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Unstructured Abstract
Urbanisation is increasing; an estimated 68% of the world’s population is expected to live in an urban conurbation by 2050. In 2019, London had 9 million inhabitants. Greater London covers an area of  1,569km, 14% of which is vegetated private garden space, a percentage that is declining, negatively impacting biodiversity. Small adaptations to London’s private gardens can turn them into a habitat for wildlife. This study protocol provides detail of research to understand and influence urban rewilding behaviour with a focus on adaptations to private gardens in London. The research follows three phases comprising (1) a scoping review of the existing literature on intent-orientated pro-environmental behaviours with a focus on urban rewilding, coded using the COM-B model of behaviour, (2) sequential mixed methods research including interviews and a quantitative survey to understand the capability, opportunity and motivational factors influencing urban rewilding behaviour, culminating in (3) development of an intervention strategy to promote urban rewilding behaviour using the Behaviour Change Wheel framework. Combining the disciplines of design, environmental and behavioural sciences, this research will provide new insights for influencing the behaviour or urban rewilding.
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Introduction
Pro-environmental behaviour is defined as “individual behaviours contributing to environmental sustainability” (Mesmer-Magnus, Viswesvaran, and Wiernik, 2012: p. 160). To date, much of this work has focused on understanding and changing the automatic decisions people make which have an environmental impact, driven by unconscious cognitive processes by targeting contextual factors and nudging peoples behaviours in the desired direction  (Byerly, et al., 2018). Research has taken place on intent-orientated environmental behaviours, for example, behavioural science has been successfully utilised to improve recycling and reduce household energy consumption (Bamberg and Rees, 2015; Osbaldson and Schott, 2012). Little research has been conducted to understand behaviours which improve and restore biodiversity to urban streetscapes. Research using behavioural science to understand pro-environmental behaviours to improve sustainability and biodiversity is still in its infancy (Byerly, et al., 2018).

Urbanisation
Fifty-five percent of the world’s population are estimated to live in an urban area with a projected increase to 68% by 2050 (United Nations, 2018). Individuals within cities can adapt, change and transform, their homes and gardens to positively impact on biodiversity. Such behaviours require a conscious effort to reverse the trend seen in many cities of loss of green space. 

London is the 4th most populous city in Europe with 9 million inhabitants and the 27th most populous city in the world (World Population Review, 2020). The Greater London area covers a geographical region of 1,569km. In July 2019, the National Park City Foundation declared London as the world’s first National Park city, a movement encouraging Londoners to make London greener, healthier and wilder (Mayor of London, 2019). 

The United Nations Sustainable Development Goal number 11 aims to make cities resilient and sustainable (United Nations General Assembly, 2015). Existing policy in England focuses on greening new buildings and public spaces with a biodiversity net gain a condition of planning permission in England (UK Parliament, 2020). The Mayor of London’s Environment Strategy (2018) embodies this approach but also acknowledges the need for guidance for residents on managing gardens for biodiversity. Existing building stock and private gardens are difficult to control and, therefore, are often overlooked, yet could represent a significant improvement to biodiversity thanks to their cumulative land area and potential as habitat corridors linking public greenspaces (Department for Environment, Food and Rural Affairs, 2019). 

There are an estimated 3.8 million garden plots (front and back) in Greater London (Wildlife Trust, 2010). Private gardens make up approximately 24% of Greater London, of which 57% is vegetated cover, meaning that approximately 14% of Greater London is made up of private garden green space (Wildlife Trust, 2010). The Wildlife Trust (2010) reported a 12% loss in vegetated garden cover in London between 1999 and 2008 resulting in a loss of wildlife, including birds, mammals, amphibia and invertebrates. Notable species at risk include hedgehogs, the house sparrow, the common frog, and the stag beetle (Wildlife Trust, 2010). 

Data from the Office of National Statistics (2020) suggests that 79% of Londoners have access to a private outdoor space, made up of 98% of those living in a house and 65% of those living in a flat, with on average 4.4 flats sharing a garden. London’s residential gardens offer an opportunity to increase biodiversity by making small adaptions to turn them into a habitat for wildlife. Altering these spaces to accommodate nature could significantly contribute to London fulfilling its aims as a National Park City. 

Rewilding
It is said that the term ‘rewilding’ first appeared in print in 1990 (Johns, 2019), but it was Soule and Noss who refined the term in 1998 to include the conservation of large core reserves, corridors of connectivity for wildlife and the protection of keystone species. For the purposes of this study, rewilding is defined as making places wilder again by bringing back greater diversity of life (Jørgensen, 2015) and interpreted for an urban context as incorporating native plants and animals into urban infrastructure (Mills, et al., 2017). More recently terms such as ‘urban rewilding’ and ‘mini rewilding’ have been used (Stone, 2019); other related terms could include ‘nature friendly’ or ‘wildlife’ gardening. Urban rewilding has been advocated (Prior and Brady, 2017) and is inspired by a wider movement to reinstate self-regulating ecosystems in rural landscapes worldwide, championed by organisations such as Rewilding Earth (2020), Rewilding Europe (2020) and Rewilding Britain (2020), originating from the principle of restoring ‘big wilderness’ (Soule and Noss, 1998). 

Greening urban areas enhances biodiversity and benefits humans. Urban environments have potential to support high levels of biodiversity. The latest State of Nature survey by UK conservation organisations found foxes and herring gulls are moving from rural areas, where their conservation status is concerning, to built-up areas (Haydow, et al., 2019). Further, populations of hedgehogs, which are classed as vulnerable to extinction, are showing signs of recovery in urban areas (Haydow, et al., 2019). Species such as peregrine falcons have become city specialists, taking advantage of their tall buildings and feral pigeons (Kettel, et al. 2019), while urban bumblebee colonies are more successful than those in agricultural areas (Samuelson, 2018). 

Efforts to improve cities for wildlife are known to be effective, with targeted conservation measures achieving increases in urban populations of certain bat species (Hayhow, et al., 2016). Measures such as creating ponds for amphibians, planting wildflower areas and providing nest boxes and food for songbirds are beneficial to wildlife (Sutherland, 2020). Indeed, urban ponds have been shown to attract similar numbers of invertebrates compared to non-urban ones, while boasting richer species diversity (Hill, et al., 2017). 

Vegetation provides ‘ecosystem services’, processes and outputs that are beneficial to humans (Costanza, 1997), with biodiversity having a positive impact on these functions (Harrison, et al., 2014). Cities can particularly benefit, with urban greenery helping to disperse air pollution (Janhall, 2015) and counter problems of urban overheating and surface flooding that will increase with climate change (Gill, et al., 2007). Contact with nature is recommended for its multiple health and wellbeing benefits for people (Maller, et al., 2006). Residents of urban areas with a higher proportion of greenspace feel healthiest (Maas, et al., 2006). Further, the positive impact of urban greenspaces on psychological wellbeing increases with their biodiversity (Fuller, et al., 2007). 

Rewild My Street
Rewild My Street (2019) is the progression of a winning entry for the National Park City Foundation’s June 2017 international design ideas competition Imagine London as a National Park City. It explores how a typical London residential street can be adapted to improve biodiversity, supporting the Mayor of London’s vision to make the capital a National Park City; it is this work that inspired this research. 

The Rewild My Street website (Moxon, 2019) includes designs based on the Victorian terraced street typology, found in many London boroughs, to represent a typical residential street. Architectural drawings are developed at different scales and projections to show how a notional street adapted for biodiversity could look, providing ideas for how to successfully integrate wildlife measures into existing properties. Rewild My Street offers affordable DIY as well as commercial options to rewild urban private gardens; at January 2021, 770 people had subscribed to the website. 

It is acknowledged that not all people in London live in a Victorian terrace street, however, the rewilding options presented on the Rewild My Street website are relevant across London’s residential streets. The Rewild My Street website offers an opportunity to reach people across London to support the rewilding of urban private gardens. The Rewild My Street website provides a basis upon which an intervention strategy could be developed, with changes made to the website itself, coupled with the development of supporting interventions to influence individual behaviour in regard to the rewilding of urban private gardens. 

Rationale for this research
Greening streets for biodiversity provides ecosystem services, such as improved air quality, reduced urban overheating and flood risk associated with climate change, and better health and wellbeing (Harrison et al., 2014). A change in behaviour by Londoners, to transform their gardens, could support these outcomes.

Byerly et al., (2018) identify the need to build up behavioural insights to achieve sustainability goals. Research has been conducted to understand the personal and social factors that influence pro-environmental behaviour, suggesting that age, gender, religion, social class, knowledge, control, a connection to nature, one’s childhood experiences, political and world view all play a part (Gifford and Nilsson, 2014), however, to influence behaviour, it is important to specify the behaviour in question as closely as possible. The need for such specificity is highlighted by the vast heterogeneity and inconsistency in pro-environmental behaviours, for example, a person can behave environmentally in terms of recycling but can also regularly drive short distances which could otherwise be taken by active travel; the determinants of each of these behaviours are different (Bamberg and Rees, 2015). This research, therefore, aims to understand and influence the conscious intent-orientated rewilding behaviour of making adaptations to one’s own private garden. The Rewild My Street website offers a basis for the development of an intervention strategy to influence urban rewilding behaviour. 

Conceptual framework
Kok (2015) identifies three major challenges in planning effective behaviour change interventions; (1) the correct identification of the change objectives, (2) selection of appropriate behaviour change methods and (3) implementation of the intervention strategy.  Peters (2015) highlights the importance of the correct identification of areas for change, suggesting a systematic search and synthesis of the existing literature, a qualitative exploration of the behavioural determinants and a quantitative verification of determinants and beliefs. 

Many frameworks exist upon which behaviour change interventions can be based; however, it is not clear which is the most comprehensive and conceptually coherent (Michie, van Stralen, and West, 2011). The Behaviour Change Wheel (BCW) (Michie, et al., 2011), an intervention development framework, aims to overcome this problem by synthesizing 19 behaviour change frameworks with a behavioural model sitting at its centre. 

The behavioural model at the centre of the BCW is the COM-B model (Michie, et al., 2011). The COM-B model postulates that behaviour comes about from an interaction between one's capability to perform a behaviour, the opportunity, and motivation to carry out that behaviour (Michie, et al., 2011). The BCW provides an evidence-based stepped approach to changing behaviours encouraging intervention designers to consider a full range of options, choosing only those that are most promising (Michie, Atkins, West, 2014).  The COM-B model and the BCW offer a logical approach to overcome the challenges identified by Kok (2015).

The BCW follows three stages towards intervention design (Michie, et al., 2014). Stage one involves understanding the behaviour using the COM-B model. Stage two, involves the identification of intervention options including the selection of relevant intervention functions and policy categories. Intervention functions include education, persuasion, incentivisation, coercion, training, restriction, environmental restructuring, modelling and enablement. Possible policy categories to support intervention function delivery include use of guidelines, environmental or social planning, communications and marketing, legislation, service provision, regulation and fiscal measures. The intervention functions and policy categories are considered for their affordability, practicability, potential effectiveness and cost-effectiveness, acceptability, side-effects and safety and equity. Stage three involves identification of intervention content, implementation options and selection of behaviour change techniques (BCTs) (Michie et al., 2013).

Aim
This research aims to understand and influence the behaviour of rewilding in relation to changes to private gardens within London; this research aims to develop an intervention strategy to influence this behaviour using the Rewild My Street website as a basis for intervention development.

Objectives
The research aim will be achieved by completion of the following objectives:
1. A scoping review of the existing literature on intent-orientated pro-environmental behaviours, with a focus on urban rewilding, framed using the COM-B model of behaviour and the BCW.
2. Sequential mixed methods research including interviews and a quantitative survey to understand the capability, opportunity and motivational factors influencing urban rewilding behaviour.
3. Co-creation of an intervention strategy with a group of London residents to promote urban rewilding behaviour using the BCW, considering the range of intervention functions, policy categories, and BCTs with the Rewild My Street website acting as a basis for intervention development. 

Method
The methods to be used are covered in turn by objective.
A scoping review of the existing literature on intent-orientated pro-environmental behaviours, with a focus on urban rewilding
The scoping review will investigate pro-environmental behaviours in relation to changes to private gardens. A synthesis of the existing literature is an important first step in understanding and influencing behaviour (Peters, 2015). A scoping review approach is selected as this is an emerging research field with heterogeneity in research questions, variables and approaches. This scoping review will map the body of literature in the area of conscious pro-environmental behaviour change, specific to urban rewilding, in a user friendly format. 

Search terms
A systematic search of the peer reviewed literature will be conducted using the following search string: 
(pro-environment* OR "pro environmental" OR "positive environmental" OR "positive environment" OR proenvironment* OR eco-conscious OR “eco conscious” OR bio-diversity OR biodiversity OR re-wild* OR rewild* OR eco-friendly OR “eco friendly” OR green) AND (cities OR town* OR city OR urban* OR suburban OR sub-urban) AND (Behaviour OR Behavior)

As this study specifically aims to understand and influence gardening for biodiversity a separate search will be conducted using the following search string, searching for the terms within the title or keyword fields only:
 (biodiversity OR bio-diversity OR nature OR wildlife AND garden*

Sources of information
The following databases and search engines will be searched:
· BioOne,	
· EBSCO Host,
· Science.gov,
· PubMed,
· Google scholar.

The authors will also review the grey literature, specifically reports from the Department for Environment, Food and Rural Affairs, and third sector organisations such as the British Trust for Ornithology, the Centre for Behaviour and the Environment, Conservation Evidence, Earthwatch Europe, The London Mayors Office, Rewilding Britain, Rewilding Earth, Rewilding Europe, the Royal Horticultural Society, the Royal Society for the Protection of Birds, the Wildlife Trusts, the Woodland Trust and the World Wildlife Fund. The websites of these organisations will be searched using the terms behaviour and rewilding, gardening for nature, gardening for wildlife, and gardening for biodiversity.

Inclusion and exclusion criteria
This review will be inclusive of qualitative and quantitative research methodologies both experimental and observational. Papers not focused on understanding or influencing intent-orientated pro-environmental behaviour related to urban rewilding will be excluded. Papers not considered research such as commentary articles or opinion pieces will be excluded. No date range will be set. 

Screening
Papers identified using the search strategy outlined will be screened for inclusion in the scoping review. The papers will be screen in two broad areas, firstly those that aim to explain and understand the determinants of urban rewilding behaviour, and secondly those that aim to influence urban rewilding behaviour. It is acknowledged that some identified papers will fall within both of these categories. 

The research team will screen the titles excluding those not relevant to the aim of the scoping review. The abstracts of the remaining papers will be reviewed by the research team excluding those not relevant to the aim of the scoping review. Finally, the remaining papers will be reviewed in full, again with those not relevant excluded. A Kappa analysis of agreement will be performed at each stage to ensure at least a good level of agreement (a Kappa value of 0.7 or above). Differences between the research team’s decisions regarding inclusion and exclusion will be discussed at each stage with a consensus decision made. A hand search of the included papers will be conducted to identify any additional relevant papers.

Critical appraisal and synthesis of the existing literature
The research team will read and re-read each of the papers included in the final review. The included papers will be critically appraised for their strengths and weaknesses to inform an assessment on the quality of the paper and thus the weight of the evidence. Aveyard et al. (2015) offer six questions to trigger critical thinking which will be utilised in this review; these six questions are:-

1. Where was the information found?
2. Is it good quality evidence? Consideration will be given to the sample size, type and length of study and the representativeness of those sampled.
3. When was the paper written?
4. What type of paper is it and what are the findings?
5. Who wrote the paper?
6. Why was this paper written?

These six questions will be asked of each of the included papers. All papers included in the final review will be reviewed by the members of the research team with differences discussed. Data extraction tables will summarise each of the included papers in the areas of (1) understanding and (2) influencing urban rewilding behaviour, with additional comments made based on the six questions proposed by Aveyard et al., (2015). Key themes will be identified using the COM-B model and the BCW as a coding framework. In addition, the literature will be mapped by date of publication, the focus area, population, study design, methods, citations with identification of journals, institutions and organisations, to provide an understanding of the current state of the evidence, trends and knowledge gaps (James, Randall and Haddaway, 2016).

Sequential mixed methods research to understand the capability, opportunity and motivational factors influencing urban rewilding behaviour

A sequential mixed methods approach will investigate the behaviour of the rewilding of urban private gardens. As a new field of study, the qualitative exploration will precede a quantitative investigation. The qualitative investigation will provide a depth of understanding, with the quantitative evaluation providing an understanding of the relative importance of identified behavioural determinants.  

Interviews
The scoping review will identify what is already known about understanding and influencing urban rewilding behaviour. To ensure an accurate understanding of the influences of urban rewilding behaviour, a series of semi-structured phone interviews, selected because of the dispersed nature of the participants across London, will take place. Participants will be recruited, by digital invitation, from a London borough. A snowball sampling and virtual snowball sampling approach will be used with the digital invitation distributed through the networks of London Metropolitan University. This approach is deemed beneficial as participants are likely to know of others who live in the London area. It is acknowledged that this approach is open to community bias, is non-random with a lack of control over the sample generated. 

Invited participants who express an interest will be sent, via email, a participant information form outlining the purpose of the study, why they have been invited to take part, what will happen if they choose to take part including risks and benefits, what will happen to the information they provide and who they should contact for further information. Interested participants will be asked to provide informed consent to take part in the study. Consenting participants will be asked to complete a screening questionnaire which will ask about their engagement in urban rewilding behaviour within the last 3 months and their intention to do so in the next 3 months. 

Gifford and Nilsson (2014) in a review of personal and social factors that influence pro-environmental behaviour identify the demographic factors of age, gender, social class, education and religion as possible influences of pro-environmental behaviour; therefore, data will be collected on these areas from all consenting participants to support analysis of the qualitative data. Data on house type and size, type and size of garden, house ownership status and London borough will also be collected. Given the large membership, high recognition and influence of nature Non-Governmental Organisations such as the Wildlife trusts and the Royal Horticultural Society, participants will also be asked if they are members or have an affiliation with any such organisation.

Eighteen interviews will be conducted in total; six interviews with those already engaging in rewilding behaviour, six interviews with those that have not engaged but intend to do so, and six interviews with those that have not engaged and do not intend to do so. 

Interviews will follow a semi-structured format with the topic guide based on the findings from the scoping review, the COM-B model of behaviour and the BCW. The overarching question in the semi-structured interviews will be “What would it take for you to partake in rewilding behaviour such as making changes to your garden?” The interviews will be recorded and transcribed verbatim and analysed using the COM-B model and the BCW as a coding framework. 

Survey
Assessing the relative importance of the determinants of urban rewilding behaviour is necessary to suggest impactful areas of change. This will be achieved through the use of a quantitative survey. An overarching question will be “For me to partake in rewilding behaviour such as making changes to my garden I would….” with statements organised by capability, opportunity and motivation created based on the earlier stages of this research; agreement to each statement will be measured on a likert scale of 1 (strongly disagree) to 7 (strongly agree). Data will again be collected on the demographic factors of age, gender, social class, education, religion, house type and size, garden type and size, house ownership status, London borough and membership to wildlife and/or gardening organisations, as possible influences of pro-environmental behaviour. Data will also be collected on intention and performance of Rewilding behaviour.

The survey will be pilot tested with a small participant group (n=10) to ensure understanding of the questions. The survey will be distributed through the networks of London Metropolitan University, including staff and students, who live within a London borough. The research team are aiming for completion by as large a sample as possible by again using a snowball sampling approach. Correlation coefficients will calculate the strength of the associations of the determinants to urban rewilding behaviour. 

Development of an intervention to promote urban rewilding behaviour using the Behaviour Change Wheel

Effective behaviour change interventions make use of theory-based approaches. As mentioned earlier in this proposal, the COM-B model and the BCW provide the conceptual framework upon which this research is based. 

A collaborative, bottom-up approach, is recommended to the design and development of behaviour change interventions (European Commission, 2012), therefore, an intervention development group will be formed with residents from within London to co-create an intervention strategy. The intervention development group will consider areas for change based on the identified behavioural determinants (capability, opportunity and motivation), the potential to change a selected determinant and the impact that doing so will have on rewilding behaviour (Michie, et al., 2014). The existing Rewild My Street website will be included within these considerations and will offer a basis around which an intervention strategy can be developed.

A series of workshops, the number, time and duration of which will be defined in collaboration with the intervention development group, will be held to develop an intervention strategy using the staged process outlined by the BCW (Michie, et al., 2014) selecting appropriate intervention functions, policy categories and BCTs based on the findings from the earlier stages of this research. The affordability, practicability, effectiveness, acceptability, side-effects, safety, and equity for each intervention function, policy category and BCT (Michie, et al., 2014) will be considered before agreeing on an intervention strategy and evaluation plan.

Data Management
Information gathered will be secured on password-locked computers and the servers at the London Metropolitan University. Hard files will be stored in locked cabinets within the University. Research data will be kept for 10 years (Medical Research Council, 2017). Personal data will be secured and processed in the strictest confidence according to the UK General Data Protection Regulation (UK Parliament, 2018).

Data for analysis and reporting will be anonymised. Identifiable data will be accessible only by members of the research team, authorised personnel from London Metropolitan University and regulatory authorities for monitoring purposes. A secure online survey tool will be used to collect the quantitative data.

Ethical considerations
The research team will ensure that the presentation of the existing literature in the scoping review is accurate. All of the included papers will be critically appraised by multiple researchers to prevent bias in the reporting.  

Participants involved in the mixed methods research will be provided with a participant information sheet and will provide informed consent. Participants involved in the qualitative interviews will not be identifiable in the reporting of the findings. The transcriptions of the interviews will be sent to the interviewed participants to confirm accuracy and allow additional information to be collected after the fact. No additional personal data will be collected from the survey participants other than age, gender, house type and size, house ownership status and London borough.  All participants will be able to withdraw from the research and have their data removed at any time without giving any reason and without being disadvantaged in any way. 

The members of the intervention development group will develop, agree and sign a terms of reference for the group. Members of the intervention development group will be able to leave the group at any time without giving any reason and without being disadvantaged in any way. All members of the intervention development group will be credited in any publications related to intervention development.
Results
The research has a proposed end date of 31st August 2023. The expected research outputs are as follows: -
1. A scoping review of the existing literature on urban rewilding behaviour, framed using the COM-B model of behaviour and the BCW. Whilst this is a scoping review and not a systematic review, the results will be reported in line with the PRISMA conventions for systematic reviews (Moher, Liberati, Tetzlaff, and Altman, 2009). 
2. Mixed methods research, including interviews and a quantitative survey, to understand the capability, opportunity and motivation of urban rewilding behaviour.
3. An intervention development paper presenting an intervention to positively influence urban rewilding behaviour using the BCW. 
Discussion
A change in behaviour from Londoners, to make over their gardens to attract more wildlife, could increase the capital’s biodiversity and resilience to climate change, while also improving health and wellbeing. This research aims to understand the behaviour of rewilding urban gardens with a focus on London. The findings of this research may be transferable to other cities. This research follows a phased approach, starting with a review of the existing evidence pertinent to urban rewilding behaviour. This in turn will influence primary research to further understand this behaviour within the context of London, follow by development of an intervention strategy to improve this behaviour supported by the existing Rewild My Street website. This phased approach is a strength of this research. 

Theory based behaviour change interventions have been shown to be more impactful than those without a theoretical grounding. Behavioural science has been applied to pro-environmental behaviours (Bamberg and Rees, 2015; Byerly, et al., 2018; Osbaldson and Schott, 2012), however, in most cases the application of theory has not been linked specifically to an intervention development framework, the use of the COM-B model and the BCW overcomes this. The evidence-based approaches to be used in this research have been successfully applied in other areas such as public health (Webb, Foster, and Poulter, 2016; Webb, Hall, Hall, and Fabunmi-Alade, 2016; Webb, Stockwell, and Chavez-Ulgade, 2017) and are transferable to future studies to understand and influence rewilding behaviour.

Whilst this study protocol does not include the impact testing of the resulting intervention strategy, this will be developed once the detail of the intervention strategy is known, allowing for the selection of the most appropriate research methods. This research focuses on London and this could be seen as a limitation, however, as mentioned earlier in this paper, context and specificity are important in understanding and changing behaviour. It could be argued that even focusing on London as a whole is not specific enough, considering the differences in streetscapes across the city; the influence of such differences should be identified in the qualitative element of this research.

This research is significant and timely in addressing arguably the biggest challenge of our times, the environmental crisis. Combining the disciplines of design, environmental science and behavioural science will provide new insights for tackling this challenge, directly in the case of the ecological decline and indirectly in the case of climate change. Research into urban rewilding, in regards to changes to city gardens, is in its infancy. With urbanisation increasing coupled with a worrying trend in the reduction of vegetated green spaces in London, facilitating behaviour change in the rewilding of  London’s private gardens is important to support biodiversity; this cross-disciplinary research will contribute to this important topic. 
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