grid Reference: SS617905
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Figure 6. Satellite overview of Clyne Gardens in Black Pill area of Swansea (Google Maps 2021)
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Figure 7. Satellite view of Clyne Gardens location to the west of Swansea Beach (Google Maps 2021)

Found to the West of Swansea’s centre in the Blackpill area of the city, Clyne Gardens established by the Vivian family from 1860, accumulating much of their wealth from the copper smelting industry, integral to Swansea’s industrial heritage and contains a stunning array of native and exotic species, including National Collections, a Wellingtonia (Sequiodendron giganteum) and two Monterey Cypress (Cupressus macrocarpa) and an internationally important collection of rhododendrons (Swansea Council 2021a). The south facing gently sloping topography, accommodating soil and natural water course provides an ideal environment for the varied collections commissioned to be sourced and brought to Clyne Gardens by Admiral Algernon Walker-Heneage-Vivian.

Bought by Swansea Council in 1953 and opened to the public in 1954, the gardens, now with Green Flag status, offer interest and access to the public year-round (Botanics Swansea 2018). Architectural interest around the gardens includes the Italian and Japanese bridges, the Admiral’s Tower, and Joy Cottage among others and there are also toilet facilities, a café and numerous seating and picnic areas. There is a mix of open grassland, dense stands of rhododendron and formal and informal planting schemes.


Rosehill Quarry Community Park (Wales, UK)
Terrace Rd, Swansea SA1 6HU
Grid Reference: SS643941
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	Figure 8. Google satellite image of Rosehill Quarry Community Park (2021)
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	Figure 9. Urban setting of Rosehill Quarry Community Park (Google Maps 2021)



Situated on a steep hillside to the north of and overlooking Swansea City Centre, between the residential areas of Townhill, Uplands, and Mount Pleasant, Rosehill Quarry Community Park forms part of Swansea’s Hillside Wildlife Corridor, covering around twenty-seven hectares. Since its previous use as a limestone quarry as a source of building stone for local housing stock from the 1840s came to an end by the early 1900s, the area suffered various stages of neglect and misuse, including fly tipping and anti-social behaviour. However, since the 1980s Rosehill Quarry Community Group has seen the site improved for wildlife and local residents (Swansea Council 2021b).

Granted a Green Pennant Award and forming part of a Site of Importance for Nature Conservation (SINC), Rosehill Quarry is home to over thirty bird species, amphibians, and an array of invertebrates inclusive of the blue-tailed damselfly (Ischnura elegans), now the quarry’s symbol and contains mixed native woodland species throughout the park, along with a waterfall where the original quarry was positioned, a stream, dead hedges, and an open grassland area. The park is now home to a rich diversity of more than one-hundred plant varieties including royal fern (Osmunda regalis) (Green Map 2017). A BMX track, picnic areas, a Cretan labyrinth, and information signage is also present.


St. James Gardens
St James Crescent, Uplands, Swansea SA1 6DZ (Wales, UK)
Grid Reference: SS643930
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	Figure 10. St. James Gardens satellite image location (Google Maps 2021)
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	Figure 11. St. James Gardens and surrounding Uplands area of Swansea (Google Maps 2021)



Located in the Uplands area of Swansea close to the central area of the city, surrounded by substantial villas dating from the Victorian era, with a planting scheme also retaining a character of that time, St. James Garden is a small, well-preserved, formal urban park (Parks and Gardens 2021). Mature evergreen and deciduous trees line the periphery, interspersed with a mixed native and non-native understory and a more recent wildflower bed. Seating, bins, and pathways are provided for public access and use (Swansea Council 2021c). Clearly defined areas of open grass are centrally located, allowing for limited sunlight to enter between the mature borders.
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	Table 2. Vetch Field one hour survey results

	Vetch Field
	Count
	
	Count

	Birds
	
	
	

	Survey 1 (August)
	
	Survey 2 (September)
	

	Blackbird (Turdus merula)
	-
	Blackbird (Turdus merula)
	-

	Carrion Crow (Corvus corone)
	-
	Carrion Crow (Corvus corone)
	-

	Eurasian Blue Tit (Cyanistes caeruleus)
	-
	Eurasian Blue Tit (Cyanistes caeruleus)
	-

	Feral Pigeon (Columba livia)
	10
	Feral Pigeon (Columba livia)
	5

	Goldfinch (Carduelis carduelis)
	2
	Goldfinch (Carduelis carduelis)
	-

	Green Woodpecker (Picus viridis)
	-
	Green Woodpecker (Picus viridis)
	-

	House Sparrow (Passer domesticus)
	24
	House Sparrow (Passer domesticus)
	2

	Jackdaw (Corvus monedula)
	2
	Jackdaw (Corvus monedula)
	4

	Jay (Garrulus glandarius)
	-
	Jay (Garrulus glandarius)
	-

	Kestrel (Falco tinnunculus)
	-
	Kestrel (Falco tinnunculus)
	-

	Magpie (Pica pica)
	-
	Magpie (Pica pica)
	-

	Nuthatch (Sitta Europaea)
	-
	Nuthatch (Sitta Europaea)
	-

	Raven (Corvus corax)
	-
	Raven (Corvus corax)
	-

	Robin (Erithacus rubecula)
	-
	Robin (Erithacus rubecula)
	-

	Sparrowhawk (Accipiter nisus)
	1
	Sparrowhawk (Accipiter nisus)
	-

	Starling (Sturnus vulgaris)
	1
	Starling (Sturnus vulgaris)
	3

	Woodpigeon (Columba palumbus)
	4
	Woodpigeon (Columba palumbus)
	14

	Wren (Troglodytes troglodytes)
	-
	Wren (Troglodytes troglodytes)
	-



	Table 3. Vetch Field survey results continued, invertebrates

	Vetch Field
	
	
	

	Invertebrates
	
	
	

	Survey 1 (August)
	
	Survey 2 (September)
	

	Cinnabar Moth caterpillar (Tyria jacobaeae)
	1
	Cinnabar Moth caterpillar (Tyria jacobaeae)
	-

	Emperor Dragonfly (Anax imperator)
	-
	Emperor Dragonfly (Anax imperator)
	-

	European Hornet (Vespa crabro)
	-
	European Hornet (Vespa crabro)
	1

	Large White (Pieris brassicae)
	-
	Large White (Pieris brassicae)
	1

	Red Admiral (Vanessa atalanta)
	-
	Red Admiral (Vanessa atalanta)
	-

	Small Tortoiseshell (Aglais urticae)
	-
	Small Tortoiseshell (Aglais urticae)
	-

	Small White (Pieris rapae)
	4
	Small White (Pieris rapae)
	8

	Speckled Wood (Pararge aegeria)
	-
	Speckled Wood (Pararge aegeria)
	-








Table 4. Selected green space one hour survey results (Combined survey results rounded up to nearest whole unit)
	St. James Gardens
	Count
	Rosehill Quarry Community Park
	Count
	Clyne Gardens
	Count

	Birds
	
	
	
	
	

	[bookmark: _Hlk83998474]Blackbird (Turdus merula)
	-
	Blackbird (Turdus merula)
	2
	Blackbird (Turdus merula)
	3

	Carrion Crow (Corvus corone)
	-
	Carrion Crow (Corvus corone)
	2
	Carrion Crow (Corvus corone)
	6

	Eurasian Blue Tit (Cyanistes caeruleus)
	2
	Eurasian Blue Tit (Cyanistes caeruleus)
	1
	Eurasian Blue Tit (Cyanistes caeruleus)
	6

	Feral Pigeon (Columba livia)
	-
	Feral Pigeon (Columba livia)
	-
	Feral Pigeon (Columba livia)
	-

	Goldfinch (Carduelis carduelis)
	-
	Goldfinch (Carduelis carduelis)
	-
	Goldfinch (Carduelis carduelis)
	5

	Green Woodpecker (Picus viridis)
	-
	Green Woodpecker (Picus viridis)
	-
	Green Woodpecker (Picus viridis)
	1

	House Sparrow (Passer domesticus)
	-
	House Sparrow (Passer domesticus)
	-
	House Sparrow (Passer domesticus)
	-

	Jackdaw (Corvus monedula)
	4
	Jackdaw (Corvus monedula)
	3
	Jackdaw (Corvus monedula)
	5

	Jay (Garrulus glandarius)
	-
	Jay (Garrulus glandarius)
	-
	Jay (Garrulus glandarius)
	2

	Kestrel (Falco tinnunculus)
	1
	Kestrel (Falco tinnunculus)
	-
	Kestrel (Falco tinnunculus)
	-

	Magpie (Pica pica)
	-
	Magpie (Pica pica)
	4
	Magpie (Pica pica)
	4

	[bookmark: _Hlk83997707]Nuthatch (Sitta Europaea)
	1
	Nuthatch (Sitta Europaea)
	-
	Nuthatch (Sitta Europaea)
	2

	[bookmark: _Hlk83997730]Raven (Corvus corax)
	2
	Raven (Corvus corax)
	-
	Raven (Corvus corax)
	-

	Robin (Erithacus rubecula)
	2
	Robin (Erithacus rubecula)
	3
	Robin (Erithacus rubecula)
	4

	Sparrowhawk (Accipiter nisus)
	-
	Sparrowhawk (Accipiter nisus)
	-
	Sparrowhawk (Accipiter nisus)
	-

	Starling (Sturnus vulgaris)
	1
	Starling (Sturnus vulgaris)
	2
	Starling (Sturnus vulgaris)
	2

	Woodpigeon (Columba palumbus)
	4
	Woodpigeon (Columba palumbus)
	2
	Woodpigeon (Columba palumbus)
	5

	Wren (Troglodytes troglodytes)
	1
	Wren (Troglodytes troglodytes)
	1
	Wren (Troglodytes troglodytes)
	2



	Table 5. Selected green space survey results continued, invertebrates

	St. James Gardens
	Count
	Rosehill Quarry Community Park
	Count
	Clyne Gardens
	Count

	Invertebrates
	
	
	
	
	

	Cinnabar Moth caterpillar (Tyria jacobaeae)
	-
	Cinnabar Moth caterpillar (Tyria jacobaeae)
	-
	Cinnabar Moth caterpillar (Tyria jacobaeae)
	3

	Emperor Dragonfly (Anax imperator)
	-
	Emperor Dragonfly (Anax imperator)
	1
	Emperor Dragonfly (Anax imperator)
	-

	European Hornet (Vespa crabro)
	-
	European Hornet (Vespa crabro)
	-
	European Hornet (Vespa crabro)
	-

	Large White (Pieris brassicae)
	-
	Large White (Pieris brassicae)
	5
	Large White (Pieris brassicae)
	3

	Red Admiral (Vanessa atalanta)
	-
	Red Admiral (Vanessa atalanta)
	1
	Red Admiral (Vanessa atalanta)
	2

	Small Tortoiseshell (Aglais urticae)
	-
	Small Tortoiseshell (Aglais urticae)
	-
	Small Tortoiseshell (Aglais urticae)
	1

	Small White (Pieris rapae)
	5
	Small White (Pieris rapae)
	6
	Small White (Pieris rapae)
	8

	Speckled Wood (Pararge aegeria)
	6
	Speckled Wood (Pararge aegeria)
	8
	Speckled Wood (Pararge aegeria)
	5
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	Table 6. RSPB Garden Bird Survey (Swansea) (RSPB 2021)

	Birds
	Mean 2021
	Rank 2021
	% Gardens 2021
	
	Mean 2020
	Rank 2020
	% Gardens 2020
	
	% Change
	Rank Change
	% Garden Change

	House sparrow
	5.964
	1
	71.9
	 
	6.542
	1
	76.1
	 
	-8.8
	0
	-5.5

	Starling
	2.993
	2
	42.5
	 
	2.804
	3
	43.4
	 
	6.7
	1
	-2.0

	Blue tit
	2.675
	3
	68.6
	 
	3.089
	2
	78.2
	 
	-13.4
	-1
	-12.2

	Blackbird
	2.227
	4
	83.8
	 
	1.905
	4
	82.0
	 
	16.9
	0
	2.2

	Magpie
	1.716
	5
	71.0
	 
	1.712
	5
	69.8
	 
	0.2
	0
	1.7

	Robin
	1.622
	6
	86.5
	 
	1.497
	10
	87.0
	 
	8.3
	4
	-0.6

	Woodpigeon
	1.613
	7
	65.0
	 
	1.631
	6
	65.2
	 
	-1.1
	-1
	-0.3

	Jackdaw
	1.589
	8
	37.0
	 
	1.560
	7
	39.8
	 
	1.9
	-1
	-6.9

	Great tit
	1.269
	9
	45.3
	 
	1.470
	11
	51.2
	 
	-13.7
	2
	-11.7

	Goldfinch
	1.068
	10
	20.0
	 
	1.522
	9
	28.3
	 
	-29.9
	-1
	-29.2

	Long tailed tit
	1.023
	11
	22.5
	 
	1.523
	8
	32.5
	 
	-32.9
	-3
	-30.8

	Coal tit
	0.881
	12
	39.2
	 
	0.939
	14
	42.6
	 
	-6.2
	2
	-7.8

	Collared dove
	0.876
	13
	36.6
	 
	0.940
	13
	39.8
	 
	-6.9
	0
	-8.1

	Chaffinch
	0.826
	14
	27.4
	 
	1.041
	12
	35.9
	 
	-20.7
	-2
	-23.8

	Dunnock
	0.727
	15
	35.5
	 
	0.869
	15
	43.4
	 
	-16.3
	0
	-18.0

	Carrion crow
	0.668
	16
	22.4
	 
	0.707
	16
	24.8
	 
	-5.6
	0
	-9.4

	Feral pigeon
	0.467
	17
	12.0
	 
	0.663
	17
	16.8
	 
	-29.6
	0
	-28.5

	Wren
	0.305
	18
	24.4
	 
	0.387
	18
	30.6
	 
	-21.2
	0
	-20.1

	Song thrush
	0.221
	19
	17.4
	 
	0.238
	19
	17.8
	 
	-7.1
	0
	-1.7

	Greenfinch
	0.159
	20
	6.3
	 
	0.222
	20
	9.3
	 
	-28.2
	0
	-32.1



	[bookmark: _Hlk90648622]Table 7. Aderyn LERC Wales’ Biodiversity Information & Reporting Database results for 1km grid square SS6592 in location of Vetch Field. (Aderyn 2021)

	Aderyn Data (Birds)
	First Recorded
	Last Recorded

	Atlantic Canary (Serinus canaria)
	02/06/2014
	02/06/2014

	Black Redstart (Phoenicurus ochruros) 
	29/11/2010
	01/12/2014

	Black Swan (Cygnus atratus)
	01/09/2005
	30/09/2005

	Blackbird (Turdus merula) (Blackbird)
	12/04/2004
	07/05/2009

	Black-headed Gull (Chroicocephalus ridibundus) 
	10/12/2000
	14/12/2013

	Carrion Crow (Corvus corone)
	26/11/2007
	12/11/2015

	Chiffchaff (Phylloscopus collybita)
	26/11/2013
	26/11/2013

	Collared Dove (Streptopelia decaocto 
	01/01/1963
	07/05/2009

	Common Chaffinch (Fringilla coelebs) 
	12/04/2004
	12/04/2004

	Common Gull (Larus canus) 
	22/10/2001
	19/02/2008

	Cormorant (Phalacrocorax carbo) 
	22/10/2001
	03/11/2011

	Eurasian Blue Tit (Cyanistes caeruleus) 
	01/02/2007
	05/08/2009

	Eurasian Coot (Fulica atra) 
	06/11/2007
	06/11/2007

	Eurasian Magpie (Pica pica) 
	14/02/2003
	15/12/2015

	European Herring Gull (Larus argentatus) 
	10/12/2000
	31/12/2015

	Feral Pigeon (Columba livia) 
	10/12/2000
	19/12/2015

	Goldcrest (Regulus regulus)
	26/11/2013
	26/11/2013

	Goldfinch (Carduelis carduelis)
	03/02/2005
	03/02/2005

	Great Black-backed Gull (Larus marinus) 
	22/10/2001
	22/10/2001

	Greenfinch (Chloris chloris)
	12/04/2004
	12/04/2004

	Grey Wagtail (Motacilla cinerea)
	06/01/2002
	06/01/2002

	House Sparrow (Passer domesticus) 
	04/07/2002
	18/07/2015

	Jackdaw (Coloeus monedula)
	12/04/2004
	28/02/2016

	Lesser Black-backed Gull (Larus fuscus) 
	22/10/2001
	07/03/2015

	Linnet (Linaria cannabina) 
	12/04/2004
	12/04/2004

	Mallard (Anas platyrhynchos) 
	22/10/2001
	06/11/2007

	Meadow Pipit (Anthus pratensis)
	02/01/2004
	02/01/2004

	Mediterranean Gull (Ichthyaetus melanocephalus)
	16/01/2005
	16/01/2005

	Mute Swan (Cygnus olor)
	12/05/1985
	20/01/2007

	Pied Wagtail (Motacilla alba) 
	07/02/2003
	19/12/2015

	Robin (Erithacus rubecula)
	12/04/2004
	05/08/2009

	Rook (Corvus frugilegus)
	26/11/2007
	01/01/2012

	Sedge Warbler (Acrocephalus schoenobaenus)
	14/06/2010
	14/06/2010

	Siskin (Spinus spinus)
	12/01/2008
	12/01/2008

	Sparrowhawk (Accipiter nisus) 
	26/08/2006
	26/08/2006

	Starling (Sturnus vulgaris)
	10/10/1993
	19/12/2015

	Swift (Apus apus) 
	11/05/2001
	08/06/2015

	Woodpigeon (Columba palumbus)
	12/04/2004
	25/07/2019



	Table 8. Aderyn LERC Wales’ Biodiversity Information & Reporting Database results for 1km grid square SS6592 in location of Vetch Field continued, invertebrates. (Aderyn 2021)

	Aderyn Data (Invertebrates)
	First Recorded
	Last Recorded

	2-spot Ladybird (Adalia bipunctata)
	22/06/2010
	22/06/2010

	7-spot Ladybird (Coccinella septempunctata)
	13/07/2013
	09/04/2018

	10-spot Ladybird (Adalia decempunctata)
	22/06/2010
	22/06/2010

	Brimstone (Gonepteryx rhamni)
	30/04/1934
	11/03/2007

	Buff-tailed Bumblebee (Bombus terrestris)
	05/08/2009
	05/08/2009

	Cinnabar (Tyria jacobaeae) 
	06/07/2003
	06/07/2003

	Clouded Yellow (Colias croceus)
	01/01/1859
	10/09/2000

	Comma (Polygonia c-album)
	05/08/2002
	05/08/2002

	Common Blue (Polyommatus icarus)
	06/07/1997
	06/07/1997

	Egyptian Grasshopper (Anacridium aegyptium)
	10/05/2003
	10/05/2003

	Garden Chafer (Phyllopertha horticola)
	19/06/2004
	19/06/2004

	Girdled Snail (Hygromia cinctella)
	09/04/2018
	09/04/2018

	Green Immigrant Leaf Weevil (Polydrusus formosus) 
	24/05/2019
	25/05/2019

	Green-veined White (Pieris napi)
	06/08/1999
	06/08/1999

	Harlequin Ladybird (Harmonia axyridis)
	22/06/2010
	25/08/2013

	Holly Blue (Celastrina argiolus)
	29/04/1999
	11/05/2006

	Humming-bird Moth (Macroglossum stellatarum)
	12/08/2003
	01/07/2011

	Large Conehead (Ruspolia nitidula)
	03/01/2009
	06/01/2009

	Large White (Pieris brassicae)
	29/04/1999
	25/09/1999

	Meadow Brown (Maniola jurtina)
	06/07/1997
	06/08/1999

	Painted Lady (Vanessa cardui)
	13/09/2002
	29/08/2006

	Peacock (Aglais io)
	12/09/2002
	18/10/2006

	Red Admiral (Vanessa atalanta)
	01/01/1991
	04/11/2006

	Red-tailed Bumblebee (Bombus lapidarius) 
	05/08/2009
	05/08/2009

	Silver Y (Autographa gamma)
	01/01/1995
	12/08/2006

	Small Copper (Lycaena phlaeas)
	02/07/2019
	02/07/2019

	Small Tortoiseshell (Aglais urticae)
	09/02/1982
	07/03/2011

	Small White (Pieris rapae)
	03/08/1999
	18/08/2016

	Speckled Wood (Pararge aegeria)
	02/08/2006
	19/06/2014

	Swallowtail (Papilionidae)
	27/08/2005
	27/08/2005

	White Snail (Theba pisana)
	09/04/2018
	09/04/2018
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	Figure 12. Lepidoptera survey range and abundance comparison across all four sites
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	Figure 13. Larval food plants presence pie chart for Vetch Field


Recorded presence of larval food plant at Vetch Field for nineteen lepidoptera species either observed on one of the four sites or found within Aderyn data for the related grid square.
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	Figure 14. Larvae or adult lepidoptera at Vetch Field


Showing larvae or adult lepidoptera specimen presence of nineteen species found or previously recorded from acquired data at Vetch Field.
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	Figure 15. Avian species range and abundance across all four sites





	Table 9. Recorded species list of all four sites


	Species present
	
	Species unique to site during surveys
	
	Species absent during surveys
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	Figure 16. Presence of bird species during surveys from Aderyn grid square data at VF


Percentage of bird species recorded during Vetch Field surveys from list of species present in Aderyn data set within the last 25 years, with specialist sea birds removed for most appropriate results.



	Figure 17. Number of species present at all four surveyed sites from RSPB top 20 Garden Birds


Presence of species from Top-twenty list of most numerous garden birds from RSPB’s Big Garden Birdwatch 2021 (Table 6.).
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	Figure 18. Total number of native tree species within survey areas of all four sites



[bookmark: _Toc90847354]4.4 Biodiversity Metric Data

	Table 10. Biodiversity Metric 3.0 Auditing and accounting for biodiversity Calculation tool (Natural England 2021)

	Input data using Natural England’s Biodiversity Metric to create a baseline calculation of biodiversity habitat provision currently at Vetch Field.

	Habitats and areas
	Distinctiveness
	Condition 

	Broad habitat
	 Habitat type
	Area (hectares)
	Distinctiveness
	Score
	Condition 
	Score
	Total habitat units

	Grassland
	Modified grassland
	0.989
	Low
	2
	Fairly Poor
	1.5
	2.97

	Grassland
	Modified grassland
	0.047
	Low
	2
	Poor
	1
	0.09

	Grassland
	Traditional orchards
	0.041
	High
	6
	Fairly Poor
	1.5
	0.37

	Urban
	Allotments
	0.25
	Low
	2
	Moderate
	2
	1.00

	Grassland
	Tall herb communities
	0.069
	High
	6
	Fairly Good
	2.5
	1.04

	Urban
	Built linear features
	0.194
	V.Low
	0
	N/A - Other
	0
	0.00

	[bookmark: _Hlk90412702]Urban
	Urban Tree
	0.086
	Medium
	4
	Moderate
	2
	[bookmark: _Hlk90412688]0.69

	
	
	
	
	
	
	
	Total
6.16
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	Figure 19. Vetch Field Phase 1 habitat survey


Current habitat and land use map based on JNCC Handbook for Phase 1 habitat survey (2016), produced using Google My Maps (2021).
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	Figure 20. VF bird species activity map

	[bookmark: _Hlk90654880]Surveyed avian activity map of VF representing specific locations of bird species recorded.
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	Figure 21. VF lepidoptera species activity map

	Surveyed lepidopteran activity map of VF representing specific locations of bird species recorded.
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	Figure 22. VF antisocial behaviour map – Fly tipping, graffiti, littering
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	Figure 23. Invasive non-native species map





















[bookmark: _Toc90847356]Chapter 5. Analysis and Discussion

[bookmark: _Toc90847357]5.1 Objective 1 and 2
The Vetch Field site was selected as a focal site for case study, in part, due to its perceived isolation from other green space sites within a densely populated urban setting, thus offering representative results from data collection hypothesised to correlate with other similarly isolated urban sites and differ negatively in biodiversity terms in comparison to more connected urban and semi-urban green spaces. In many cases urban green spaces provide only limited biodiversity benefits, often due to urban environmental management practices. However, more research is necessary in both, habitat feature advantages for biodiversity specifically in an urban environment and in management techniques themselves (Lepczyk et al. 2017b).

[bookmark: _Toc90847358]5.1.1 Habitat
Figure 19 contains the mapped findings of the phase one habitat survey conducted to help analyse the current standard of VF, to establish baseline data, enabling accurate projections and appropriate suggestions for its improvement for nature and its users. The biodiversity data collected through phase 1 habitat survey of Vetch Field’s 1.59 hectares inputted into the Biodiversity Metric 3.0 Auditing and Accounting for Biodiversity Calculation Tool gives an ecological baseline in term of habitat units for present biodiversity, derived from calculated values per individual habitat type, condition, and scale. Species poor, open, short-cut grassland dominates the majority of VF, reflecting the management style all too familiar in urban green spaces through South Wales and the UK. With its extremely low habitat biodiversity provision rating of 1.5, only under scored by the modified grass in the children's play area, ease and economy of maintenance have been prioritised and in terms of habitat potential, a large area can be considered significantly underutilised. The open green space does of course have use for recreational activities, including sport, picnics, and other public function, however, enhancing species richness and implementing sward height variation in selected areas would not detract from these public uses.

Shown in yellow in Figure 19, the old site of Swansea City Footballs Club’s centre circle, now a wildflower circle, is a highlight of the current park, offering an isolated haven for a range of invertebrates. The orchard area also provides some useful habitat, along with the allotment area, which provides a community hub and associated mixed appeal to some wildlife. The overall total habitat unit score in its present condition is approximately 6.16, however, this can only be seen as an estimate, as the Biodiversity Metric does not align exactly with phase one habitat types. Moreover, biodiversity is a very complex subject to accurately measure and the metric provides a useful gauge, rather than an exact calculation. Figure 23 shows the areas of the INNS buddleia, which could be counted as a negative score in the Metric, due to its nature of outcompeting native species and should be managed as such.

[bookmark: _Toc90847359]5.1.2 Floral Analysis
In terms of native tree species, Vetch Field had both, the lowest abundance and variety of species in comparison to all other surveyed sites, which is visibly evident onsite with minimal tree cover, along with between little and no understory growth. The lack of tree cover is in part, due to limited time since planting for maturation of trees relative to all other surveyed sites, although predominantly due to quantity, selection of trees planted, and management of surrounding grassland.
Trees

VF is severely lacking, is in both the number of trees present (Figure 18) and native species. With only three native tree species within its boundary, all other representative areas surveyed had at least double that tally. This tree data does not take into account shrubs and lower-level plants, as it is used as a representation only and further in-depth data shows an even more distinct pattern, with understory, as previously noted, not in the makeup of the VF site, through its current management. The limited tree cover can be seen in Figure 19, with their uniform distribution clearly visible.

The majority of empirical studies into biodiversity-ecosystem functioning relationships have been based on fast-growing grassland model systems due to the ease of manipulation and reduced time scales of research relative to woody systems, which studies have generally avoided despite their ecological and socioeconomical importance. Most herbaceous research cases showed positive relationships between plant diversity and average biomass production, along with effects on nutrient retention and trophic interactions (Scherer-Lorenzen et al 2007). It is considered that Janzen–Connell effect may benefit mixed seedling plantations as opposed to pure stands, although in the case of Vetch Field, aspects such as biodiversity, habitat creation, and long-term ecological benefits of tree diversity for ecosystem functioning appear a lesser priority in comparison to ease of management and initial aesthetic value. This is particularly evident in the limited variation of tree species, planting in uniform rows by species, and the notable inclusion of the non-native Italian alder (Alnus cordata) along the main entrance pathway. Despite its suitability to the free draining, dry, shallow soil at this location in contrast to the native black alder (Alnus glutinosa), more accommodating of waterlogged soils and mature specimens capable of achieving nearly twice the height of its Mediterranean relative, its selection over another native variety appears surprising given the less abundant presence of native whitebeam (Sorbus aria) and cherry (Prunus avium).

A study quantifying the contributions of native and non-native trees to a city’s biodiversity and ecosystem services in Geneva, Switzerland by Schlaepfer et al (2020) concluded that non-native species should be included in conservation assessments and strategic planning for intrinsic reasons and for contributions to human well-being. The reasoning behind this was based on the quantification of five regulating ecosystem services including micro-particle capture, carbon sequestration, water interception, microclimatic cooling, and support for pollinators, and three cultural ecosystem services of natural heritage, recreational, and aesthetic value. Findings suggested that native and non-native trees provided approximately identical regulatory ecosystem services on an individual tree basis rather than full population and found that non-native trees contributed more to cultural ecosystem services than native trees, again on a per tree basis, other than in terms of natural heritage. The research emphasised 79% of trees identified as “remarkable” were non-native, potentially due to their novelty value. However, biodiversity in terms of the variety of the tree species themselves is prioritised over the abundance of biodiversity supported by those tree species. The importance of which can be seen in the comparison between the capacity of UK keystone species such as sessile (Quercus petraea) and English (Quercus robur) oak, supporting over 2300 other species, of which 326 were deemed obligate (Mitchell et al 2019 ) and that of the non-native invasive Rhododendron ponticum (Pontica rhododendron) providing a hostile environment to most native invertebrates and other organisms and exudes toxic polyphenols that reduce nutrient availability for native species and have been shown to have negative biotic and abiotic legacy impacts spanning decades even after successful eradication (Maclean et al 2018).

Although not all non-native plants are seen as invasive, their ability to outcompete or aid the introduction of pests harmful to native species cannot be overlooked and with the prospect of climate change altering habitat suitability and species distribution, ongoing study is necessary to understand the implications of these changing environments and mitigate for biodiversity loss. Even on the small scale of an urban green space such as Vetch Field, species selection and creation of a resilient ecosystem should be considered at the planning stage. However, given the probable temporary designation of the site as a community green space to give way to further residential development, it is unsurprising that limited consideration of habitat creation may have been implemented at its conception.

The botanical survey of Vetch Field revealed that approximately 62% of the total land area was modified grassland with low biodiversity value, mainly consisting of one single grass type, red (Trifolium pratense) and white clover (Trifolium repens), and common dandelion (Taraxacum officcinale). This composition, along with short, uniform sward height reflects traditional management of many amenity green space sites, focussed on ease and economy over environmental purpose despite research on reduced mowing intensity showing significant increase in abundance of flowers and flower-visiting insects (Garbuzov, Fensome, and Ratnieks 2015). The same research noted public opinion via a questionnaire, that 97% of park visitors favoured encouraging insect presence and wildflower growth through this management approach.

Other areas of the focal site, however, did provide more biodiverse habitat. The circular wildflower area contained an abundance of flowering native plants, attracting the highest density of pollinator activity onsite, with an array of bee and hoverfly species recorded, along with several butterfly varieties. Another notable attractor to invertebrates was the orchard area where sward length was allowed to grow, seeing the establishment of larval food plants for Lepidoptera. However, the potential perception of unkempt longer vegetation being less obviously managed or purposeful seemed to attract increased littering and dog fouling. This theme was echoed throughout the borders of the site, particularly near parking areas and where rubble waste deposits were seen, attracting general littering and substantial fly tipping at the north end of the site, although there seems to be little research into the factors of perceived neatness or formality in relation to littering and antisocial behaviours.

A further pollinator attractor recorded in profusion around the periphery of the park was the non-native invasive Butterfly Bush (Buddleja davidii), a popular garden plant, due in no small part to its allure to the invertebrates it derives its common name from. Despite its aesthetic appeal and value as a food source for invertebrates, the plant grows quickly and outcompetes native flowering plants and is particularly abundant along Britain’s railway network and has been shown to grow more vigorously away from its native ranges (Ebeling, Hensen, and Auge 2008). However, being the only non-native invasive plant recorded at Vetch Field and significantly less financially demanding to eradicate in comparison to the presence of Japanese Knotweed (Fallopia japonica), Rhododendron ponticum (Pontica rhododendron), and Himalayan balsam (Impatiens glandulifera) found at several other surveyed sites, the previous management and use of Vetch Field, along with geographical position and absence of natural riparian features do offer a positive stemming from its isolated and non-horticulturally elaborate background.

[bookmark: _Toc90847360]5.1.3 Faunal Analysis
Despite Vetch Field’s perceived isolation from natural habitats through a lack of wildlife corridors or natural connectivity, the resident population of fauna cannot be seen as a closed one, particularly given the selected wildlife subjects of the performed surveys. Indeed, the decision to focus on winged invertebrates and avian inhabitants was taken in no small part due to the ability of individuals and populations to migrate and translocate between surveyed sites and surrounding areas. Through both wildlife and habitat surveys, although physically accessible to an abundance of locally recorded fauna, many species avoid or are unaware of Vetch Field. This could be for many reasons, particularly the lack of food sources, cover, nesting sites, connected habitat, proximity to busy roads, and human population, however, the latter two appear to have limited or no impact on many of the bird and invertebrate species found across the other sample sites throughout Swansea.

The primary survey results from the two one-hour surveys conducted at peak times of wildlife activity at Vetch Field (Tables 2 and 3), and at St. James Gardens, Rosehill Quarry, and Clyne Gardens (Table 4 and 5), show presence and absence of the full range of birds found across all sites. Both VF surveys, as the main target site are shown in full, where the other site survey data is shown as an average figure over both hour-long surveys for each, with averages rounded up to a full bird or invertebrate number for clarity of representation. Full bird counts are shown along with lepidoptera counts, being the two targeted taxa for this study. Selected other invertebrates are noted, however, all invertebrates seen are not recorded due to higher level of expertise required in their accurate identification and non-target focus for this research, with concentration on highest potential level of human experiential offering of birds and highly visible, daylight-active lepidoptera.

RSPB Garden Bird Survey data was selected (Table 6) for its wide-ranging citizen science involvement and will be discussed further due to its relevance specific to VF’s location, surrounded by residential gardens. The available data contained many more bird species, however, the top twenty included, represent the most abundant and widespread, therefore allowing for the broadest generalisability of results and eventual scope of the proposed method and model explored later on.

The Aderyn data in Table 7 is more focussed on VF and its immediate locality, offering verified bird and invertebrate recordings dating back to the selected relevant range of the previous twenty-five years. Actual available data from over one-hundred years of recordings exists, although due to changes in recording, climate, and environment, only more recent data has been included for accuracy and most realistic species types still in existent in the area.

In terms of bird range and abundance findings appear mixed, with Vetch Field recording the lowest range of species, yet the second greatest abundance only to Clyne Gardens. On face value this could be easily misinterpreted, however, inspecting the recorded species tally, and heat map more closely, reveals a more accurate picture of the results. The first survey at Vetch Field saw a large quantity of house sparrow (Passer domesticus), shown by the heat map (Figure 20) to be focussed exclusively in the north-west corner of the site. The second survey of the same site recorded a far reduced number of specimens, falling from twenty to just two. This anomaly can be explained by the presence of bird feeders found in one tree in this corner of the park, recently filled with peanuts prior to survey one, being utilised by a small flock of house sparrow, whilst found to be empty during survey two and therefore devoid of house sparrow activity entirely.

In terms of bird species range (Figure 15) at VF in comparison to the other green spaces, all others offer a greater number of species. Prevalence of house sparrow and feral pigeon, the latter of which were possibly attracted by litter, food, and fallen nuts from the bird feeder, slightly distort the visual representation of the graph, however, Table 9 more accurately represents the broader habitat offered at all three other sites. An increased species richness highlights a better structured and healthier natural system and in turn increased potential for human-nature interaction, particularly with the more visually and audibly striking species.

Despite VF’s lack of avian species habitat and subsequent lack of appeal, there are interesting opportunities reflected in results in Table 9. VF has more species unique during surveys than any other site. This suggests its location, rather than purely habitat provision needs to be considered. Although not generally considered a welcome inhabitant, the feral pigeon population recorded offers some diversity and the house sparrow presence is certainly positive and a result of VF’s more urban location. A red list species, whose numbers have dropped significantly in recent years, house sparrows using VF, even if only to feed at artificial birdfeeders, indicates a propensity towards movement from other local habitats of residential gardens, when offered enticement. Increased provision of food plants and suitable nesting sites for the house sparrow population could be seen as a real positive VF can offer to a struggling species. Their active nature and massed numbers are also perhaps the attractor for the other unique species recorded, the sparrowhawk. An incredibly interesting sight and possible first for many inexperienced in bird watching. Its presence offers a real opportunity for park users to observe something new and fascinating. With birds utilising areas of VF for varying reasons, perhaps opportunistic in nature, there is the possibility that further species can be drawn in and in turn draw in others.

Also lacking in presence of garden birds found in Figure 17 from RSPB Big Garden Birdwatch data, compared to all but St. James Gardens, despite its unique location, means that VF is still clearly missing out on potential inhabitants through lack of suitable habitat. Similarly, Figure 16 shows only 22% of birds found within VF’s one kilometre squared locality were recorded during surveys, again highlighting birds avoiding the park or having no cause to visit.

During VF wildlife surveys, approximate location of sightings were mapped and through the use of Google My Maps, have been plotted on satellite imagery to give visual bird and lepidoptera distribution and activity in Figures 20 and 21 respectively. Most bird activity can be seen in three distinct areas, the western end of the site where house sparrow and feral pigeons were seen using the feeder and eating fallen and dispersed food from human park users, wood pigeons foraging near the eastern orchard area and jackdaws and starlings using the limited tree cover. Most of the grassland areas are seen to be devoid of bird activity, with little or no protection or natural feeding opportunities. Lepidopteran activity is even more contained to specific areas, all based at the main nectar source of the wildflower circle, with the exception of the cinnabar moth caterpillar, found on its food plant, ragwort (Jacobaea vulgaris) at the south-eastern end, where longer grasses in the orchard have provided suitable but limited habitat.

Butterfly and moth species range and abundance are shown in Figure 12, with VF only having small and large white butterflies recorded and no adult moths seen, only a single cinnabar moth caterpillar. With only St. James Gardens having such a low species count, the greater numbers observed there point to increased capacity, mainly due to a well-developed understory of vegetation on site. This could be considered a surprising result given the shaded nature of St. James Gardens due to prevalence of tall, mature tree specimens not necessarily as appealing to the named butterfly species as VF’s open space. However, the limited nectar offering at VF, confined to the circular wildflower area and invasive buddleia seems to limit the appeal even in comparison to St. James Garden’s high level of shade.

Rosehill Quarry and Clyne Gardens both recorded additional species, including red admiral and speckled wood, and overall higher numbers of butterflies, although no daytime flying moths were recorded despite three cinnabar moth caterpillars seen at Clyne Gardens. A lack of suitable habitat and larval food plants of common nettle (Urtica doica) for red admirals and any of cock's foot (Dactylis glomerata), common Couch (Elytrigia repens), false brome (Brachypodium sylvaticum), or Yorkshire fog (Holcus lanatus) for speckled wood are obvious factors in their absence at VF. This theme is further developed in Figure 13 with the preferred larval food plants of only 32% of nineteen lepidoptera species recorded on any surveyed site or included in local data, found at VF. It comes as no surprise then in Figure 14 that 84% of species found locally were absent from VF. However, due to time constraints of surveys, this result may be negatively skewed, as not all species are fully active in August and September, although with the lack of larval food sources, the trend can be seen as adequately representative.

With their bright colours, and fascinating behavioural displays in caterpillar and adult forms, along with incredible chrysalis forms mid-metamorphosis, lepidoptera have potential to offer interest and inspiration to people of all ages. Moth trapping with permission and supervision can add survey data and give another option for engagement but also the mere sight of such delicate, beautifully patterned creatures on a commute, picnic or any visit outdoors can invoke a positive feeling or response. Increased habitat and attraction of an area to these creatures could benefit population numbers, increase strength of local ecosystems, and provide this opportunity of engagement and joy for local people. Where there is less colour and less life, there is less chance for positive experience.

[bookmark: _Toc90847361]5.1.4 Antisocial Behaviour
Signs of antisocial behaviour at VF take the form of general littering, shown in orange in Figure 22, spread across the site, graffiti on walls, floors, and benches, marked in purple, and a disturbing amount of fly-tipped waste, mainly black bin bags of unidentified nature and alcoholic drinks cans near the northern entrance on Madoc Street. Despite the presence of bins and gated entrances to some of the publicly accessible site, it is not fully enclosed or secured, leaving access at all hours. Antisocial behaviour has been linked to avoidance of use of green spaces and an association with area neither being safe nor worthy of visiting. Reduction in these antisocial behaviours could increase positive footfall and use of the park and increase care and future considerate use. A suggestion would be to establish clear areas of management, with purpose and borders, providing an increased perception of specific use and care, with suitable signs and information panels, particularly in areas where longer grasses are left for species richness, which may not appear neat or maintained, yet offer vital biodiverse habitat.

[bookmark: _Toc90847362]5.1.5 Species and Habitat Selection
Drawn from baseline data and analysis of fauna and flora within local green space sites across Swansea, habitat, and species recommendations for focus of enhancement efforts at VF have been developed. A target species approach rather than a whole ecological community proposition is useful for the translation of ecological theory into applied design solutions, and allows broader participatory input from stakeholders, developing a sense of ownership and improved monitoring ability of developmental success (Apfelbeck et al. 2019).

Through use of the developed metric (Tables 11, 12, and 13) which enables prioritisation of species through a flexible rating system, bird and lepidoptera species have been selected, along with tree species, taking into account a range of potential benefits to human interactions and to the local ecosystem. In formulating priority species, the habitat recommendations depicted in Figures 25 and 26 and input into the Biodiversity Metric in Table 14 are directly related to requirements of chosen fauna. Changes in management to involve increased understanding and development of techniques for grassland and its biodiverse potential are suggested for VF and the majority of urban green spaces under similar management in the UK (Ignatieva et al. 2020). Overall, improvements of current habitat and development of new habitat types are viewed as vitally important for VF, if the Biodiversity Metric total is to be reached and even surpassed. Creation of new habitat types not yet present on site will undoubtedly increase biodiversity, without necessarily adding to the cost of management, just a change in its application and focus.

All of the top five selected focal bird species (starling, mistle thrush, song thrush, robin, and wren) have high ratings for song and aesthetic, offering both visual and audible potential for human experience if successfully attracted to VF, along with being native and with year-round populations for adding opportunity to be seen and heard. Similarly, the butterfly species with the highest focal ranking (Red Admiral and Peacock), are known for their bright and distinctive colouration and are native, with relatively long active seasons, providing enhanced chance of appreciation. The advantage of native species includes knowledge of the species habits, interaction, and function within the local ecosystem and climate, along with perceived ease of access to abundant supplies in terms of seeds and stock for plants and accessibility for local wildlife capable of relocating to the target site on their own.

[bookmark: _Toc90847363]5.2 Objective 3
The metric, model, and recommendations of the formulated approach to green space enhancement build on researched methods and use specific and relevant data to provide a tool for a broad user base for green space improvement. Flexible to have priority input by all stakeholders, adaptable to use on any scale of urban site, whether existing or to be newly created, the importance of working from baseline to realistic attainment of habitat development and species attraction must be stressed. One of the key positives of this proposed method is its adaptable nature and it aims to help provide management focus where sometimes one is either not present or differs from a sustainable one (Fongar et al. 2019).  Developed in the UK, there are varied approaches to green space management across the world and a greater understanding of the benefits of alternate approaches may help with the use of this or any other model or method in the future (Darkhani, Tahir, and Ibrahim 2019).

The example worked through is one of a human experiential output and understanding of ecosystem services (Niemelä et al. 2010), in a symbiotic approach, where nature and human benefit of urban green space is improved through quality of habitat provision with a species focussed approach. As with VF, in its central location within Swansea, amongst a dense urban environment, similar sites that would benefit most from the model are those centrally located where benefit is most strongly felt by residents and isolated natural ecosystems (Change et al. 2017) Were biodiversity to be the sole aim, the model and metric are flexible to aid that approach, similarly, were the target audience to change or a distinctive species the priority, the ranking system could be altered to achieve these goals.

[bookmark: _Toc90847364]Chapter 6. Recommendations and Conclusion

[bookmark: _Toc90847365]6.1 Conceptual framework

Step One (Initial Target Site Assessment)
Obtain existing data or survey wildlife and habitat at specific ‘target site’, whether for development, improvement or change of management strategy, if practicable. For sites developed from scratch, where no data exists and cannot be gathered, move straight to Step Two.

Notes:
Where an existing site is present, suitably detailed survey data could be collected from previous or current owners if such monitoring has been collected, or potentially from alternative stakeholders or sources such as conservation charities or citizen science projects. However, where data is insufficient or not specific to the target site, as with the Vetch Field example below, primary data can be collected, ideally over the course of twelve months or more to gain a thorough understanding and observe the broadest spectrum of species on or using the site and the purpose and duration of that use, whether feeding, nesting, migrating in terms of fauna or flora observably present seasonally.

In some cases, where a specific target site does not yet exist, for example, on a new housing development on a brown field site with little or no natural features present, very limited existing species or habitat data may be available. In this instance, Step Two will provide the most useful starting point, to establish what species are already established locally and will therefore prove to be the most likely and logical first inhabitants of suitable created habitat.
Example: Chapter 4.1 Primary Survey Data Tables 2 and 3, and Figure 19 Phase 1 Habitat Survey Map

Step Two (Locality Assessment)
Collect wildlife and habitat data from existing green spaces within the same city setting or most suitable and relevant urban sites, with a suggestion of a five-mile radius of target site for large cities, from reliable secondary sources or perform appropriate surveys.

Notes:
Appropriate survey data for a selection of sites, focussed on those within the locality of the target site, with particular focus on species with realistic potential access to the target site. For example, birds, bats, and butterflies will generally be considered to still be able to travel to and inhabit a site that is not fully connected by wildlife corridors, such as inner-city green space, whereas larger mammals like badgers and native deer species would be unlikely to access a site isolated by urban development. Other species would need consideration on a case-by-case basis regarding the necessary habitat connectivity needs.

The use of the same or similar data sources to those obtained in Step One is advised if available for consistency and ease of comparison, with historical and year-round records providing the most inclusive and therefore beneficial data for what is present in the area and allowing the widest scope for planning and development.  Where primary sourced data is required, receipt of necessary permissions from landowners should be secured, along with suitably qualified and experienced staff or volunteers undertaking the surveys.
Example: Tables 4, 5, 6, 7, and 8

Step Three (Nature Metric)
Use the Experiential Nature Metric (Table 11) for gathered flora and fauna data to generate prioritised species focus lists for target site.

Notes:
The Metric is provided as a flexible guide to determining the positive impact of each species through an adjustable scale or ranking system to enable the proposer or developer to provide the most suitable outcome for the end user. Additional criteria are to be added where adjudged fit and weighting of each criterion can be specified and employed to select target species offering the characteristics most beneficial to the end goal. The example below is from the worked version for Vetch Field, based on proposed user experiential ratings.
Example: Experiential Nature Metric Table 11

Step Four (Focal Species Development Plan)

From focus species list, assess habitat requirements of priority species and develop site plan accordingly.

Notes:
Once focal species of flora and fauna are selected, specific habitat types necessary for them to thrive will need to be considered. Not all habitat types can realistically be created given restrictions of time, function, space, soil, cost and so on, therefore, in some circumstances the species rating highest on the Metric may not be attractable to the site. In this case, the ability to draw multiple slightly lower ranking species could prove positive, particularly if several desirable species share similar needs, such as diet and food plants, or nesting habits.
Example: Figures 25 and 26
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[bookmark: _Toc90847366]6.2 Vetch Field Case Study Recommendations
The initial and most significant recommendation for Vetch Field is to preserve its status as a publicly accessible urban green space, preventing the planned residential development. This underutilised island of green space surrounded by a dense urban cityscape offers far greater potential from its location for its ecosystem services, benefits to humans and wildlife as an improved version of its current state, than as a reduced or removed area giving way to even further housing development.

Planning proposals suggest some of the site will retain greenery, although as research has shown, size of green space can strongly dictate capacity for biodiversity, with reduction in size further reducing the already low habitat offering at Vetch Field (La Sorte et al. 2020). If retained at its current scale, improving the habitat types present is one positive option, however, further biodiversity gains with almost immediate impact can be achieved through diversifying the range of habitat, as depicted in Fig. 25 and 26.















	Table 11. Nature Metric Case Study Data (Birds)

	Nature Metric
	
	
	
	
	
	
	

	Worked Experiential Example
	
	
	
	
	
	
	

	Fauna
	
	
	
	
	
	
	

	Birds
	Song
	Colour/Aesthetic
	Red List
	Behavioural
	Sound
	
	Total

	Score
	3
	3
	2
	1
	1
	
	10

	
	
	
	
	
	
	
	

	[bookmark: _Hlk90842508]Starling
	3
	1
	2
	1
	1
	
	8

	Mistle Thrush
	3
	1
	2
	1
	1
	
	8

	Song Thrush
	3
	1
	2
	1
	1
	
	8

	Robin
	3
	2
	0
	1
	1
	
	7

	Wren
	3
	2
	0
	1
	1
	
	7

	Blackbird
	3
	1
	0
	1
	1
	
	6

	Goldfinch
	2
	2
	0
	1
	1
	
	6

	Fieldfare
	1
	1
	2
	1
	1
	
	6

	Nuthatch
	1
	2
	0
	1
	1
	
	5

	House Sparrow
	0
	1
	2
	1
	1
	
	5



	Table 12. Nature Metric Case Study Data (Lepidoptera)

	Lepidoptera
	Colour/Aesthetic
	Seasonal Duration
	Rarity
	Caterpillar Aesthetic
	
	Total

	Score
	4
	3
	2
	1
	
	10

	
	
	
	
	
	
	

	Red Admiral
	4
	3
	1
	1
	
	9

	Peacock
	4
	3
	1
	1
	
	9

	Painted Lady
	4
	2
	1
	1
	
	8

	Comma
	3
	3
	1
	1
	
	8

	Brimstone
	4
	3
	1
	0
	
	8

	Small Tortoiseshell
	3
	3
	1
	1
	
	8

	Clouded Yellow
	4
	2
	1
	0
	
	7

	Cinnabar
	3
	2
	1
	1
	
	7

	Holly Blue
	3
	2
	1
	0
	
	6

	Small Copper
	3
	2
	1
	0
	
	6











	Table 13. Nature Metric Case Study Data (Trees)

	Flora
	
	
	
	
	
	
	

	Trees
	Habitat/Food (Wildlife)
	Colour/Aesthetic
	Management Opportunity
	Scent
	Edible (Humans)
	
	Total

	Score
	4
	2
	2
	1
	1
	
	10

	
	
	
	
	
	
	
	

	Blackthorn
	3
	1
	2
	0
	1
	
	7

	Apple Tree
	3
	0
	1
	1
	1
	
	6

	English Oak
	4
	2
	0
	0
	0
	
	6

	Hazel
	3
	0
	2
	0
	1
	
	6

	Sessile Oak
	4
	2
	0
	0
	0
	
	6

	Common Beech
	3
	2
	0
	0
	0
	
	5

	Elder
	3
	0
	0
	1
	1
	
	5

	Hawthorn
	3
	0
	2
	0
	0
	
	5

	Holly
	3
	2
	0
	0
	0
	
	5

	Wild Cherry
	3
	1
	0
	0
	1
	
	5
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	Figure 25. Recommended habitat provision and improvements for VF with existing habitat greyed out to highlight recommendations
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	Figure 26. Full Vetch Field habitat recommendations and improvements



	Table 14. Biodiversity Metric 3.0 data for recommendations with increased biodiversity value

	Habitats and areas
	Distinctiveness
	Condition 

	Broad habitat
	 Habitat type
	Area (hectares)
	Distinctiveness
	Score
	Condition 
	Score
	Total habitat units

	Grassland
	Modified grassland
	0.554
	Low
	2
	Moderate
	2
	2.22

	Grassland
	Modified grassland
	0.047
	Low
	2
	Poor
	1
	0.09

	Grassland
	Traditional orchards
	0.041
	High
	6
	Moderate
	2
	0.49

	Urban
	Allotments
	0.25
	Low
	2
	Moderate
	2
	1.00

	[bookmark: _Hlk90412119]Grassland
	Tall herb communities
	0.232
	High
	6
	Fairly Good
	2.5
	3.48

	Urban
	Built linear features
	0.194
	V.Low
	0
	N/A - Other
	0
	0.00

	Urban
	Urban Tree
	0.172
	Medium
	4
	Fairly Good
	2
	1.72

	Woodland and forest
	Lowland mixed deciduous woodland
	0.114
	High
	6
	Moderate
	1.5
	1.37

	Heathland and shrub
	Mixed scrub
	0.113
	Medium
	4
	Moderate
	2
	0.90

	Lakes
	Ponds (Non- Priority Habitat)
	0.045
	Medium
	4
	Fairly Good
	2.5
	0.45

	
	
	
	
	
	
	
	Total
11.72



Increased native tree cover, in more natural, less uniform provision, allowing grasses to grow longer in certain areas, offering variety of sward height, resulting in broader habitat range and less need for intensive management, along with increasing the area of wildflower meadow, building upon one existing biodiverse success would all improve on the current baseline. Most of these can be achieved with limited budget and small changes to management focus, in fact offering cost saving in some areas. 

In addition to these improvements, the creation of new habitats including planting of native trees for hedgerows can offer not only habitat for wildlife but opportunity for community engagement, learning of traditional rural skills, developing a sense of inclusion, ownership, and visual progression and achievement. Appropriately selected native hedgerow varieties including hawthorn, blackthorn, and hazel offer food sources, nesting sites, protection, and corridors for movement, linking areas of the site and garden habitats beyond. Invertebrates attracted by the hedgerows and increased soil quality in turn attract their predators, both offering the chance of increased interest and experience od nature for local residents. The colours, sounds, activity, and fascinating plethora of life on people’s doorsteps where it was once stunted or devoid of so many local creatures, waiting for the creation of habitat, understanding, focus and suitable management in order to flourish and give back to a community that may have not known what they were missing.

Further habitat provision recommended would be the construction of a pond, a potentially diverse habitat to incorporate into the design. With no current water feature or natural water source extant, a self-contained, well-planted pond could offer a unique habitat in isolation from floral biohazards identified locally in other surveyed green spaces, free from Japanese Knotweed, Himalayan Balsam, and Rhododendron Ponticum known to proliferate along local natural water courses. There is potential requirement for lining of the pond or even a raised but accessible feature, dependant of soil drainage characteristics and previously tested soil contamination and imported fill cover layer as part of planning conditions at the site (Earth Science Partnership 2021). A pond could provide a home for an array of invertebrates new to the site, including dragonflies, damselflies, aquatic invertebrates, and potential for attraction of broad ranging fauna.

Other opportunities for habitat creation and user benefit include attractive information panels about habitats, noticeboards for local events such as pond dipping and work parties, collaboration with local schools and community groups, developing a sensory garden, murals on remaining walls drawing on residents’ interests, cultures, and the rich heritage of the site as a landmark and proud piece of the City’s and football team’s past. More visually clear management of the area, particularly around the periphery through land usage could reduce antisocial behaviour and the abundance of fly-tipping. An investment into Vetch Field as a statement for the City, into heritage, nature, sustainability, and community, rather than removing green space for the sake of financial profitability.

The overall changes to proposed to the habitat range at Vetch Field would provide added year-round value to the current provision for focal species selected through the devised model. This increase could significantly improve the quality of the site for wildlife and the potential for human-nature interaction and positive experience for the local community and visitors. A measurable improvement via habitat data input into the Biodiversity Metric (Table 14) for the suggested improvements reveals nearly double the habitat units compared to the site with current management. It is expected that this number would only increase over time, as the data entered was for conservative estimates based on new planting and shorter timescales, where maturation and efficacy of new management techniques are predicted to positively impact the quality of habitats and therefore raise habitat units.

[bookmark: _Toc90847367]6.3 Overall Recommendations
- Collaborative planning and thinking with a UK-wide approach to green space management.

- Legislation put in place to guarantee sufficient green space provision for new development sites with an introduction of minimum biodiversity standards.

- Promotion at all age levels of positive interaction and interest in nature and wildlife. Potentially led by the proposed creation of the Natural History GCSE, although an alternative naming may be necessary to avoid association with the past and confusion with other subjects, to maximise potential appeal and interest in the subject within schools.

- Further research into green space creation, habitat benefits and niches, and development of priority management techniques for advancing natural ecosystems in an urban setting.

[bookmark: _Toc90847368]6.4 Conclusion
The shift in perception in the importance of urban green spaces and increasing scrutiny in use and management of these areas, along with advancements in understanding of the importance of biodiversity in urban environments and as a whole, provides a strong indication of the merits and contribution of this and further research in this subject area. Previous focus of mere provision of open green space with limited thought to ecosystem provision, quality of habitat and nature connectivity, along with positive human interaction and experience with diverse thriving native ecosystems, has left a gap for wildlife to fill and a need for a suitable method and guidance to help it do so. Similarly, a review of the current literature highlights an increasing propensity towards a focus on physical and psychological benefits to humans from urban green space with a short fall in specific methods to develop and manage them for nature.

Evidenced by surveys, collated data, and resultant analysis, it is clear that Vetch Field has suffered through changes in proposed purpose, lack of focussed management, and neglect in terms of its limited habitat offering for wildlife, which at present could be considered unintentional. Created as a temporary provision of open space, plans for urban redevelopment would remove this rare publicly accessible green space and further reduce its capacity for biodiversity and potential public benefit. The performed wildlife and habitat surveys have found numerous shortcomings but also opportunity to enhance the site for local users and nature.

The recommendations and developed method for improving and developing Vetch Field, adaptable for use at other urban green spaces can provide a basis for utilising these increasingly needed areas going forward. Archaic management practices must change, despite budget constraints, and inclusive of local communities as key stakeholders in fulfilling their potential. Maintaining and enhancing the natural integrity of green spaces can be achieved through collaboration and considered management, nurturing both environmental and human benefits, through ownership, structured planning, and understanding of the multitude of advantages urban green spaces can provide. In order for this to happen, joined up thinking and changes in legislation and landowner management are both vital and urgent if biodiversity loss is to be slowed, stopped or if possible, reversed in an integral but still yet fully understood habitat on our doorsteps.
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