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Abstract
Hedgerows are an integral linear feature in the landscape with strong links to agriculture. Hedgerows have numerous benefits for biodiversity, flood mitigation, carbon storage and more. Hedgerows have come under threat in many years due to the increase in unsympathetic agricultural practices, climate change, insufficient management and climate change. Many different survey techniques exist for assessing hedgerows in relation to their function, for biodiversity many surveys focus on using DEFRAs Hedgerow Survey Guidelines to determine hedgerow condition based on ground data collection methods. The focus of this study is to identify key hedgerow features needed to determine hedgerow condition and compare different survey methods for determining hedgerow condition. These techniques include the rapid assessment of aerial satellite and drone survey methods, validated by comparing them to a ground survey. Results showed that aerial satellite was only accurate within 50% of ground survey method and drone 83.3%. Concluding that satellite imagery is only valuable for identifying hedgerows in need of further investigation by either a drone or ground survey. Drone surveying was deemed accurate enough (>70%) to conclude it is reliable for determining hedgerow condition and will be a valuable tool in the future for mapping and grading hedgerow condition in remote and isolated areas. This study has value in the environmental field, through proof of principle, that traffic light surveys are valuable as a rapid assessment tool for identifying hedgerow condition and identifying areas of focus for hedgerow management.
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1.0 [bookmark: _Toc100136480]Introduction
Hedgerows are an integral part of the British landscape and extend across Europe with strong links to agriculture (Fig.1; Pollard, Hooper, and Moore, 1974; Rackham, 2010; Woodland Trust, 2014, Wildlife Trust, 2015; Hedgelink, 2021a; PTES, 2021a; RSPB, 2021). A hedge refers to the linear woody features of a field boundary such as a treeline or shrubs, whereas a hedgerow includes other features such as the vegetation, ditch and bank (What the Science Says, 2020). Historically used as fields margins and boundary markers, they create an extensive network across the landscape. Resulting in linear green networks, essential habitat for several species of international and local importance. Two main factors contributing the major decline of hedgerows include 1) significant lack of management (Crossland et al., 2015). Hedges will naturally develop into tree lines without intervention. 2) insufficient management. Practices such as flailing result in a decline of physical condition, biodiversity value and eventually loss of habitat. The decline in hedgerows applies not only to the number of hedgerows but also their favourable condition (Crossland et al., 2015). Other contributing factors include the changes in land use management, invasive species, climate change and agricultural practices (Staley et al., 2013). As key habitat types, hedgerows of historical, cultural, biodiversity value are afforded a certain level of protection though various national and European Legislation (DEFRA, 2007; Gov, 2019; 2019a; Europa, 2021). The UK Biodiversity Action Plan (BAP) protects at least 47 species of conservation concern strongly associated with hedgerow usage including 13 globally threatened or rapidly declining species (Bridgend County Borough, 2002; JNCC, 2019a;b). Research has shown that over 600 plant species, 1500 insects, 65 birds and 20 mammals have been recorded either foraging or nesting in hedges making them one of Britain’s most biodiversity rich habitats. 
Hedgerow Survey Handbook: A Standard Procedure for local Surveys in the UK is the main guidelines provided by Department of Environment, Food and Rural Affairs (DEFRA, 2007). Many organisations and councils across the UK base their data collection methods around the practices provided in these guidelines (Crossland et al., 2015; Crossland et al., 2015; Lawton et al; Milne et al., 2019; PTES, 2014, 2016). Very little research is afforded to the condition grading of hedgerows using aerial technology such as satellite or drone (Van Der Zanden, Verburg and Mücher, 2013; Connell, Bradter and Benton, 2015; Claireau et al., 2019; Green et al., 2019). Several studies use data collection from ground surveys to determine hedgerow condition and recommend management actions. This study looks to create a survey guide that is compatible with both ariel and ground surveys methods of data collection; to determine the value and accuracy of each for rapidly determining a hedgerow condition grade (Dursun, 2012; Armstrong, 2014).
[bookmark: _Hlk100135211][image: A picture containing grass, sky, nature, mountain

Description automatically generated]Fig 1.1 Hedgerows in the Landscape. Hedgerows are the linear lines of vegetation weaving their way through the landscape. Creating separate enclosures and fields and provide essential corridors for wildlife. Image is of Gower Peninsular from the air with Weobley Castle in the foreground surrounded by a corridor of woodland (Webbaviation, no date).
[bookmark: _Toc100136481][bookmark: _Hlk76466833]1.2 Research Aim
Aim: to create a rapid assessment tool for condition grading hedgerows 
[bookmark: _Toc100136482]1.3 Research Objectives
To achieve the aim of the study several objectives were chosen to keep the research focus:
Objectives:
1. [bookmark: _Hlk91505671]Review existing classification methods for hedgerow condition surveys i.e. aerial drone, and ground methods
2. Appraise new approach existing classification methods for hedgerow condition surveys. i.e. traffic light survey condition grading and feature type used.
3. Test the validity of the new rapid survey technique, comparing results with ground surveys and industry expert opinion
Based on the above objectives it is expected that the analysis will lead to a series of recommendations that will outline additional areas of research into the use of satellite and drone surveys for condition grading hedgerows and the use of traffic light surveys as a rapid assessment tool for condition grading hedgerows.

2.0 [bookmark: _Toc100136483]Literature Review
2.1 [bookmark: _Toc100136484]Hedgerow Conservation Value
2.1.1 [bookmark: _Toc100136485]Hedgerow Landscape Value
[bookmark: _Hlk57978750]In 2007, the Countryside Survey mapped 477,000km of hedgerows across the UK making them one of the largest and most widely distributed semi-natural habitats in agricultural landscapes (Fig 1; Pollard, Hooper, and Moore, 1974; WoodWise, 2014; Scholefield et al., 2016; Graham et al., 2018). Results of this survey showed that hedge species richness in Wales was the highest in Britain, with an average of 4.2 woody species per 30m length (2.2: Scotland; 3.7 England). With 44% of all surveyed linear features deemed in a favourable condition (Blackstock et al., 2012). Hedges are now recognised beyond their original function as boundaries and serve several key functions including their role as an Ecosystem Service (ES) including food provision and fuel for many species (Pollard, Hooper, and Moore, 1974; Coed Cymru, 2009; WoodWise, 2014; Woodland Trust, 2014; HedgeLink, 2021a; PTES, 2021a). Several studies have shown that due to their sheer extent, hedges have a key role in the fight against climate change through carbon absorption and storage (Thomas et al, 2008; Coed Cymru, 2009; Scholefield et al., 2016; HedgeLink, 2021a). Hedges assist in regulating water table levels and can prevent flooding and flood damage in vulnerable areas. Thomas et al (2008) paper shows how vegetation traps moisture, and their root systems store water preventing it from entering the water table too quickly. A hedgerow roots penetrate further into the ground than regular crops they are better of absorbing water from the water table slowing down the effects of flooding (What the Science Says, 2020). 
Hedgerows also act as barriers to prevent soil erosion and stabilise soils through nutrient cycling and soil creation (Thomas et al, 2008; Coed Cymru, 2009; HedgeLink, 2021a). Despite hedgerow contribution as in an ES, Scholefield et al (2016) research highlights how studies such as Burkhard et al (2014), overlook linear features including hedgerows in spatial data collection. Even though the Joint Nature Conservation Committee (JNCC) recognise linear features as a broad habitat type many studies will focus more on areal features in their data collection and ignore habitat borders and boundaries, of which linear features make up a significant proportion (Burkhard et al., 2014; Scholefield et al., 2016). In addition to their role as an ES hedgerows have cultural significance in many societies due to their link to historical agricultural practice and as features in the landscape (Pollard, Hooper, and Moore, 1974; Sitzia et al., 2013; WoodWise, 2014; Woodland Trust, 2014; Blewett, 2016; Heath et al., 2017; Dadam and Siriwardena, 2019; HedgeLink, 2021a). Managed hedges are done in traditional practices that contribute and represent the heritage of individual regions or have value in activities such as bird watching, spiritual activities, recreation, education, and sports.
[bookmark: _Toc100136486]2.1.2 Hedgerow Biodiversity Value
Hedgerow value mainly comes from their provision for biodiversity and wildlife through food provision, habitat connectivity, shelter which ultimately serves as an ecosystem service (Pollard, Hooper, and Moore, 1974; DEFRA, 2007; Coed Cymru, 2009; Staley et al., 2013; WoodWise, 2014; Woodland Trust, 2014; M. Crossland et al., 2015; Wildlife Trust, 2015; Pasher, McGovern and Putinski, 2016; Graham et al., 2018). Different hedge structures benefit various biodiversity, for example, Staley et al (2015) research highlights how hedgerows with dense shrub layers support a greater variety of perennial flowers favoured by pollinators like bees and those with several types of vegetation layers support a greater variety of invertebrates (Sitzia et al., 2013; Van Der Zanden, Verburg and Mücher, 2013; Garratt et al., 2017; HedgeLink, 2021b). By attracting greater abundances of invertebrates more foraging species are attracted to hedges as a food source such as birds and bats both have species classed as priority species under the UK’s Biodiversity Action Plan (Table 2.1; DEFRA, 2007; JNCC, 2019a;b). Over-half of UK BAP species (55%) are associated or depend on hedgerows as a primary habitat (HedgeLink, 2021b). Gelling, Macdonald and Mathews, (2007) research, shows that small mammals such as Bank Vole (Myodes glareolus), avoid using hedgerows with large gaps over >3m as it makes them more vulnerable to predation (Staley et al., 2015; Graham et al., 2018). Hedgerow trees provide shelter, food sources and shade for many species, assist with water and carbon sequestration, provide buffers for unsightly developments, and protect property privacy and contribute to the overall aesthetics of the landscape. An estimated 1.8 million hedgerow trees are over a century old, but concerns are raised without the correct protection and management practices this number will decline in the next 25 years (Coed Cymru, 2009; Woodland Trust, 2014; Crossland et al., 2015; HedgeLink, 2021b).





[bookmark: _Hlk100135234]Table 2.1. UK Biodiversity Action Plan Priority Species Associated with Hedgerows. Species highlighted in Green have been documented on the Gower Peninsular, Wales (DEFRA, 2007; NBN Atlas, 2017;2017a; JNCC, 2019a;b). 
	UK Biodiversity Action Plan Priority Species Associated with Hedgerows

	Mammals
	Birds

	Barbastelle bat (Barbas tella barbastelle) 
	Bullfinch (Pyrrhula pyrrhula)

	Bechstein’s bat (Myotis bechsteinii)
	Cirl bunting (Emberiza cirlus)*2

	Greater mouse-eared bat (Myotis myotis)
	Grey partridge (Perdix perdix)

	Greater horseshoe bat (Rhinolophus ferrum-equinum)
	Linnet (Carduelis cannabina)

	Lesser horseshoe bat (Rhinolophus hipposideros)
	Reed bunting (Emberiza schoeniclus)

	Pipistrelle bat (Pipistrellus pipistrellus)
	Red-backed shrike (Lanius collurio)*3

	Brown hare (Lepus europaeus)
	Song thrush (Turdus philomelos)

	Dormouse (Muscardinus avellanarius)*1
	Spotted flycatcher (Muscicapa striata)

	Red squirrel (Sciurus vulgaris)
	Tree sparrow (Passer montanus)

	Insects
	Turtle dove (Streptopelia turtur)

	Stag beetle (Lucanus cervus) 
	Plants and Lichens

	Noble chafer beetle (Gnorimus nobilis)
	Purple ramping fumitory (Fumaria purpurea)

	Maple wood-boring beetle (Gastrallus immarginatus)
	Western ramping fumitory (Fumaria occidentalis)

	Dotted bee-fly (Bombylius discolor) (adults) 
	Lichen (Bacidia incompta)

	Pearl-bordered fritillary butterfly (Boloria Euphrosyne) 
	Orange-fruited elm-lichen (Caloplaca luteoalba)

	Barberry carpet moth (Pareulype berberata)
	Lichen (Teloschistes chrysopthalmus)

	Buttoned snout moth (Hypena rostralis)
	Round-leaved feather-moss (Rhynchostegium rotundifolium)

	Heart moth (Dicycla sp.)
	Reptiles & Amphibians

	Square-spotted clay moth (Xestia rhomboidei)
	Great crested newt (Triturus cristatus)

	White-spotted pinion moth (Cosmia diffinis)
	Sand lizard (Lacerta agilis)

	
	Fungi

	
	Sandy stilt puffball (Battarraea phalloides)


*1 Historically dormice have been recorded on Gower 
*2 last record of a Cirl bunting on Gower was in 1982 (NBN Atlas, 2017)
*3 very few documented records of red-baked shrike, one last recorded on Gower in 2017 (NBN Atlas, 2017a)




[bookmark: _Toc100136487]2.1.3 Hedgerow Threats
[bookmark: _Hlk99112754][image: Chart, line chart

Description automatically generated]Despite the initial growth of hedgerows to support economies through the industrial revolution the number of hedgerows in the UK following the Second World War (1939-1945) drastically declined (Pollard, Hooper, and Moore, 1974; NEBF, 2016; RSPB, 2021; PTES, 2021b). The country had entered a depression and there was increased pressure and new incentives for farmers to produce more crops to feed the nation. As a result, thousands of km of woodlands and hedgerows were cleared with new specialised machinery to create the space needed. Up to 50% of hedgerows were cleared or left so badly damaged that their value for wildlife was greatly diminished (DEFRA, 2007; Woodland Trust, 2014; Crossland et al., 2015; Wildlife Trust, 2015; PTES, 2021b). Poor farming practice including the burning of straw and stubble, now seen as a valuable food source for many wintering bird species and was banned as a practice in 1992. Spray drift from pesticides, fungicides and herbicides caused the loss of many rare and valuable hedgerow species, contributing to the overall decline in hedgerow value for biodiversity. Even some of the hedgerows that remained were so badly managed that they had been declassified into gappy tree lines or shrubby areas. The Countryside Survey (2007) results showed that there was a decrease in the number of managed hedgerows from 508,000km in 1998 to 477,000km in 2007 the decline was attributed to hedges that have deteriorated to become lines of trees and relict hedges (Fig 2.1; What the Science Says, 2020). Peoples Trust for Endangered Species launched the Great British Hedgerow Survey in 2020, the results of which are still pending.








(What the Science Says, 2020)
[bookmark: _Hlk100135250]Fig 2.1 Hedgerow management Trend. The length of managed hedgerows and woody linear features between 1984 and 2007in Great Britain (What the Science Says, 2020).
Other unsympathetic practices such as cutting at the wrong time of year like summer or too frequently can cause damage and result in biodiversity decline. Livestock damage from over-grazing and or ploughing through hedges to get to other fields damages hedges creating large gaps and degrades hedgerow quality. Other causes of hedgerow decline include new modern fencing alternatives reduce the need to manage existing hedgerows. Since 1984 hedgerow length in England and Wales had seen a steady decline in length with an average of 18000km a year between 1990-1993. As a result, new incentives were introduced to encourage landowners to better manage their hedges (Section 2.4) and the decline levelled off around the mid 90’s. However, there is research to support that new or restored hedges could not have the same value for biodiversity, landscape or historical or cultural significance as ancient hedgerows. According to the Wildlife Trust Wales (2021) there are approximately 450,000 km of hedgerows left in the UK with around 40% of these being classified as ancient or species rich but it is estimated that only around 10% of these are managed for conservation (NEBF, 2016; Wildlife Trust Wales, 2021). Climate change is an increasing threat to hedgerows as temperatures and sea-levels rise, changes in rain fall levels will all impact on the resilience of hedges (Fig 2.2; Thomas et al, 2008; Coed Cymru, 2009; Dursun, 2012; Natural England, 2014; Scholefield et al., 2016; HedgeLink, 2021a;b). Increased tourism, domestic travel, of importation of nursery trees and climate change all contribute the introduction of invasive species and pests which have significant impacts for native species (Natural England, 2014).


















[bookmark: _Hlk100135268][image: Table

Description automatically generated]Fig 2.2. Impacts of Climate Change on Hedgerows in the UK. Table provides an overview of some of the potential impact’s climate change will have on hedgerows in the UK over the next century (Natural England, 2014).







[bookmark: _Toc100136488]2.2 Legislation and Incentives
[bookmark: _Toc100136489]2.2.1 Legislation 
[bookmark: _Hlk99112844][bookmark: _Hlk91669233][bookmark: _Hlk61022035][bookmark: _Hlk99113120]Hedgerows or linear features are referred to directly and indirectly in several legislations, directives, and professional body guidelines (Table 2.2; What the Science Says, 2020; Congreve, no date; Edwards, Leighton and Llewwllyn, 2006; DEFRA, 2007). UK Biodiversity Action Plan (BAP) identify species rich and ancient hedgerows as key habitat for UK priority species such as wintering birds. Resulting in hedgerows being protected under the UK Hedgerow Regulations 1997. Introduced in response to the drastic loss of hedgerows in the UK between 1984 and 1993. The legislation meant that any landowner would have to apply to the local authority (LA) to remove or interfere with a hedgerow but only if it was more than 20m long. This gave the LA the opportunity to go out and investigate/survey the proposed hedge to see if it met any of the criteria for ‘important’ hedgerows within the legislation. Criteria is primarily based on the number of woody species (>6) and rare trees present in a hedge. If the criteria are met, then the landowner has a legal obligation to retain the hedge. Department Environment Food and Rural Affairs (DEFRA) Hedgerow Survey Handbook (2007) was published to set the standard for conducting hedgerow surveys in the UK (Table 2.2). According to DEFRA a hedgerow is only classified as such if it is a minimum of 20m in length and standards only focus on the biodiversity aspect of a hedge for its conservation value (Cornish Hedges Library, 2007). Penalties for removing hedgerows include a fine with the amount based on the ecological value of the hedge removed which some developers would be willing to pay leaving many hedgerows vulnerable if fees do not encourage the preservation of hedgerows.
[bookmark: _Hlk100135298]Table 2.2. Hedgerow Legislation, Directive and Strategies. The following Table outlines some of the key legislation, directive or strategies that refer to hedgerow directly and indirectly in the UK (DEFRA, 2007; Gov, 2019; 2019a; Europa, 2021).
	Legislation

	The Environment Act 1995:

	Framework for the protection of the environment to include hedgerows designated as ‘important’ in England and Wales (Defined in Hedgerow Regulations 1997 below)

	Hedgerow Regulations 1997: (section 97 of Environment act 1995)

	Introduced to protects aspects of the countryside designated as important (biodiversity, historical, cultural, social and/or economic). This prevents the removal of countryside hedgerows without the approval of the local planning authority. The government set out criteria thresholds to decide if a hedgerow is important. Hedgerows are automatically protected if they are on land used for agriculture or forestry, breeding or keeping horses, ponies, donkeys, common land, village greens, Sites of Special Scientific Interest, protected European Sites for conservation or protected areas, local or national nature reserve and land belonging to the state.



	Table 2.2 Continued

	Tree Preservation Orders: (under the Town and Country Planning Act 1990)

	This applies to trees located within a hedgerow, Consent is required from the local authority to remove, cut, or lop trees with designated TPO which typically is applied to trees over a certain age (ancient/veteran) that hold significant value for biodiversity, culture, historical means.

	Wildlife and Countryside Act 1981: Conservation Regulations 1994

	Hedgerows will be indirectly protected from removal or disturbance under these where they provide habitat for species that are legally protected; this includes SSSI, SAC designated sites 

	Government Guidance

	Countryside Hedgerows: Protection and Management 2014

	UK government will provide guidance on how to manage and enhance hedgerow as habitat for biodiversity through DEFRA. In Wales through Natural Resource Wales, Welsh Assembly Government and/or local authority. DEFRA Hedgerow Survey Handbook 2007

	European Protected Species: Apply for a Mitigation Licence (2014)

	Government guidance that requires a licence to interfere with habitats, species or features afforded protection by legislation or designations.

	Wildlife and Habitat Conservation

	A collection of information relating to wildlife and habitat protection and conservation to include hedgerows

	Directives and Strategies

	Habitats Directive 1992

	European Legislation still in place in the UK following BREXIT. Refers to the preservation and protection of habitats classified as of importance for rare and/or endangered species. Indirectly includes hedgerows designated as important (ancient or species rich)

	EU Biodiversity Strategy for 2030

	To build resilience to future threats such as climate change, disease outbreaks, forest fires and food security, which indirectly includes hedgerows.

	Biodiversity Action Plan

	Specific targets referring to the preservation and management of hedgerows for biodiversity across the UK. Specific protected species use hedgerows as primary habitat.


(DEFRA, 2007; Gov, 2019; 2019a; Europa, 2021)
[bookmark: _Toc100136490]2.2.2 Incentives
Agri-environment Schemes (AES) were introduced in the UK  in 2005 to combat the decline in natural habitat and quality in farmed landscapes (HedgeLink, 2011; Joanna et al., 2012; Woodland Trust, 2014; Welsh Government, 2015; 2019; 2020; GWCT, 2021; HedgeLink, 2021c). In England, they are referred to as Environmental Stewardship and in Wales as GLASTIR. Although they vary slightly between the countries, the two main schemes referring to hedgerows are the Higher-Level Stewardship (HLS) and the Entry Level Stewardship (ELS) each offers a financial subsidy based on the criteria met for each. ELS is very basic when it comes to the threshold for the land management required for the subsidy to be paid to farmers. HLS incorporates a more complex management system, but the subsidy is much higher to reflect the higher-level criteria needed to be met to qualify. Management is more reflective of the habitat present and considers the local wildlife and landscape. Included in the HLS if focus on hedge-laying, coppicing and planting to restore and increase the hedgerow network in the landscape. Both levels focus on reducing the frequency of hedge cutting to allow for wintering berries as a food source for many species. By 2012 41% of hedgerows in England were managed through AES (Joanna et al., 2012). Other incentives available include funding and subsidies for new hedgerow creation available through the woodland trust (Woodland Trust, 2021). In Wales, Glastir offers farmers additional subsidies for tree hedgerow supportive measures such as tree guards, fencing, bracken control and the installation of styles and gates, Hedge planting was available at £4.50/m with hedge-laying as £5.53, fence and posting was available at 10.40/m and stock netting at 3.48/m (Davies, 2021). 
[bookmark: _Toc100136491]2.3 Indicators of Hedgerow Condition
[bookmark: _Toc100136492]2.3.1 Key Hedgerow Features
A hedgerow structure consists of several different types of features each with its own value and benefit to wildlife (PTES, 2021c;d; HedgeLink, 2021d). The Peoples Trust for Endangered Species (PTES) lists these features as hedgerow trees, a diverse shrub layer, minimum height and width, structural complexity, connectivity, a hedge margin and/or hedge base vegetation (PTES, 2021c;d). Not all hedgerows will consist of all these features, but some hedgerows will be considered of greater value to wildlife if they are managed in a way that maintains and enhances these key features. However, HedgeLink another hedgerow conservation organisation considers other features as key indicators of hedgerow condition listed as: shrub layer, tree layer, base, margin and ditch (Fig 2.3; HedgeLink, 2021d). Indicating the value of a hedge does not just come from one of these components but combinations between them all. An estimated two-thirds of UK priority species utilise at least two components and one third three components or more (HedgeLink, 2021d). 
Associated hedgerow features are included in a survey if they are located within 1m of the hedgerow and can include banks, ditches, streams, stone walls, verges/headlands, and fencing (Edwards, Leighton and Llewwllyn, 2006). These features should be documented by type, including a description of the feature and where they are in relation to a hedge. Banks and ditches are the most encountered and are considered of ecological value as they provide key habitat for many invertebrate and plant species and contribute to the overall condition of the hedgerow (Fig 2.4). Dry stone walls are considered as part of a hedge due to the abundancies of biodiversity they can host including mosses lichens, plants and invertebrates. Differentiating between very short hedges and ditches can be difficult to determine when looking at aerial imagery due to the quality (DEFRA, 2007). Field margins can be incorporated into this category and refers to a strip of vegetation (1m or more) left bordering one or both sides of a hedge. Field margins allow a space for many wildflowers to grow, providing an essential food source for invertebrates including pollinators like bees. 
[image: A picture containing tree, grass, outdoor, red

Description automatically generated] (PTES, 2021c)
[bookmark: _Hlk100135325]Fig 2.3. An Overview of Hedgerow Features. 1) hedgerow trees 2) a diverse Shrub layer 3) Height and width 4) structural complexity 5) connectivity 6) a hedge margin 7) Hedge base vegetation (PTES, 2021c) 
(Adapted from: Adams, no date)Bank
Ditch

[bookmark: _Hlk100135341]Fig 2.4. Ditch and Bank Diagram. Image show type and location of bank and ditch features. First rows refer to hedgerow banks the second row refers to ditches. 
[bookmark: _Toc100136493]2.3.2 Isolated Hedgerow Trees
[bookmark: _Hlk93053804]Before any hedgerow survey can begin the vegetation has to first meet the criteria to be classified as a hedgerow (DEFRA, 2007). DEFRA provide a useful tool to determine what type of hedgerow is present (Appendix 1; DEFRA, 2007). Isolated hedgerow trees (IHT) are essential features of hedgerows and provide a haven for wildlife (Fig 2.3; Coed Cymru, 2009; WoodWise, 2014; Woodland Trust, 2014; Crossland et al., 2015; HedgeLink, 2021d). Trees are vulnerable to changing agricultural practices, the use of machinery, hedgerow removal and tree disease (HedgeLink, 2021d). Veteran and mature trees are of greater ecological importance and value than younger saplings or trees just reaching maturity and although isolated trees are valuable, too many trees close together can cause issues for the hedgerow (DEFRA, 2007; Van Der Zanden, Verburg and Mücher, 2013; Woodland Trust, 2014; Crossland et al., 2015; Scholefield et al., 2016; Garratt et al., 2017; HedgeLink, 2021d). Casting hedgerows into too much shade caused by the tree canopy can cause sections of a hedge to become damaged, create gaps and in some cases can result in partial hedgerow loss or being declassified into a hedge or woody linear feature. Coed Cymru (2017) survey classified a hedgerow condition as poor if it had degraded into a line of trees (up to 20m in length). Crossland et al (2015) study based the calculation and value of hedgerow trees on the UK Hedgerow Regulations 1997, stating that favourable condition hedgerows will have at least one mature tree in every 50 metres. 
AES criteria support this stating there should be at least two mature trees in every 100M of hedgerow. As a result, Crossland et al (2015) gave hedgerows with 1-4 trees a score of 1 (good) to 17-24 a score of 5 (bad). IHT are classified by DEFRA (2007) as a solitary tree where the tree canopy does not connect to any other tree and are at least twice the height of the existing hedgerow and include trees of any age indicated by the diameter of the trunk. Trees are only counted if the trunk is in or within 1 metre of the hedges woody structure, and lines of trees (up to 20m) are not classified as IHT. DEFRA’s (2007) survey form records the IHT species type and the trunk diameter to the nearest 5cm at 1.3m off the ground and can either be recorded in to 30m sections or as the whole hedgerow length (Appendix 2). A detailed approach is used for data collection on veteran trees (those with diameters over a 1.5m threshold) as they are more likely to have received historical management and have a different shape such as, form, maiden, pollard, coppice or other (DEFRA, 2007). Tree condition is also recorded to identify any features such as damage, deadwood and hollow trunks (Appendix 2). Results are the converted into a percentage class to show how many fall into the following categories: <5cm in diameter, 5-20cm in diameter, 20-60cm, 60-100cm, >100cm.   
[bookmark: _Toc100136494]2.3.3 Hedgerow Shape
Hedgerow shape is essential for a good quality hedge, especially those which have been laid in a traditional fashion to increase density, habitat provision and encourage new vertical vegetation growth (PTES, 2021d; HedgeLink, 2021d, DEFRA, 2007).  PTES (2021d) have very detailed categories for hedge structure for use in their surveys and are numbered from H1-H3 over-trimmed. H4a-H4c recently rejuvenated Hedges, H5-H7 Dense and well managed hedges and H8-H10 tall and over-grown. However, a simplified version is more beneficial for inexperienced surveyors or for surveys that need to be conducted quickly. DEFRA (2007) guide is most referred to is condensed down into 7 hedge key shape types with the option to sketch a structure type that is not included or not commonly seen such as a newly planted hedge (Fig 2.5; DEFRA, 2007). A survey conducted by Coed Cymru (2017) on Gower hedgerows split hedgerow shape into 11 categories: not a hedge, intensively managed, trimmed and dense, overgrown, line of trees, defunct, newly planted, recently coppiced, recently laid, woodland and uncertain. 
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Description automatically generated](DEFRA, 2007)
[bookmark: _Hlk100135446]Fig 2.5. Hedgerow Structure Types. Examples of a cross section of the most commonly found hedgerow structure types taken from the Hedgerow Survey Handbook published by the Department of Food and Rural Affairs (DEFRA, 2007).
[bookmark: _Toc100136495]2.3.4 Integrity
[bookmark: _Hlk93055418][bookmark: _Hlk93055858]Integrity refers to the number and or frequency of gaps detected in a hedge both horizontally or vertically (Fig 2.6; DEFRA, 2007; PTES, 2014; 2021d; HedgeLink, 2021d). Several studies have shown than ‘gappy’ hedges are of poor quality for wildlife (Britt et al., 2011; Sitzia et al., 2013; Van Der Zanden, Verburg and Mücher, 2013; Staley et al., 2015; Garratt et al., 2017; Graham, Gaulton, Gerard and Staley, 2018; HedgeLink, 2021d). DEFRA (2007) defines a gap in a hedgerow as a space not occupied by woody vegetation and is less than 20 metres in length, otherwise it is not classed as a part of the same hedgerow. DEFRA (2007) guidelines states that gaps should include spaces filled by walls, fences, dead sections of hedge and/or any species not classed as a hedgerow species such as brambles or scrub. As gaps are used in the assessment for good quality hedgerow condition the threshold for a favourable condition is less than 10% gaps in a 30m surveyed section (DEFRA, 2007; Britt et al., 2011; Dursun, 2012; National Grid, 2014; Crossland et al., 2015; HedgeLink, 2021d; PTES, 2021d). Access gaps to fields such as gates should not be included as they are intentional and as most gate widths are approximately 5m this would result in a poor condition result for hedges that would otherwise be classified as favourable (DEFRA, 2007). Several Data collections show that gaps recorded in a surveyed section of a hedgerow are typically converted into an overall percentage to show the best results [image: A picture containing text, silhouette

Description automatically generated](Britt et al., 2011; Dursun, 2012; National Grid, 2014; Crossland et al., 2015). 
(PTES, 2016)
[bookmark: _Hlk100135461]Fig 2.5. Hedgerow Integrity Diagram. The above diagram best shows what is classified as a hedgerow gap. Gaps over 1m in length within the hedge and isolated hedgerow trees (IHT) where the canopy does not connect to the hedgerow. Image shows two trees at different maturity levels the one on the right is much older and could be classed as a veteran tree and are classified separately as the canopies are not touching (DEFRA, 2007; PTES, 2016).
[bookmark: _Toc100136496]2.3.5 Dimensions
[bookmark: _Hlk93056862]Dimensions refer to the height, width and cross-section measurements of a hedge (DEFRA, 2007; Gelling et al., 2007; Graham et al., 2018; Sitzia et al., 2013; PTES, 2021d). Dursun, (2012) followed the minimum requirements provided by DEFRA (2007) to surveys hedgerows in Montgomeryshire.  Based on the research DEFRA has stated that the minimum width >1.5m and height >1m requirements for a hedgerow to be considered favourable with cross-section of 3m2. However, for the provision biodiversity 2-3m is a preferred minimum requirement. Several research studies have shown than that the wider and taller the hedge the more beneficial for biodiversity it becomes with particular focus on birds and invertebrates (Hinsley and Bellamy 2000; Maudsley, 2000 and Staley, et al., 2012; Crossland et al., 2015). Through the Agri-environment stewardship scheme or Glastir in Wales landowners are encouraged to manage hedgerow for conservation and biodiversity and receive greater subsidies if hedgerows are maintained to the minimum of 1m or more. 


[bookmark: _Toc100136497]2.3.6 Species Richness
Ancient hedgerows typically have a greater variety of woody species and perennials as they have had more time for new species to be introduced by wildlife or wind-blown seeds (DEFRA, 2007; Dursun, 2012; WoodWise, 2014; HedgeLink, 2021d). A species rich hedgerow must have 5 or more woody species to be classified as such which is the threshold set by DEFRA (Table 2.3; DEFRA, 2007). Hedgerows typically consist of woody species such as with Hazel, hawthorn, black (Dursun, 2012) thorn and/or holly but there are many other species linked to hedgerows that contribute to its condition and all have a value for wildlife provision (Table 2.3). Having a good mix and abundance of woody species ensures that there is food provision from spring to late autumn, but many hedgerows consist of just 1-3 different species. All woody species are linked to a favourable condition if there are at least 3 or more located in a 30m section of surveyed hedge, which is the threshold set by DEFRA (DEFRA, 2007). It is not common for invasive (non-native) species to be found in or within 1m of a hedge but it cannot be ruled out, and may include species such as garden privet (Ligustrum ovalifolium), Leylandii, Sycamore Acer (psedoplatanus), Japanese Knotweed (Fallopia japonica), Himalayan balsam (Impatiens glandulifera), or Rhododendron (PTES, 2014; HedgeLink, 2021d; RHS, 2021). Identification of these species would require immediate action for removal to protect the rest of integrity of the remaining hedge. A hedge can still be classified as in favourable condition if  the percentage cover of invasive species is less than 10% coverage of the shrub or ground layer (DEFRA, 2007). The Hooper and Pollard hypothesis refers to the relationship between a hedge age and the number of species documented (Barnes and Williamson, 2006).








[bookmark: _Hlk100135477]Table 2.3. A list of common woody species found in hedgerows. There may be other species to document, but the Table provides a list of the most common woody species identified in hedges. The bold species are classified as climbers (DEFRA, 2007).
	Woody Species List

	Alder, common (Alnus glutinosa)
	Lime, large-leaved (Tilia platyphyllos) 

	Apple, crab (Malus sylvestris)
	Lime, small-leaved (Tilia cordata) 

	Ash (Fraxinus excelsior)
	Maple, field (Acer campestre)

	Aspen (Populus tremula)
	Oak, pedunculate (Quercus robur)

	Beech (Fagus sylvatica)
	Oak, sessile (Quercus petraea)

	Birch, downy (Betula pubescens)
	Pear, (Pyrus communis sensu lato)

	Birch, silver (Betula pendula)
	Pine, Scots (Pinus sylvestris)

	Blackthorn (Prunus spinosa)
	Plum, wild (Prunus domestica)

	Broom (Cytisus scoparius)
	Poplar, black (Populus nigra betulifolia)

	Buckthorn (Rhamnus cathartica)
	Privet, wild (Ligustrum vulgare)

	Cherry, wild (Prunus avium)
	Rose, dog- (Rosa canina)

	Dogwood (Cornus sanguinea)
	Rose, field- (Rosa arvensis)

	Elder (Sambucus nigra)
	Rose (Rosa sp.)

	Elm, English (Ulmus procera) 
	Rowan (Sorbus aucuparia)

	Elm wych (Ulmus glabra)
	Spindle (Wuonymus europaeus)

	Elm, (Ulmus sp.) 
	Sycamore (Acer pseudoplatanus)

	Gorse (Ulex europaeus) 
	Wayfaring-tree (Viburnum lantana)

	Gorse, western (Ulex gallii) 
	Willow, grey (Salix cinerea)

	Guelder rose (Viburnum opulus) 
	Willow, goat (Salix caprea)

	Hawthorn (Crataegus sp.) 
	Bramble (Rubus fruticosus agg.)

	Hazel (Corylus avellana) 
	Honeysuckle (Lonicera periclymenum)

	Holly (Ilex aquifolium)
	Ivy (Hedera helix)

	Hornbeam (Carpinus betulus) 
	Traveller’s-joy (Clematis vitalba)








[bookmark: _Toc100136498]2.4 Hedgerow Management
Hedgerow presence in a landscape does not necessarily mean that its value and importance is guaranteed (Coed Cymru, 2009; PTES, 2014, 2016; Woodwise, 2014; Staley et al., 2015; Graham et al, 2018). It is only through clear and effective management practices is habitat quality achieved, particularly for the conservation of biodiversity. Europe and the UK have lost more hedges due to no or unsympathetic management practices than outright hedgerow removal (PTES, 2014; 2020; HedgeLink 2020e). In some cases, hedgerow have become so overgrown as the vegetation matures that they lose all structure and become declassified into treelines or scrubby areas of habitat (Barr and Sparks, 1995; DEFRA, 2007; Staley et al., 2015; Graham et al., 2018). Effective management is critical for structural condition and several different types of management practices are used across Britain. Some contribute to achieving a good hedgerow condition while others can be damaging. Some of the most relevant include:
· Flailing
· Hedge-laying
· Fencing
· Ditch maintenance
· Bank maintenance
· Hedgerow trees
· Pollarding hedgerow trees
· Replanting hedgerow gaps or new hedge-lines
· Field margin provision 
· General good practice
All full breakdown of the management techniques can be found in Appendix 3. 
[bookmark: _Toc100136499]2.4.1 What is Hedge-laying?
[bookmark: _Hlk91697588]Hedge-laying is a management practice that contributes the most to achieving a favourable hedgerow condition (WoodWise, 2014). Less landowners are using the more traditional hedge-laying practices as it is more labour intensive, costly and in some regions, there is a loss of the traditional skills and techniques (Staley et al., 2015; Graham et al., 2018; Hedgerow, 2021e). Hedge-laying stimulates new growth at the base and encourage new vertical growth increasing the density of the woody structure of a hedge (PTES, 2014). This creates an ideal habitat for a variety of species including nesting birds and unlike mechanical cutting some hedgerows only need to be laid every 5-20 years depending on the age and species present (Staley et al., 2015; Graham et al, 2018). There are several different management styles when it comes to laying hedgerows which vary regionally and usually depend on the farming type as some need to be stronger than others to keep in cattle. On the Gower, the culture and heritage of hedge-laying skills and knowledge are kept alive by the Gower Hedgerow Hub and the Gower Society some of the techniques seen include the Stake and Pleach style, popular in the Brecknockshire/Powys area which uses woody vegetation cut from the hedge and turns it into stakes to weave the laid sections of hedge through and the Flying Gower Technique which simply cuts the vegetation close to the ground but uses nothing to keep the laid sections of hedge in place (Fig 2.7; Beech, 2017; Welsh Wildlife, 2021). 
(Welsh Wildlife, 2021; Beech, 2017)
[bookmark: _Hlk100135492]Fig 2.7. Hedge-Laying Styles of Gower.  Top left image shows the Flying Gower Technique and the Brecknockshire Stake and Pleach style of hedgerow laying top right (Welsh Wildlife, 2021; Beech, 2017).
[bookmark: _Toc100136500]2.5 Hedgerow Surveying Techniques 
[bookmark: _Toc100136501]2.5.1 Satellite Hedgerow Survey
Aerial mapping of linear features has been used in several studies for mapping spatial distribution and to identifying small-scale features in the landscape (Van Der Zanden, Verburg and Mücher, 2013; Connell, Bradter and Benton, 2015). Desktop studies are commonly used when beginning a study and aerial imagery can be a useful tool for collecting basic information on a study area (Fennessy, Jacobs and Kentula, 2004; Deckers et al., 2005; DEFRA, 2007; M. Crossland et al., 2015; EDSM, 2017). Ordnance Survey (OS) maps are easily available online and provide basic information including a visual representation and are recommended in the DEFRA survey handbook (DEFRA, 2007). For example, if hedgerows were the focus of a study, aerial mapping could easily identify the extent and distribution in the landscape and certain information about hedgerow features can be deduced. Coed Cymru, (2015) study investigated hedgerows on Gower using OS mapping to map the length of hedgerows, possible structure type, identify associated features such as fencing, roads and/or ditches, hedgerow trees and clean-cut lines that indicate a hedge has been intensively managed (Fig 2.8). Coed Cymru’s (2016) study also used the shadows cast by the sun to estimate the approximate height of the hedge. 
[image: A picture containing grass, outdoor

Description automatically generated]Crossland et al., (2015) study used a Multi-Agency Geographic Information for the Countryside (MAGIC) which provides free access to interactive maps on location and boundaries of several designated areas including AONBs, and Sites of Special Scientific Interest (SSSI). Other studies by Pasher, McGovern and Putinski, (2016) and Crossland et al., (2015) have used satellite imagery provided by search engines such as Bing, Google Earth and Google Maps as they are easily accessible and provide all the basic information. Dates of the satellite imagery varied between the sources but were all considered to be up to date enough to provide accurate information as naturally the landscape changes very little over short periods of time. Scholefield et al., (2016) study discusses how aerial photography and Light Detection and Ranging (LiDAR) are the best choices for collecting the information needed but also explains that the OS Mater Map was used as part of the hedgerow data collection in the Countryside Survey of 2007. However, the DEFRA Survey handbook (2007) was not used to collect the data in the biggest hedgerow survey at the time (Cornish Hedges Library, 2007).  
(Coed Cymru, 2015)
[bookmark: _Hlk100135506]Fig 2.8. Aerial Image of Hedgerow Survey Area. Image taken from Coed Cymru (2015) study showing an aerial photography example of a trimmed and dense hedge located adjacent to a road. Yellow line indicates the 30m surveyed section a tool provided by Google Earth. Shadow cast by the sun estimated the hedge height to be a moderate 2.5m tall (Coed Cymru, 2015).

[bookmark: _Toc100136502]2.5.1 Drone Hedgerow Survey
[image: Map

Description automatically generated]Drone technology is a valuable tool in the environmental sector and has been used in several studies to capture aerial photography for data analysis including the monitoring of beach litter, mapping linear features and monitoring deforestation (Brown, 2018; Deidun et al., 2018; Afriansyah et al., 2019; Claireau et al., 2019; Green et al., 2019). Drones are a remotely operated aerial devices with attached digital recording equipment and vary in size, image quality, and price. Several key benefits include their ability to operate in remote and difficult to access areas, they require less manpower to operate, they can survey whole areas in a reduced amount of time and are more reliable in their data collection as they provide instant clear imagery compared to satellites which often appear grainy and can lead to inconclusive results (Fig 2.9; Brown, 2018; Orton et al., 2018; Afriansyah et al., 2019). However, the main down falls are the initial cost of the drone equipment and having an experienced operator. Several third-party companies can be contracted out for certain projects but can cost around £350-500 per day and many organisations rely on volunteers to collect data. Very few studies have used drone technology to map hedgerows likely due to the cost involved but (Green et al., 2019) study focused on biomass retrieval in Ireland using active remote sensing such as drone technology, a project run by the Environmental Protection Agency Research Programme 2014-2020. 
 (Peter, 2012)
[bookmark: _Hlk100135517]Fig 2.9. Drone verses Satellite Image Quality. On the left is an example of an image taken from a satellite where the quality is poor and pixelated. The image on the right was taken by an aerial drone as the device is closer to the ground the quality and detail on the image is very good (Peter, 2012).
[bookmark: _Toc100136503]2.5.3 Ground Hedgerow Survey
Ground surveys are the most common data collection methods for grading hedgerow quality and condition as more detailed information can be collected and the work is usually carried out by volunteers (Rich et al., 2000; Britt et al., 2011; Coed Cymru, 2017). Several survey types are available depending on the surveyor’s experience, but the guidelines for hedgerow surveys are set DEFRA’s Hedgerow Survey Handbook (2007). Several studies use the form or basic information provided directly by DEFRA and other organisations such as PTES provide an adaptive version (Table 2.4). Focusing survey forms from one source ensures that the data collected is standardised allowing for data comparisons across numerous UK sites.  
[bookmark: _Hlk100135529]Table 2.4. Hedgerow survey form summary. Table indicates what features are included in each survey Yes highlighted in Green and those not included are highlighted in Red (DEFRA, 2007; PTES, 2021d).
	Feature Type
	DEFRA (2007)
	PTES (2021d)

	Hedgerow type
	Yes
	No

	Length
	Yes
	Yes

	Connections Nodes
	Yes
	Yes

	Survey length 30m/whole
	Yes
	Yes

	Adjacent Land Use
	Yes
	Yes

	Associated Features
	Yes
	Yes

	Field Margin
	Yes
	Yes

	Ground Flora Species
	Yes
	No

	Non-native Species
	Yes
	Yes

	Shape/structure type
	Yes
	No

	Dimensions
	Yes
	Yes

	Integrity
	Yes
	Yes

	Isolated Hedgerow Trees
	Yes
	No

	Woody Species
	Yes
	Yes








2.6 [bookmark: _Toc100136504]Sampling Protocols
Hedgerows can be sampled as whole hedge networks but as there are thousands of km to undertake sampling is typically carried-out in 30m sections of hedge that give the best representation of a site (Fig 2.10; DEFRA, 2007; PTES, 2016; HedgeLink, 2021f; PTES, 2021d). Nodes refer to the area where two hedgerows connect (Appendix 4). One hedgerow can have several junctions like this that make up the hedgerow network. Sites can be broken down into 1km2 quadrats and a selection of hedgerows can be chosen for surveying within those quadrats (Fig 2.10). Site selection is based on carrying out a desktop study beginning with aerial photographs to map the network extent. Grid sizes can be selected based on density of the hedgerow network and vary from 16, 25 and 36. Russell et al., (2012) research highlights how DEFRA’s sampling grid method has the potential to exclude features that could be of importance in his case arable fields for soil surveying but the flaw could be applied to hedgerows where one hedgerow is chosen in favour of another and has the potential to show different results.  Alternatively, the quadrat method can be used to overlay a particular site and a selection of hedgerows can be chosen from within each quadrat of a smaller size.  Stratified sampling method is also an option where one section of 30m hedge is surveyed in every 100m of hedge for the whole network.. Carlier and Moran, (2019) research used stratified random sampling in a selected area to identify different landscape features a method applicable to include linear features like hedgerows. A pilot study is also recommended to ensure the method is suitable before implementing it across a whole survey area (DEFRA, 2007; Carlier and Moran, 2019b). Carlier and Moran, (2019a) used the same sampling method in another study focused on hedgerows along a proposed greenway route. Hedgerow sampling of 35 stratified random sample sites gave a 5% representation of the study area. 
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(DEFRA, 2007)
[bookmark: _Hlk100135569]Fig 2.10. Sampling Protocol. Each square is equal to 1km and the numbers are the grid square reference from the OS map. Sample grin size is 3x3 indicated by the horizontal and vertical black lines. Other blacklines are boundary features that are not hedgerows, Green lines indicate hedgerow, Red dots are hedgerow nodes. Red lines are the sections of hedgerow to be surveyed, Blue dots indicate the centre of each 3x3 grid squares. Blue lines indicate the link to the nearest hedgerow in the 3x3 grid square. 








[bookmark: _Toc100136505]2.7 Data Analysis
Rapid assessment tools are designed to achieve quick data collection while minimising the loss of accurate data (UNHCR, 2009). In the environment sector rapid assessment tools are not very common as environmental assessment usually require in-depth investigations. In the surrounding literature, no studies could be identified using any form of ‘rapid survey’ for use on specifically grading hedgerows condition. Many are based around the full survey form provided by DEFRAs Hedgerow Survey Guidelines (Britt et al., 2011; Dursun, 2012). Rapid assessment surveys that are available are very niche and the information is not transferable to other studies and fields (Fennessy, Jacobs and Kentula, 2004; Ewers et al., 2005; UNHCR, 2009; Lecq, Loisel and Bonnet, 2015). In other fields, traffic light colour coding systems have been used to grade products or status (Fig 2.11; Food Standards Agency, 2022). For example, the main use of this type of system is on food packaging in the UK, where its contents such as sugar or fat etc are graded Red for high levels, Amber for medium and Green for low. Making the information quickly available to the consumer and helping them to make a healthier choice. Another example of traffic light colour coding is the NHS in many sicarios but for this example it is in relation to action with covid testing when traveling to and from red-high risk, Amber -possible risk, green-low risk countries (Sheppard, 2021). 
[image: Traffic light label highlighting the reference indicator]




(Food Standards Agency, 2022)
[bookmark: _Hlk100135582]Fig 2.11. Food Labelling: Traffic Light Colour Coding. Image shows the use of colour coding food intakes Red for high, Amber for medium and Green for low. Purple bar indicates values converted into a percentage of the whole product (Food Standards Agency, 2022).
In studies using the DEFRA Hedgerow Survey Guidelines many of the results are converted into percentages, 10% gap allowance for integrity or 30% of hedgerow were a tall and leggy structure etc (DEFRA, 2007). Converting the results into percentages allows for a better comparison of the results. Even in the food industry the values are converted into percentages for consumers to understand the amount compared to their total daily allowance, such as, 34g sugar and it contains 38% of the recommended daily allowance (Fig 2.11; Food Standards Agency, 2022). Coed Cymru (2017) conducted hedgerow surveys on Gower and used a similar method of categorising hedgerows into Red/Orange colours for poor conditioned hedgerows and Green for good condition. This was the only documented use of the traffic light system method used in application for hedgerow condition grading found in the surrounding literature (Fig, 2.11).
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Description automatically generated](Coed Cymru, 2017)
[bookmark: _Hlk100135626]Fig 2.12. Colour Graded Hedgerow Condition. Good and Poor colourisation allows visual interpretation of the hedge data. Red and orange indicates poor while shaded Green indicates good hedgerow condition.











[bookmark: _Toc100136506]3.0 Materials and Methods
[bookmark: _Toc100136507]3.1 Semi Structured Interview 
Interviews usually take place as part of a mixed method approach to research to support or gain an insight into to a specific topic area (Kumar, 2005; Mason; 2018; Research Methodology, 2019). The main approach for interviews in research work follows a structured approach, having each of the interviewee’s answer the same structured questions in the same order, providing uniform answers from all parties to allow for a better comparison of data. Alternatively, the semi-structured interview method follows the same approach as the previous method, but additional questions or discussion may be asked to clarify or expand on certain points or issues. Face-to-face interviews are the most beneficial approach for ensuring qualitative data is collected and are more formal allowing the interviewer to explain the purpose for the research more clearly and directly (Barriball, 1994; Kumar, 2004; Irvine, 2011; Mason; 2018). However, when distance is a problem other means of communication are also available including skype, telephone or email. Malcom Edwards has agreed to fill the hedgerow expert roll for the purpose of this study. His interview will prove key to having an impartial third-party review with experience in the sector essential for validating the method of data collecting and condition grading of hedgerows. Open questions were asked to form a more discussion style of questioning to gather as much information as possible and to avoid overlooking any details.
[bookmark: _Toc100136508]3.2 Desktop Study and Pilot Survey
A desk top study will involve the development of the new survey based on current UK survey guidelines provided by DEFRA (DEFRA, 2007). Adapted to be more reflective of the data needed to determine what features contribute to favourable hedgerow condition established by scientific research.  Information gathered will be reviewed by an independent hedgerow expert before being pilot tested on 3 random 30m sections of hedgerow using satellite imagery from Google Earth. Google Earth was selected as it is easily accessible to anyone and has certain features that could be of use including distance measuring, adjusting scale, and 3d viewing allowing. Following the pilot surveys any errors noted with the survey method will be amended to complete the survey ready for the main data collection. A DJI Phantom 4 Drone has been loaned for the purposes of this study (DJI, 2021). 

[bookmark: _Toc100136509]3.3 Sampling Protocol
Site locations were selected based on gaining landowner permission and then using Google Earth to map a 1k2 grid overlay. This 1km2 grid was divided into nine separate squares approximately 333.33m2 each. Hedges closest to the centre of each square were selected for surveying. If the centre of the square was outside of the property boundary, the hedge closest to the centre and withing the property boundary will be surveyed. This method of hedge selection removes bias from selection process.
[bookmark: _Toc100136510]3.4 Site Locations
Three separate site locations were selected based on the access required by landowners to collect the ground and drone data. However, each site contained a suitable number of hedgerows to collect the data needed for the purpose of this study. 
[bookmark: _Toc100136511]3.4.1 Site A
[image: Map

Description automatically generated]Site A -Location based in Pilton Green and was chosen as the landowner is enrolled in a GLASTIR project and manages the land with conservation in mind. 
(Adapted from; Google Earth, 2021)
[bookmark: _Hlk100135675]Fig 3.1. Site A Map. Outer Yellow grid is equal to approximately 1km2 with each individual square equal to 333.33 metres. Red Line represents the approximate site/property boundary. Blue dots represent the centre of each grid square. Blue line directs to the nearest hedgerow on the site boundary.





[bookmark: _Toc100136512]3.4.2 Site B
Site B is located at the Vile Rhossili currently managed by the National Trust (2021). 











(Adapted from; Google Earth, 2021)
[bookmark: _Hlk100135686]Fig 3.2. Site B Map. Outer Yellow grid is equal to approximately 1km2 with each individual square equal to 333.33 metres. Orange under line is the site boundary from the Google Earth Map. Red Line represents the approximate site/property boundary. Blue dots represent the centre of each grid square. Blue line directs to the nearest hedgerow. Red X indicates square not included in the survey field. 















[bookmark: _Toc100136513]3.4.3 Site C 
Site C is a private farm located in Berry and was chosen as the owner is not enrolled on any conservation scheme. 





















(Adapted from; Google Earth, 2021)
[bookmark: _Hlk100135705]Fig 3.3. Site C Map. Outer Yellow grid is equal to approximately 1km2 with each individual square equal to 333.33 metres. Orange under line is the site boundary from the Google Earth Map. Red Line represents the approximate site/property boundary. Blue dots represent the centre of each grid square. Blue line directs to the nearest hedgerow. Although, the bottom right square is not located within the property boundary. It will be included as it is located along a public track.

[bookmark: _Toc100136514]3.5 Ethics
Based on the research the structure of a hedge is best observed in September and October time when all the leaf vegetation has died back. Surveying during this period also reduces the risk of disturbing nesting birds between March and September. Surveying during the summer months may allow for a better comparison of satellite and ground data as many satellite imagery is taking during the summer months when the skies are clearer. Noise from a drone and the propellers pose the greatest risk to wildlife particularly birds as drones are difficult to see and can causes great injury even if the risk or likelihood of an encounter is low. Landowner permission will be granted to gain access to private property.
[bookmark: _Toc100136515]3.6 Health and Safety
A risk assessment is provided stating all the possible health and safety concerns, their likelihood and severity relating to the collection of data for the purpose of this study (Appendix 5). Risk assessment is provided by the University of South Wales and adapted to purpose of the survey data collection and can be found in Appendix 5.
[bookmark: _Toc100136516]3.7 Data Analysis
Conversion of raw data from the survey will be converted using a traffic light system Red is unfavourable, Amber is semi favourable, and Green is favourable.  Several surveys use traffic light systems to rapidly convert data into a clear grading system. 
[bookmark: _Toc100136517]3.8 Limitations 
Several limitations have been identified within this study. Satellite data is not real time data 
meaning that it could be several years old allowing for discrepancies within the data. For example, a hedge could have received some form of maintenance between when the satellite image was taking and when the ground data or drone footage was taken. Grading hedgerow condition is an imprecise practice opinion could vary between professionals based on their different experiences and knowledge but by comparing it to what scientific research is available and keeping the survey consistent the risk of bias is minimised. Site selection for the study was limited by the accessibility to surveying suitable sites as finding landowners and gaining permissions is challenging but compromises can be made by surveying from roads and public rights of way where necessary.

[bookmark: _Toc100136518]3.9 Survey Form and Guide
Based on DEFRAS hedgerow Survey Guideline (2007) and following an interview with hedgerow expert the following survey was created for the purposes of this study (Appendix 6) for use with the grading guide (Table 3.1 and 3.2). 
[bookmark: _Hlk100135732]Table 3.1. Selected Hedgerow Survey Form. A =aerial, D=drone and G=ground. Split into two columns for expert parameters and DEFRA parameters for each of the hedgerow features surveyed: structure, integrity, IHT, Width, Height and management. Space was also left for adjacent land use and associated feature notes.
	HR
No
	Structure
	Integrity
	IHT

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
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	HR
No
	Width
	Height
	ALU:
	AF:

	
	Expert
	DEFRA
	Expert
	DEFRA
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
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	5
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	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	Management

	
	Expert
	DEFRA

	
	A
	D
	G
	A
	D
	G

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	



[bookmark: _Hlk100135760]Table 3.2. Hedgerow Survey Guide. Based on DEFRA and adapted to suit the purpose of this study as agreed with the hedgerow survey expert (Adapted: DEFRA,2007).
	Adjacent land use: ALU
	Associated features: AS

	Arable cropped
	Young woodland
	Footpath
	Bank

	Arable uncropped
	Semi mature woodland
	Bridleway
	Fence

	Improved Grass
	Mature woodland
	Water: river
	Ditch one side

	Semi-improved grass
	Minor road
	Stream
	Ditch both sides

	Unimproved grass
	Track
	Lake/pond
	Field margins

	
	Major road
	Private residence
	




	Grade
	Structure

	
	Expert
	DEFRA

	3
	A: Trimmed & dense
	A: Trimmed & dense

	1
	B: Intensively managed
	B: Intensively managed

	2
	C: untrimmed
	C: untrimmed

	1
	D: Tall & leggy
	D: Tall & leggy

	2
	E: Untrimmed with outgrowth
	E: Untrimmed with outgrowth

	2
	F: Recently coppiced
	F: Recently coppiced

	3
	G: Recently laid
	G: Recently laid

	1
	H: No Hedge
	H: No Hedge

	2
	I: Other
	I: Other


(DEFRA: considered and graded based description)
	Grade
	Integrity
	

	
	Expert
	DEFRA
	

	3
	<1.5m
	<3m
	

	1
	>1.6m
	>5m
	


(DEFRA: considered favourable)

	Grade
	Dimensions

	Height

	
	Expert
	DEFRA

	1
	<1m
	>1m

	2
	1.1-2.9m
	<0.9

	3
	>3m
	

	Width

	1
	<1m
	>1.5

	2
	1.1-2.9m
	<1.4

	3
	>3m
	


(DEFRA: considered favourable)
	Grade
	Isolated Hedgerow Trees

	
	Expert
	DEFRA

	3
	0-1 mature Tree/veteran
	Veteran 

	1
	Compromised hr structure
	Record species and width


(DEFRA: considered but not graded)
	Grade
	Management

	
	Expert
	DEFRA

	1
	Annual flailing
	

	1
	Split stems
	

	1
	Unsuitable fencing
	

	1
	Collapsed walls
	

	1
	Poor aftercare of planting
	

	1
	Herbicide use close to hr
	herbicides

	1
	Bank collapse damage
	

	1
	Invasive species non- removal
	

	1
	No gap restoration
	

	1
	
	Mowing/cutting base

	1
	
	Ploughing too close to hedge

	2
	Unmanaged hedge margins
	

	2
	Over grazed
	Grazing 

	2
	
	Cultivation

	2
	No management for several years
	No management for several years

	1
	Alternate flailing
	Flailed/trimmed

	1
	Planted up
	Planting/gapping

	1
	Coppiced
	coppiced

	1
	Pollard trees
	Pollard trees

	1
	Laid
	Laid

	1
	Suitable Fencing
	

	1
	Casting up (bank restoration)
	

	1
	Managed Hedge margins
	


(DEFRA: considered and graded based on recommendations)



4.0 [bookmark: _Toc100136519][bookmark: _Hlk92451644]Analysis
Analysis of the data collected will highlight which methodology is most accurate for determining overall hedgerow condition in the study area and investigating any variation between the different hedgerow feature types and the survey methods tested. Analysis will begin with the results of the hedgerow expert interview and justification for adapting the standard hedgerow survey guidelines provided by DEFRA to better suit the needs of Hedgerows on the Gower Peninsular. Continuing to investigate the value of using a traffic light survey for presenting the results, what value it had in the industry and linking it to surrounding research available. Results are then converted into a statistical analysis in the form of percentages which allows for a more detailed statistical analysis of the traffic light survey results. Focus for policy will be discussed to highlight any issues observed when it comes to legislation and incentives landowners are subject to and if they are meeting the needs for the conservation of hedgerows. A brief summary will follow to highlight the key points discussed throughout the analysis.
4.1 [bookmark: _Toc100136520] Industry Standards verse Expert Interview 
The following section will discuss the results of the expert interview and the justification for the amendments made to the industry standards survey guidelines. Industry standard refers to ‘DEFRA Hedgerow Survey Guide’ which is an umbrella guide for the whole of the UK and may not always be adapted to meet the requirements or styles of a local area, but these set parameters allow for data sets across the country to be comparable (Britt et al., 2011; Dursun, 2012; Armstrong, 2014; Crossland et al., 2015). Most hedgerow surveys found in the research focus on accessing species richness to determine condition, but the value of this new survey is to determine the viability of grading hedgerow condition using satellite imagery and/or drones by looking at what hedgerow features are identifiable and determining if they are valuable for grading hedgerow condition (Britt et al., 2011; Dursun, 2012; Armstrong, 2014; Sandom and Macdonald, 2015). 
An Interview with Malcom Edwards a very experienced hedgelayer from the Gower gave some interesting insight into the gap between DEFRAs minimum requirements and what in his personal experience is ‘lacking’ (Edwards, 2021; Appendix 6). For example, his opinion is that DEFRAS minimum 1m height and 1.5m width requirement for a favourable condition is simply not enough to protect the integrity of a hedge particularly on Gower where it is more exposed to the elements than other locations in the UK (DEFRA, 2007; Edwards; 2021). DEFRAs minimum gap requirements of 3m in every 30m (10% gaps), if broken up into 3 separate 1m gaps is more manageable than one 3m gap which is typically reflective of a standard field gate. Research supports that many bird and mammal species flourish better in thick and dense hedgerows, as it provides more cover for building nests, better protected from predators and a greater plant variety will feed many different species throughout the year (Edwards. 2021; Britt et al., 2011; Dursun, 2012; Armstrong, 2014; Sandom and Macdonald, 2015). 
DEFRA consider one veteran tree or mature tree in every 100m of hedgerow to be ‘favourable’, which is difficult to quantify in a 30m section if there is not a tree present, does it then go against the overall condition of a hedgerow? The answer is unclear. However, on Gower, Edwards (2021) believes that due to its exposure landowners should not be penalised for having no isolated hedgerow trees. It is these types of differences that can affect how the altered parameter (integrity, height & width) results appear in Table 4.3 based on DEFRA verses the expert parameters. Further conflict arises when discussing flailing as a management practice as it is not financially practical to lay every hedgerow on a property, Edwards (2021) states that alternate flailing is a reasonable compromise as it allows the hedgerow some time to recover. Despite research showing that even alternate flailing will have less benefits for biodiversity such as producing less winter berries, compromises must be made when it comes to balancing conservation needs with the financial cost involved in maintaining many kilometres of hedgerows that landowners are often responsible for (Hedgelink, 2011; Edwards, 2021). Edwards (2021) does state that a hedgerow would only need to be laid a minimum of twice for it to be considered of a greater conservation/biodiversity value. If farmers could just focus on laying one field hedge or several smaller sections dedicated to biodiversity, then this could have a big impact on its value for wildlife. As farmers only need to lay a hedge at least twice once this had been completed, other sections of hedgerow can be laid and over generations its value increases.
DEFRA recognise that there are different hedgerow structures available but do not assign the various structure types any favourable or unfavourable grading, but Edwards (2021) has helped determine which structure types fall into the different stages of the traffic light grading used (Table 3.2). For example, tall and dense hedgerows which need no current management fall into the Green category (Table 3.2; Bickmore, 2002; Crossland et al., 2015; DEFRA, 2007; Dursun, 2012; National Grid, 2014; PTES, 2016; Edwards, 2021). Untrimmed without growth is classed as Amber, as being untrimmed can be beneficial to wildlife and causes no immediate concerns to hedgerows condition but will eventually need cutting back to maintain the typical ‘hedge like’ structure. Tall and leggy hedgerows are classed Red as their condition would not change or improve without management. 
Several studies use the unadapted version of the DEFRA guidelines such as Armstrong, (2014), Crossland et al., (2015), Britt et al., (2011), which allows for a better comparison of data from across the county as the parameters remain the same but on a local scale may not be completely reflective of local hedgerow condition. DEFRAs survey guidelines have not been updated since it was published in 2007, with new research being published annually and climate change becoming an increasing concern, some of the parameters would need to be reviewed to become more reflective of the current environmental status. National hedgerow surveys are being conducted with less frequency from 1984, 1990,1998 2007 and 2020, which allows for less decisive and appropriate action in the constant battle with hedgerow loss and degrading quality (What the Science Says, 2020). Peoples Trust for Endangered Species (PTES) pushed for landowners, wildlife groups and anyone interested in ‘health checking’ hedgerows to get involved in the Great British Hedgerow Survey 2020, the results show the UKs current hedgerow status and help inform better policies and guidance for landowners looking to improve hedge quality for biodiversity and conservation (What the Science Says, 2020). Results of this study have not yet been made publicly available, so no conclusions can be drawn on the current trend in hedgerow condition in the UK and if the current recommended management practices, policies, legislation, incentives and other factors of having an effect. 
4.2 [bookmark: _Toc100136521]Traffic Light Survey Analysis
A traffic light survey has been used to colour code hedgerow management urgency in this study. A quick search on Google Scholar will reveal that none to very few studies (depending on the subject field), have used traffic light systems in their research particularly in relation to the environment sector. Colour coding used on packaging in the food industry is the best example of a traffic light system; Green is good, Red is warning, and Amber is a somewhere in between (Food Standards Agency, 2022). It is a transferable message particularly when it comes to condition grading hedgerows, and this is where its main value comes from as it allows for a rapid assessment of condition grading. Only one case could be located in the research where a traffic light system had been applied to condition grading hedgerows into two categories Red for poor and Green for good (Coed Cymru, 2017). In this study, Table 4.1 highlights the condition grades in the study area by methodology type: Aerial satellite, Drone and Ground for each hedgerow feature and colour coded based on the provided traffic light grading; Red, unfavourable condition and needs urgent management, Amber, average condition where some aspects may need management in the near future and Green, favourable condition and needs no current management. 
[bookmark: _Hlk100135799][bookmark: _Hlk92972631]Table 4.1. Traffic Light Grading Results. The following table shows the assigned condition grade for integrity, height and width at each site for Aerial satellite, Drone and Ground survey method. Table compares results from the parameters agreed with the hedgerow expert and DEFRAs Survey Guidelines. 3 (Green) indicates a favourable condition for that feature, 2 (Amber) indicates a hedge in need of management in the near future, 1 (Red) indicates that urgent action is needed to prevent the loss of a hedge and 0 indicates that there was no viable data to collect or there was no hedgerow present to survey. HR refers to the hedgerow number, IHT refers to Isolated Hedgerow Tree and Aerial (A), Drone (D), and Ground (G).
	[bookmark: _Hlk91587701]Site A
	Structure 
	Integrity
	IHT
	Width
	Height
	Management

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	2
	1
	1
	3
	3
	3
	3
	3
	3
	3
	0
	0
	0
	0
	0
	2
	1
	1

	HR2
	3
	3
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	3
	3
	3

	HR3
	3
	1
	2
	3
	3
	3
	3
	3
	3
	3
	2
	3
	0
	2
	2
	3
	3
	3

	HR4
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	3
	3
	3

	HR5
	3
	2
	1
	3
	3
	3
	3
	3
	3
	2
	2
	2
	0
	2
	3
	3
	3
	2

	HR6
	3
	3
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	3
	3
	3

	HR7
	2
	2
	2
	3
	3
	3
	1
	3
	1
	3
	3
	3
	0
	3
	3
	2
	2
	2

	HR8
	3
	2
	2
	3
	3
	3
	1
	3
	3
	3
	3
	3
	0
	3
	3
	3
	2
	2

	HR9
	3
	3
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	3
	3
	3

	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 

	Site B
	Structure 
	Integrity
	IHT
	Width
	Height 
	Management

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	1
	1
	1
	3
	0
	0
	3
	3
	3
	3
	0
	0
	0
	0
	0
	3
	1
	1

	HR2
	2
	2
	2
	3
	0
	3
	3
	3
	3
	3
	0
	2
	0
	0
	2
	2
	1
	1

	HR3
	1
	2
	2
	3
	2
	3
	3
	3
	3
	2
	2
	2
	0
	2
	2
	2
	3
	3

	HR4
	1
	1
	1
	3
	0
	0
	3
	3
	3
	2
	0
	0
	0
	0
	0
	2
	3
	3

	HR5
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	2
	3
	3

	HR6
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	2
	3
	0
	3
	3
	2
	1
	1

	HR7
	2
	2
	2
	3
	2
	1
	1
	3
	3
	3
	3
	3
	0
	2
	2
	2
	2
	2

	HR8
	2
	2
	2
	3
	1
	1
	1
	3
	3
	2
	2
	2
	0
	2
	3
	2
	2
	2

	HR9
	1
	1
	1
	1
	1
	1
	3
	3
	3
	1
	1
	1
	0
	1
	1
	1
	1
	1

	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 
	
	
	 

	Site C
	Structure 
	Integrity
	IHT
	Width
	Height
	Management 

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	2
	2
	0
	2
	3
	3
	3
	3

	HR2
	2
	2
	2
	3
	3
	3
	3
	2
	1
	3
	3
	3
	0
	3
	3
	2
	2
	2

	HR3
	2
	2
	2
	0
	0
	0
	0
	0
	 0
	0
	0
	0
	0
	0
	0
	1
	1
	1

	HR4
	3
	3
	3
	3
	3
	3
	3
	3
	3
	2
	2
	3
	0
	2
	3
	3
	2
	2

	HR5
	3
	3
	1
	3
	3
	3
	3
	3
	3
	2
	2
	2
	0
	2
	2
	3
	2
	2

	HR6
	2
	2
	2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	2
	3
	3

	HR7
	3
	3
	3
	3
	3
	3
	3
	3
	3
	2
	3
	3
	0
	2
	3
	3
	3
	3

	HR8
	3
	2
	2
	3
	3
	3
	3
	3
	3
	3
	2
	2
	0
	3
	3
	3
	2
	3

	HR9
	1
	2
	3
	3
	3
	3
	3
	3
	3
	2
	2
	2
	0
	2
	3
	3
	2
	2





[bookmark: _Toc100136522]4.3 Statistical Analysis 
Statistical analysis is based on the data proved in Table 4.1 but is converted into percentages using the following formular (value/total value)×100% (CueMath, 2021). Converting the results into percentages allows the data to be compared statistically and has been used in several studies particularly for accessing the percentages of gaps (Britt et al., 2011; Dursun, 2012). For the purpose of this study, it will accurately determine the viability of the results and by extension the survey developed for the purpose of this study.
[bookmark: _Toc100136523]4.3.1 Statistical Parameter Comparison 
This section investigates the differences between the standard DEFRA Survey Guidelines and the expert opinion discussed in section 4.1, with the aim of determining if the change in parameters effects the condition grade of the hedgerow or features investigated. Both the original traffic light survey and the statistical analysis are available in this section to compare the results. 














[bookmark: _Hlk100135817]Table 4.2. Parameter Comparison: DEFRA vs Expert. The following table shows the assigned condition grade for integrity, height and width at each site for Aerial satellite, Drone and Ground survey method. Table compares results from the parameters agreed with the hedgerow expert and DEFRAs Survey Guidelines. 3 (Green) indicates a favourable condition for that feature, 2 (Amber) indicates a hedge in need of management in the near future, 1 (Red) indicates that urgent action is needed to prevent the loss of a hedge and 0 indicates that there was no viable data to collect or there was no hedgerow present to survey. HR refers to the hedgerow number, IHT refers to Isolated Hedgerow Tree and Aerial (A), Drone (D), and Ground (G).
	Site A
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	3
	3
	3
	3
	3
	3
	3
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	0

	HR2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR3
	3
	3
	3
	3
	3
	3
	3
	2
	3
	3
	3
	3
	0
	2
	2
	0
	3
	3

	HR4
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR5
	3
	3
	3
	3
	3
	3
	2
	2
	2
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR6
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR7
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR8
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR9
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	2
	3
	0
	3
	3

	 
	
	
	
	
	
	
	
	
	 
	
	
	 
	
	
	 
	
	
	 

	Site B
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	3
	0
	0
	3
	0
	0
	3
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	0

	HR2
	3
	0
	3
	3
	0
	3
	3
	0
	2
	3
	0
	3
	0
	0
	2
	0
	0
	3

	HR3
	3
	2
	3
	3
	3
	3
	2
	2
	2
	3
	3
	3
	0
	2
	2
	0
	3
	3

	HR4
	3
	0
	0
	3
	0
	0
	2
	0
	0
	3
	0
	0
	0
	0
	0
	0
	0
	0

	HR5
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR6
	3
	3
	3
	3
	3
	3
	3
	2
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR7
	3
	2
	1
	3
	2
	2
	3
	3
	3
	3
	3
	3
	0
	2
	2
	0
	3
	3

	HR8
	3
	1
	1
	3
	1
	3
	2
	2
	2
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR9
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	

	Site C
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G
	A
	D
	G

	HR1
	3
	3
	3
	3
	3
	3
	3
	2
	2
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HR4
	3
	3
	3
	3
	3
	3
	2
	2
	3
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR5
	3
	3
	3
	3
	3
	3
	2
	2
	2
	3
	3
	3
	0
	2
	2
	0
	3
	3

	HR6
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR7
	3
	3
	3
	3
	3
	3
	2
	3
	3
	3
	3
	3
	0
	2
	3
	0
	3
	3

	HR8
	3
	3
	3
	3
	3
	3
	3
	2
	2
	3
	3
	3
	0
	3
	3
	0
	3
	3

	HR9
	3
	3
	3
	3
	3
	3
	2
	2
	2
	3
	3
	3
	0
	2
	3
	0
	3
	3





[bookmark: _Hlk100135834]Table 4.3. Parameter Comparison Statistical Analysis. This combines each of the hedgerows investigated by Site to determine the overall hedgerow condition by three hedgerow type for each methodology. Hedgerows scoring above 70% are considered favourable and are colour coded using the traffic light system. Amber for percentages between 40-69.9% and Red for hedgerows scoring below 39.9%.  By only colour coding the ground methodology it allows a better visual comparison of aerial and drone results to the ground method. Hedgerows within a 10% difference compared to the ground data are considered acceptable and mark the threshold any % over is considered less reliable (% variances are not shown in this table must be self-calculated).
	Parameter Comparison Total Average % by Feature Type 

	[bookmark: _Hlk92443508]Site A
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	Aerial
	100
	100
	96.2
	100
	0
	0

	Drone
	100
	100
	81.4
	88.8
	70.3
	88.8

	Ground
	100
	100
	85.1
	88.8
	85.1
	88.8

	

	Site B
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	Aerial
	92.5
	95.5
	81.4
	95.5
	0
	0

	Drone
	44.4
	48.1
	48.1
	59.2
	48.1
	55.5

	Ground
	55.5
	66.6
	59.2
	70.3
	59.2
	70.3

	

	Site C
	Integrity
	Width
	Height

	
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	Aerial
	88.8
	88.8
	74
	88.8
	0
	0

	Drone
	88.8
	88.8
	70.3
	88.8
	85.1
	88.8

	Ground
	88.8
	88.8
	74
	88.8
	70.3
	88.8



	Parameter comparison All hedgerows surveyed as condition percentage %

	
	Integrity
	Width
	Height

	All sites
	Expert
	DEFRA
	Expert
	DEFRA
	Expert
	DEFRA

	Aerial
	93.8
	93.8
	83.9
	93.8
	0
	0

	Drone
	77.7
	79
	66.6
	79.0
	62.9
	79

	Ground
	81.4
	85.1
	72.8
	82.7
	76.5
	82.7










[bookmark: _Hlk100851665]Information quickly extracted from Table 4.2 includes a lot of green hedgerows across all the features, Site B HR 9 shows a lot of Red across the hedgerow features and there are discrepancies between the expert and DEFRA particularly with height and width at several sites including, Site A Hr 5, Site B Hr 3 and Site C Hr 5 to name a few. If the table is broken down statistically, Table 4.3 shows the hedgerow results categorised into sites by hedgerow feature comparing expert and DEFRA parameters. Results showed the condition grading improved more using the DEFRA parameters as the thresholds for a favourable condition are lower compared the expert’s recommendations. Which given the altercations were marginal it shows that the changes will still influence the hedgerow condition grade assigned but not on as many hedgerows as expected (Table 3.2). This may be due to the hedgerows surveyed across the 3 sites being in better condition than expected but applying the differences across all the KM of hedgerow available at the site and on Gower in general could add up to some significant changes. For example, using ground survey data as it was the most accurate method for determining hedgerow condition, Site B shows the best example where width graded expert 59.2% compared to DEFRAs 70.3% and in height expert 59.2% compared to DEFRAs 70.3% (Table 4.3). Although the individual breakdown by site shows some features falling into the different categories of the traffic light survey when averaged out across all the sites all the features fell into a favourable condition grade regardless of the parameters used (Table 4.3). Table 4.3 could also be statistically broken down by individual HR numbers (similar to Table 4.4) to identify statistically which individual hedgerows need management and for what feature type but for the purposes of just demonstrating the variances between expert and DEFRA parameters this was deemed unnecessary. Analysis of the differences between DEFRA and expert parameters in relation to the assessment of hedgerow features for determining hedgerow condition are discussed in Sections 4.5.2 and 4.5.4. 






[bookmark: _Toc100136524]4.3.2 Method Type and Hedgerow Feature Statistical Analysis
Each of the following Tables focuses on a specific field or perspective; Table 4.4 looks at the statistical results of each hedgerow investigated by combining each of the individual features investigated and is broken down by site and method type for a data comparison. Table 4.5 shows the statistical results for each site by method and feature type by combining the hedgerows surveyed, which will be more valuable for analysing the use of the individual features investigated in this study. The two tables show the same results but are either broken down by individual hedgerow investigated or by features type and each has its merits depending on what information needs to be extracted. Table 4.4 mainly demonstrates proof of principle that the data can be manipulated to analyse the results by the individual hedgerow surveyed rather that by feature type. Primary analysis will focus on the breakdown by hedgerow feature as this is part of objective 2; to identify what features are key to identifying hedgerow condition and if the accuracy of the information collected changes by method type. If the hedgerows investigated had one or two poorly graded features and the rest are in a favourable condition the average percentage may still balance out into an Amber or even Green condition grade, which is why the traffic light Table (Table 4.1) are valuable for identifying hedgerow condition quickly and identifying what specific features need urgent management by method type and site.











[bookmark: _Hlk100135863]Table 4.4. Individual Hedgerow Condition. This combines each of the features investigated to determine the condition of each hedgerow investigated by site and methodology. Any hedges scoring above 70% are considered favourable and are colour coded using the traffic light system. Amber for percentages between 40-69.9% and Red for hedgerows scoring below 39.9% By only colour coding the ground methodology it allows a better visual comparison of aerial and drone results to the ground method. Percentage variance is available for aerial and drone data compared the ground methodology and the accuracy of the percentage difference. Hedgerows within a 10% difference compared to the ground data are considered acceptable and mark the threshold any % over is considered less reliable. HR refers to the hedgerow number.
	


Method
	
	
	Total % by Individual Hedgerow
	

	
	Site A
	% Variance compared 
to ground
	Site B
	% Variance compared to ground
	Site C
	% Variance compared to ground

	HR1
	Aerial
	72.2
	27.8
	72.2
	44.5
	83.3
	11.1

	
	Drone
	44.4
	0
	27.7
	0
	88.8
	5.6

	
	Ground
	44.4
	
	27.7
	
	94.4
	

	HR2
	Aerial
	 83.3
	11.1
	72.2
	0
	72.2
	5.5

	
	Drone
	100
	5.6
	33.3
	38.9
	83.3
	5.6

	
	Ground
	94.4
	
	72.2
	
	77.7
	

	HR3
	Aerial
	83.3
	11.1
	61.1
	22.2
	16.6
	0

	
	Drone
	77.7
	16.7
	77.7
	5.6
	16.6
	0

	
	Ground
	94.4
	
	83.3
	
	16.6
	

	HR4
	Aerial
	83.3
	16.7
	61.1
	22.3
	77.7
	16.7

	
	Drone
	94.4
	5.6
	38.8
	0
	88.8
	5.6

	
	Ground
	100
	
	38.8
	
	94.4
	

	HR5
	Aerial
	77.7
	0
	72.2
	27.8
	72.2
	0

	
	Drone
	83.3
	5.6
	100
	0
	83.3
	11.1

	
	Ground
	77.7
	
	100
	
	72.2
	

	HR6
	Aerial
	94.4
	0
	72.2
	16.6
	72.2
	22.2

	
	Drone
	94.4
	0
	83.3
	5.5
	94.4
	0

	
	Ground
	94.4
	
	88.8
	
	94.4
	

	HR7
	Aerial
	61.1
	16.6
	61.1
	11.1
	77.7
	22.3

	
	Drone
	88.8
	11.1
	77.7
	5.5
	94.4
	5.6

	
	Ground
	77.7
	
	72.2
	
	100
	

	HR8
	Aerial
	72.2
	16.6
	61.1
	11.1
	83.3
	5.5

	
	Drone
	88.8
	0
	66.6
	5.6
	83.3
	5.5

	
	Ground
	88.8
	
	72.2
	
	88.8
	

	HR9
	Aerial
	83.3
	11.1
	44.4
	0
	66.6
	22.2

	
	Drone
	94.4
	0
	44.4
	0
	77.7
	11.1

	
	Ground
	94.4
	
	44.4
	
	88.8
	








[bookmark: _Hlk100136003]Table 4.5. Hedgerow Condition by Feature Type. This combines each of the hedgerows investigated by Site to determine the overall hedgerow condition by feature type for each methodology. Any hedges scoring above 70% are considered favourable and are colour coded using the traffic light system. Amber for percentages between 40-69.9% and Red for hedgerows scoring below 39.9%.  By only colour coding the ground methodology it allows a better visual comparison of aerial and drone results to the ground method. Hedgerows within a 10% difference compared to the ground data are considered acceptable and mark the threshold any % over is considered less reliable (% variances are not shown in this table). IHT refers to Isolated Hedgerow Tree. HR refers to the hedgerow number.
[bookmark: _Hlk92972269]Total Average % by Feature Type
	Site A
	Structure
	Integrity
	IHT
	Width
	Height
	Management

	Aerial
	92.5 (29.6)
	100
	85.1
	96.2
	0
	92.5

	Drone
	74 (11.1)
	100
	100
	81.4
	70.3
	85.1

	Ground
	62.9
	100
	92.5
	85.1
	85.1
	81.4



	Site B
	Structure
	Integrity
	IHT
	Width
	Height
	Management

	Aerial
	51.8 (11.1)
	92.5
	85.1
	81.4
	0
	66.6

	Drone
	62.9
	44.4
	100
	48.1
	48.1
	62.9

	Ground
	62.9
	55.5
	100
	59.2
	59.2
	62.9



	Site C
	Structure
	Integrity
	IHT
	Width
	Height
	Management

	Aerial
	81.4 (3.7)
	88.8
	88.8
	74
	0
	85.1

	Drone
	81.4 (3.7)
	88.8
	85.1
	70.3
	85.1
	74

	Ground
	77.7
	88.8
	81.4
	74
	70.3
	77.7



	Total Average % Hedgerow Condition by Feature Type

	
All Sites
	Structure
	Integrity
	IHT
	Width
	Height
	
Management

	Aerial
	75.3
	93.8
	86.4
	83.9
	0
	81.4

	Drone
	72.8
	77.7
	95
	66.6
	62.9
	74

	Ground
	67.9
	81.4
	91.3
	72.8
	76.5
	74











[bookmark: _Toc100136525]4.4 Methodology Comparison 
This section will compare the data presented in Tables 7 to 11 for a further analysis to determine which methods are most accurate for determining hedgerow condition and results will be compared to the surrounding literature to determine its accuracy and value when it comes to using the traffic light system and methodology type.
A traffic light table allows the reader to quickly locate what information is needed. For example, hedgerow features graded unfavourably will be Red and easy to identify with the assigned colour code and based on what method type, Aerial, drone or ground (Table 4.1). Condition grading hedgerows allows for a quick analysis of what management is needed based on the condition of the individual hedgerow feature (Dursun, 2012; Crossland et al., 2015; Coed Cymru, 2017). For example, Site B HR 9 many of the features investigated are graded Red for unfavourable condition indicating that the entire hedgerow is in an unfavourable condition and is at risk of being lost (Table 4.4). Structure type is unfavourable, there are too many large gaps (by %) and the areas that are vegetated are not tall or wide enough to be of any significant conservation value. Suggesting that this may be a remnant hedge from the historical part of the Vile or it could be a hedgerow that was so badly damaged it has intentionally been removed to create a larger field for grazing sheep. Without having the full details of the landowner intentions for this hedge it would be difficult to recommend a course of management action for this particular hedgerow. With this hedgerow there were consistencies between all the surveying method types. Meaning its poor condition could be identified from the aerial satellite, drone and confirmed with a ground survey (Table 4.4). However, this is not the case with many of the other hedgerows surveyed. For example, there are inconsistencies between aerial satellite, drone and ground data collected for Site A HR one, structure type, Site B Hr 7 for integrity, Site C Hr 2 isolated hedgerow tree and Hr 9 structure, were the only records where the result completely varied by method type (Table 4.4). Several reasons could account for this including the reliability of the satellite imagery date and quality (Fennessy, Jacobs and Kentula, 2004; Deckers et al., 2005; DEFRA, 2007; Crossland et al., 2015). Satellite images are the most likely to be out of date as the imagery may only be updated every year or two and management work may have taken place on the hedge since. Satellite imagery quality also suffers as the images are taken from so far aware certain details can be difficult to determine. For example, Site B Hr 4 (Fig 4.1), satellite imagery showed an image of what appeared to be a hedgerow, but the drone and ground images showed that it is just a bank where a hedgerow would have once sat on top leading to an inaccurate assumption that a hedgerow was present. 
[bookmark: _Hlk100135893][image: A picture containing text, grass, outdoor, way

Description automatically generated]Fig 4.1. Aerial and Ground Image Comparison. Aerial, drone from top down indicated that there is no hedge present at this site. Aerial image is grainy and poor quality leading the surveyor to suspect that the bank is in fact a hedge.(Jenkins, 2021)
(Google Earth, 2021)

Although traffic light grading has been used in some research fields, it had not been used in any significant numbers in relation to condition grading hedgerows. This is where the core value of this study comes from, in the analysis of its application for determining hedgerow condition as a rapid survey technique (Coed Cymru, 2017; Food Standards Agency, 2022; Sheppard, 2021). Only one other study used a similar method, but it did not use the amber category and its hedgerow features investigated were categorised to differently to allow for an accurate comparison with the results of this study (Coed Cymru, 2017). Results of this study show that traffic light surveys can successfully be applied for the purpose of determining hedgerow condition. The threshold for the parameters can be easily amended to reflect the different categories red, amber and green, so that they can be as strict or laxed as the study requires. In this study the categorisation was determined by the hedgerow expert but additional discussions with other hedgerow experts could confirm an industry standard for others to use in future research in this study field. 
Accessing aerial, drone and ground imagery benefits the surveyor by beginning with a desktop study of a survey area and using satellite imagery to determine what areas would need closer inspection using a drone or ground survey (Fennessy, Jacobs and Kentula, 2004; Deckers et al., 2005; DEFRA, 2007; Crossland et al., 2015). All the Tables show an easy comparison between the methodology types from the traffic light survey to the statistical analysis. For example, drone data compared to the ground data collected proved to be the most reliable survey method after ground and out of all the hedgerows surveyed 81.4% of hedgerows were within the 10% threshold (Table 4.3). 
Wating for the appropriate weather conditions to be able to fly the drone safely was the greatest limitation faced with this method type (DJI, 2021). Dry sunny or overcast days proved the best conditions to avoid shadows and rain on the camera lens. Wind proved the most difficult weather to overcome as the drone capabilities state that less than 20mph winds provide the best results but lining this up on an exposed peninsular with being dry and sunny was the greatest challenge to overcome, especially with October-December being the recommended times of year to survey hedgerow structure (HedgeLink, 2021). Flying in higher winds can result in a grainer image reducing the quality and there is a risk the drone gets carried further with the wind (Orton et al., 2018; Afriansyah et al., 2019).
Aerial data collection was only accurate to 40.7% of hedgerows compared to the ground data collected (Table11). This could be attributed to the lack of experience from the surveyor in recognising certain features from the imagery or too much guess work was needed due to the grainy nature of the satellite images available or there being too much of a time delay between when the aerial images were taken and when the ground survey was conducted (Barr et al., 1990; De Blois, Domon and Bouchard, 2002; Rackham, 2010; Dursun, 2012; Crossland et al., 2015). However, it is most likely that only certain features could be identified from aerial imagery with any real accuracy. For example, hedgerow height was not available to collect from any site so was assigned a 0, when it could have met the minimum height requirements and contributed to improving hedgerow condition, a limitation for this method type (Table 4.5). Other features difficult to determine from aerial include, if any management activities had taken place. In general, some information could be gathered on the potential structure type which would indicate some management might have taken place and approximately how long ago, but the information is limited.

[bookmark: _Toc100136526]4.5 Hedgerow Feature Analysis
The following section will look at each of the hedgerow features investigated in this study. Features included were based on the value they contributed to hedgerow condition, based on the surrounding research, and the ability for these features to be identified by the survey methods used. Features were narrowed down to hedgerow structure, integrity, isolated hedgerow trees, height, width and management. Although hedgerow height could not be accurately determined by aerial satellite it was included as a feature because it is of value for determining hedgerow condition and could be calculated using both drone and ground survey methods. Other associated features were noted when observed but only briefly analysed in relation to management actions, to identify if there were any correlation between the presence of these features and the assigned hedgerow condition grade. Some of the features noted included, field margins, ditches, banks, fencing and others but to keep to the need for a rapid assessment they were left out of the main survey as they may not have featured on enough of the hedgerows surveyed for an accurate analysis in this study.
4.5.1 [bookmark: _Toc100136527]Structure
Statistical analysis of structure type was particularly difficult to determine using aerial satellite imagery as the image quality was too grainy to gain a particularly accurate assumption of the exact hedgerow structure observed (Table 4.5; Fig 4.1). Statistical analysis showed drone methodology was more accurate than satellite imagery but still far less accurate than ground methodology (Table 4.4; Table 4.5). Results showed when looking at all the hedgerows combine for all sites, the average percentage of hedgerow condition for structure type was 67.9% for ground, compared to aerial 75.3% and drone 72.8%. Both were within the 10% variance allowance, but aerial showed the greatest variance of 7.4% (Table 4.5). However, as the results are averaged out across all three sites the data becomes less representative. If the data is broken down by site, then aerial at Site A was the most inaccurate compared to ground with a 29.6% difference, Site B 11.1% and Site C 3.7% variance (Table 4.5). Drone data faired more accurate for determining structure with Site A having a 11.1% variance Site B 0% variance and Site C 3.7% variance compared to the ground data collected. 
Structure at Site A proved inaccurate when comparing aerial to ground imagery likely as Hr 1 was difficult to determine if there was a hedgerow present under the canopy of the woodland edge (Table 4.5; A:92.5%; G:62.9%). Research shows that many studies use aerial imagery to map hedgerow networks and to narrow down a focus area for further investigation a conclusion supported by the results of this study (Fennessy, Jacobs and Kentula, 2004; Deckers et al., 2005; DEFRA, 2007; Crossland et al., 2015). Although, if hedgerow height can be accurately calculated from satellite imagery, then perhaps the value of using this type of method for determining hedgerow condition would improve but further technology advancements are needed first. Results of this study support the theory that for identifying certain features like structure type is far more accurate by conducting drone or ground survey. From the breakdown of the individual structure types recorded, Fig 4.2 shows that largest hedgerow structure type recorded by a ground survey was untrimmed (56%) followed by trimmed and dense (18%). Untrimmed were graded as Amber as they are in the correct state for either flailing or laying (Edwards, 2021; HedgeLink, 2021). The hedgerows surveyed during this study may have been on the alternative year for flailing so have some evidence of regrowth before being re-flailed the following year. Site C Hr 6 showed the worst evidence of flailing damage likely due to it being several years since the hedgerow was managed based on the width of the cut stems, but as this hedge is bordering the property it is likely managed or not managed in this case by the neighbour of the owner of Site C (Fig 4.3). It is like due to the presence of so many untrimmed hedges documented in the study field that resulted in the overall condition grade for structure achieving an Amber status (Table 4.5; 67.9%). Untrimmed with outgrowth was 100% accurate between drone and ground surveys both recording 4%. Tall and leggy was comparable between aerial and ground with a 4% variance (A:15%; G:11%). Comparing the structure results to other research is difficult as only one other study (Coed Cymru, 2017) condition graded hedgerows using structure types but the methods and structure categories used were not similar enough for a direct comparison with the results of this study. Which again highlights the need for further research into the application of traffic light surveys as rapid surveys for determining hedgerow condition based on structure type along with other hedgerow features.
Several studies in the research field use the same structure types for documentation none have been assigned condition grades based on what structure types are present, meaning that the condition grade assigned in this study are determined by the hedgerow expert interviewed (Coed, Cymru, 221; Edwards 2021). Although laid hedgerows have been proven the most valuable for biodiversity, none were documented at any of the sites surveyed in this study. This does not mean that they were not present at any of the sites, they just were not in the hedgerows selected for surveying in the sampling protocol used, which was essential for avoiding any bias in the hedgerow selection. For example, Site B is part of an ancient farming system and is known to have several laid hedgerow systems, 450m of which were hedge-layed by the hedgerow expert interviewed as part of this study (PTES, 2014; Beech, 2017; Edwards, 2021; HedgeLink, 2021d; Wildlife Trust 2021). Concluding that aerial methodology is not reliable enough to determine the structure of a hedgerow for condition grading. Drone method was accurate within the 10% variance window to determine that it is a reliable method for determining hedgerow structure condition grade.Trimmed &Dense
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(Original Image, Jenkins, 2022)
[bookmark: _Hlk100135936]
Fig 4.2. Hedgerow Structure Type Pie Chart Diagram. Each method is represented by one pie chart showing the percentage of each hedgerow structure recorded across all hedgerows surveyed for all sites. 
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[bookmark: _Hlk100135964]Fig 4.3. Hedgerow Flailing Damage. Image shows the split stems damaged caused by flailing mature stems. The thicker the stem the greater the damage. Image is taken from Site C Hedgerow 6.
[bookmark: _Toc100136528]4.5.2 Integrity
Hedgerow integrity was the most accurately observed through all the methodology types investigated, aerial, drone and ground. Sites A and C were 100% compatible with both drone and ground surveys showing the same results. However, Site C had some inaccuracies attributed to the hedgerow bank being interpreted as a hedgerow for several of the sites when there was no hedgerows present (Table 4.1; Fig 4.1).  Overall, hedgerow integrity achieved an 81.4% ground condition score across all the sites (Table 4.5) with the individual break down in Table 4.1 highlighting the hedgerows in need of management and how urgently. Research shows that the connectivity and integrity of a hedgerow is essential for the protection and habitat range of many species (Britt et al., 2011; Sitzia et al., 2013; Van Der Zanden, Verburg and Mücher, 2013; Staley et al., 2015; Garratt et al., 2017; Graham, Gaulton, Gerard and Staley, 2018; HedgeLink, 2021d). Gaps that are considered too large (>3m) leave wildlife exposed to predation and becoming isolated in the landscape. Several studies use integrity as a core part of determining hedgerow condition and all follow the guidelines set by DEFRA for allowing 10% gaps in one 30m section of hedgerow surveyed (DEFRA, 2007; Britt et al., 2011; Dursun, 2012; National Grid, 2014; Crossland et al., 2015; HedgeLink, 2021d; PTES, 2021c;d). 
Parameters for integrity were determined by the hedgerow expert but showed marginal differences compared to DEFRA standards (Table 4.2 & 4.3). Results showed hedgerows graded better using the DEFRA parameters as the criteria needed was lower for each feature type. Sites A and B graded identical for each parameter and methodology type with Site B showing the greatest variances attributed to the lack of hedgerows present and the exposed nature of the peninsular. Hedgerow damage is expected but condition improved using the DEFRA parameters compared to the stricter expert parameters with a ground data having a variance of 11.1% (Table 4.5; E:55.5%; G:66.6%). Recommendation includes planting up of gaps and the creation of new hedgerows to connect existing hedgerows. Government subsidies from Glastir are currently available for new hedgerow creations, but the trees provided are not to be used for planting up of gaps in existing hedgerows (Welsh Government, 2015). Separate funding should be available for this as some damaged hedgerow could be of greater conservation value but are at risk if landowners cannot afford the cost of the repairs (Davies, 2021; Woodland Trust, 2021). Concluding that on average aerial was just outside of the 10% allowance for determining integrity accuracy with 12% variance compared to ground data. Drone data was considered reliable for determining hedgerow integrity with only a 3.7% variance compared to the ground data. 
[bookmark: _Toc100136529]4.5.3 Isolated Hedgerow Trees
Isolated hedgerow trees were the most difficult feature to quantify in this study as not every 30m section of surveyed hedgerow had to have a mature/veteran tree present to qualify as a favourable condition. DEFRA standards say a mature or veteran tree in every 100m is acceptable but as they recommend surveys to be completed as 30m sections of hedgerow, makes it difficult to quantify the threshold for a favourable condition (DEFRA, 2007; Coed Cymru, 2009; Crossland et al., 2015; HedgeLink, 2021d). However, Edwards (2021) suggest in this study’s location on Gower trees are even less common in hedgerows due to the exposed nature of the peninsular and as such exposed isolated trees are at the greatest risk of loss from storm damage or erosion (Barr and Sparks, 1995; Britt et al., 2011; Edwards, 2021). As a result, landowners should not be penalised if IHT are not present in the surveyed hedgerows but can still receive a negative grade if a lack of management has allowed the hedgerow to degrade or is at risk of degrading into a hedge or treeline (Edwards, 2021). Results showed that drone compared to ground data collected was 100% accurate for Sites B and C but A showed an inaccuracy of 3.8% which is still within an acceptable percentage margin (Table 4.5). Aerial compared to ground proved to be the most inconsistent where some trees presented as quite distinct on aerial imagery others were more difficult to determine as the canopy blended in with the hedgerow on young trees. When all the sites were averaged out the average percentage of IHT aerial compared to drone was still within an acceptable percentage accuracy of 4.1% and drone to ground with 2.5% accuracy (Table 4.5). Overall hedgerow condition achieved a favourable status based on the IHT surveyed (91.3%; Table 4.5) with only 2 hedgerows grading as unfavourable and in need of urgent management (Site A Hr 7 and Site C Hr 2; Table 4.5). Concluding that aerial (4.9% variance of ground) and drone (3.7% variance of the ground) methodologies were both reliable for identifying isolated hedgerow trees and were of value contributing to overall hedgerow condition.
[bookmark: _Toc100136530]4.5.4 Dimensions
Parameters for height and width were originally based on DEFRA’s 1m minimum requirement for height and 1.5m for width, these parameters have been used in several studies across the UK as a result hedgerow conditions graded across the county will be comparable using these results  (DEFRA, 2007; Gelling et al., 2007; Graham et al., 2018; Sitzia et al., 2013; Crossland et al., 2015; HedgeLink, 2021d; PTES, 2016, 2021c;d). However, following an interview with Edwards (2021) the parameters were adapted slightly to better represent the traffic light system and highlight hedgerows in need of urgent management (<0.9m Red), in need management in the near future (1.1-2.9m Amber) and in need of no current management to reach the desired height and width (>3m Green; Appendix 6; Edwards, 2021). Based on the newly amended parameters, Table 4.5 shows that across the whole survey field, hedgerow width averaged a 72.8% favourable condition score based on the ground survey results. Most comparable with aerial being within a 11.1% range and drone 6.2%. Drone was the most difficult to accurately measure as width was estimated whereas, with aerial the width can be measured using the tools on Google Earth. Breaking the results down by site, Site C showed the most comparable results between aerial, drone and ground with ground and drone both achieving a favourable 70.3% and aerial 74%. Inaccuracy between the drone data could be the result of having to estimate the hedgerow width as no tools were available to accurately measure the distance.
The least comparable was Site B with condition grade achieving 59.2% based on the ground survey. Aerial was had a variance 22.2% of while drone 11.1% compared to the ground data (Table 4.5). Inaccuracies were attributed the assumption that hedgerows were present on several of the sites based on the assessment of poor-quality images. Other variances could be a result of the aerial data being slightly out of date and management taking place on the hedgerow between when the image was taken and when the drone/ground survey was conducted. For example, Site B Hr 4 there was only a historical hedgerow bank present determined by the ground survey compared to the assumption by aerial satellite and drone contained hedgerows (Table 4.4; 11).
Hedgerow height was not available to collect using aerial imagery as the image was 2D there was no way to determine this with any accuracy. Drone data had similar limitations as there were no tools available to accurately measure the height or width of the hedgerow. Certain features such as fence posts (if available) were used to gage the hedgerow height. Ground was the most accurate to measure using a 2m stick to calculate. Results showed that hedgerow height could have been underestimated by the surveyor resulting in shorter hedgerows than what is shown with the ground. In the whole survey field shown in Table 4.5, average hedgerow height achieved 76.5% favourable condition compared to 62.9% estimated by the drone method. Similar to width results, Site C showed the greatest inaccuracies due to the lack of hedgerows present (Table 4.5; D:48.1%; G:59.2%, variance of 11.1%). Site A had a variance of 14.3% results concluding that the height and width of a hedgerow cannot be accurately determined from aerial and drone but should give a reasonable indication that a hedgerow is present and an estimated height/width present. 
Amendments to the DEFRA parameters showed hedgerow width has the greatest variance when compared to ground data (E:72.8%; D:82.7%). Breaking the results down by Site A and B showed marginal differences between the parameter type and the methodology types but each remained in a favourable condition. Site B was the only site where hedgerow condition grade varied between parameter type for width (E:59.2%; D:70.3%) and height (E:59.2%; D:70.3%) using the most accurate ground methodology. Concluding that aerial methodology was considered unreliable for determining hedgerow condition for width and height. With width having a 11.1% variance just outside of the 10% allowance and height was unable to be determined from this method type. Drone was considered accurate for identifying hedgerow width having 6.2% variance compared to ground data and height was not considered reliable using a drone having a 13.6% variance compared to ground data. Concluding that hedgerow height cannot be accurately measured using aerial or drone (13.6%) methodologies, unless some technology advancements are developed in the future to allow for its accurate calculation. Hedgerow width can accurate be determined by drone (6.2%) but not by aerial as it was just outside the 10% variance allowance for accuracy (11.1%).
[bookmark: _Toc100136531]4.5.5 Management
Following an interview with the hedgerow expert, hedgerow management is arguably the most important aspect of grading hedgerow condition because without appropriate management the condition would lapse from a hedgerow to a hedge and eventually become lost (Edwards, 2021). Although any type of hedgerow regardless of its condition will have some value for wildlife, there are certain management practices that can increase hedgerow value for wildlife and conservation (Coed Cymru, 2009; PTES, 2014, 2016; Woodwise, 2014; Staley et al., 2015; Graham et al, 2018). Hedgelink (2021d;e), DEFRA (2007) and Edwards (2021) all agree that hedge-laying is the most beneficial practice as it creates density and encourages new vertical growth, but after speaking to the hedgerow expert there are very few people who choose to train in this niche field and the practice is at risk of becoming lost. If it was not for individual enthusiasts and local groups like the Gower Hedgerow Hub and others like it throughout the country, which teach these heritage skills to those who wish to learn, the practical skill could be lost (Edwards, 2021). 
Results showed overall that management across the three sites averaged out at favourable with 74% based on the ground data comparable with drone data (74%) but aerial scored higher with 81.4% so condition was likely overestimated using this method (Table 4.5). Table 4.4 and 11 show which individual hedgerow features need management attention and how urgently. If a hedgerow has graded poorly on structure or integrity it does not necessarily mean it has graded poorly in the management category as the hedgerow may have received recent management or the management may not be urgent. For example, Site 2 Hr 4 received a Red grading (ground data) as there was no hedgerow present and the management received a Green grade (ground data) The management of the hedgerow would depend on its intended purpose or its value. For example, the linear grassy banks observed on Gower may once have had a hedgerow sat upon them, but the National Trust may wish to maintain this relic feature as it is (National Trust, 2021). Planting new hedgerows on top may not be financially feasible when other established hedgerows may need priority for management and the new planted hedge may not take very well due to how exposed the site is to the elements. Hedgerow management grading has been based on the favourable practices recommended by the literature and expert opinion but is not comparable to any other studies as none have used the traffic light system for grading hedgerow condition especially in relation to the aerial, drone and ground methodologies investigated. 
One of the main management practices observed in the study field included alternate flailing, which according to the Edwards (2021) and HedgeLink (2021d;e) is a reasonable compromise for hedgerow cutting as landowners simply do not have the time of finances to lay their hedges especially when they can be responsible for 1000’s of km of hedgerows (Edwards, 2021). Even if hedge-laying only needs to be carried out every 5-20 years and a hedgerow only needs to be laid at least twice for it to maintain some of its conservation value, the process of hedge-laying can be length and time consuming usually meaning more costly. Landowners naturally chose alternate flailing because it saves cost on doing it annually but due to the financial cost farmers could leave the gap between flailing even longer. Resulting in thicker stems becoming severely damaged when the flailing is carried out again. This was observed at Site C Hr 6 (Fig 4.3), likely due to the fact the hedgerow is managed by a neighbour who only maintains his side so the current landowner left it several years before trimming it back where thick stems from 1-10cm were left cut and exposed along the hedgerow. The hedgerow still received a Green grade for management as it had been managed, if not in an ideal way, the hedgerow was not at risk of becoming loss or severely degraded (Table 4.1; Fig, 19). Several hedgerows were documented to have a gap of 1m or more planting up is typically recommended to fill the gap using native species as the hedgerow is unlikely to close the gap itself (Edwards, 2021; HedgeLink, 2021d;e). No hedgerow showed any evidence of being replanted in recent years. Fencing was documented along 70.3% of hedgerows surveyed and correlated with the adjacent field used for livestock grazing (85.1%; Table 4.6). Several hedgerows surveyed at Site B were graded Amber as needing management in the near future. An unexpected result as the site is management by the National Trust in the traditional farming practices linked to the natural heritage of the Vile (National Trust, 2021). Hedgerows graded Red or Amber are likely a result of the harsh environmental conditions on the most exposed part of the Vile rather than a lack of effective management (Table 4.1; 10; 11). Dry stone walls were on documented at Site B occurring on 0.74% of hedgerows (Table 4.6). Comparing the methodology types by site breakdown showed a reliable accuracy between drone and ground with 3.7 % variation for Site A and Site C and Site B 100% and aerial compared to ground with Site A 11.1%, Site B 3.7% and Site C 7.4%. Concluding aerial and drone methodologies were both considered reliable as both came in within the 10% variance allowance with aerial achieving within a 7.4% variance and drone data 100% compared to ground (Table 4.5). 



[bookmark: _Hlk100136059]Table 4.6. Additional Associated Hedgerow Features. Table below shows the documented associated features for each hedgerow surveyed. Note the associated features were only documented for the side of the hedgerow surveyed and not both sides. 
	
	Site A
	Fencing
	Bank
	Ditch
	Dry Stone Wall
	Stream
	Road/
Track
	Arable
	Live-
stock
	Field margin

	
	
	
	
	
	
	
	
	
	
	

	Hedgerow number
	1
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	2
	1
	1
	1
	 
	 
	 
	 
	1
	 

	
	3
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	4
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	5
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	6
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	7
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	8
	1
	 
	1
	 
	1
	1
	 
	1
	 

	
	9
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	Site B

	Hedgerow number
	1
	 
	1
	 
	 
	 
	 
	1
	 
	 

	
	2
	 
	1
	 
	 
	 
	 
	1
	 
	1

	
	3
	 
	1
	 
	 
	 
	 
	 
	 
	 

	
	4
	1
	1
	 
	1
	 
	 
	 
	 
	 

	
	5
	1
	 
	 
	 
	 
	 
	 
	1
	1

	
	6
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	7
	1
	1
	 
	 
	 
	 
	 
	1
	 

	
	8
	 
	1
	 
	 
	 
	1
	1
	1
	1

	
	9
	 
	 
	 
	1
	 
	 
	 
	1
	 

	
	Site C 

	Hedgerow number
	1
	1
	1
	 
	 
	 
	 
	1
	1
	 

	
	2
	 
	 
	 
	 
	 
	 
	 
	1
	 

	
	3
	1
	 
	 
	 
	 
	 
	 
	1
	 

	
	4
	 
	 
	 
	 
	 
	 
	 
	1
	 

	
	5
	1
	 
	 
	 
	 
	1
	 
	1
	 

	
	6
	1
	 
	1
	 
	 
	 
	 
	1
	 

	
	7
	1
	 
	 
	 
	 
	1
	 
	1
	 

	
	8
	1
	 
	 
	 
	 
	1
	 
	 
	 

	
	9
	 
	1
	 
	 
	 
	1
	 
	1
	 

	
	Total
	19
	9
	3
	2
	1
	6
	4
	23
	3

	
	Percentage %
	70.3
	33.3
	1.1
	0.74
	0.37
	2.2
	1.4
	85.1
	1.1





[bookmark: _Toc100136532]4.6 Focus for Policy
The value in surveying key hedgerow features come from their directly link to the habitat requirements of many native species (Dursun, 2012). A combination of favourable features will result in a species rich hedgerow and the more species rich a hedgerow the greater its conservation value (Barr and Sparks, 1995; Gelling, Macdonald and Mathews, 2007; Dursun, 2012; Armstrong, 2014; Dadam and Siriwardena, 2019). As UK legislation only mainly focuses on the protection ‘ancient’ or environmentally valuable hedgerows, which make up only a small percentage of the UK’s hedgerows this leaves others that have the potential to reach this status in time vulnerable to loss through poor management, development and/or climate change. 
Table 4.5 shows that as a percentage of all the hedgerow surveyed, the only feature in need of management is hedgerow structure but the breakdown per site shows specifically what feature needs management and at what site. Resulting in the more you look at the whole survey field the greater the average percentages are spread out and the more difficult it becomes to see where the management is needed. Post-BREXIT the UK has new control to better improve environmental quality and set the bar for environmental change. As hedgerows are a common feature in agricultural landscapes priority should be focused on better subsidies and access to knowledge and resources when it comes to managing hedgerow for conservation. 
Although, the legislation is in place to protect hedgerows there are several limitations: the threshold for the criteria has been reviewed several times suggesting it is not strict enough to protect all hedgerows (Table 2.2, Section 2.2.1). For example, the criteria combined only protects around 20% of hedgerow removal. Meaning the remaining 80% of a hedgerow is free for the owner to remove but would result in a diminished hedgerow network and ultimately the remaining 20% would be affected through the loss of connectivity (What the Science Says, 2020; Congreve, no date; Edwards, Leighton and Llewwllyn, 2006; DEFRA, 2007). Hedgerow Regulations 1997 only applies to farmed or agricultural landscape and do not protect important hedgerows on private residences, parks and/or gardens (Congreve, no date; Edwards, Leighton and Llewwllyn, 2006; DEFRA, 2007). Any hedgerow under 30 years old is excluded from the regulations, which is an oversight, especially if a hedgerow has been planted with several native woody species and managed in a way to benefit wildlife. Hedgerow Regulations 1997 may also neglect to include the landscape, cultural, environmental value and traditions and styles of hedgerows in a local area in its criteria meaning that these hedgerows are afforded no legal protection and could be removed. The regulations also do nothing to protect hedgerows from certain unsympathetic agricultural practices such as ploughing in fields too close to hedgerows that result in loss without direct removal. Local authorities (LA) are responsible for inspecting and approving hedgerow removal but are given no additional resources to carry out the work meaning hedgerows applied for removal may be surveyed at inappropriate times or year or may not even be inspected at all and are just approved for removal by the LA. Consequences of hedgerow removal without LA approval is not reflective of the potential damage caused.
[bookmark: _Hlk91669725][bookmark: _Hlk91669920]DEFRAs guidelines focus only on the biodiversity aspect of hedgerows but does not include or assess the cultural or historical aspect a hedgerow could play in the landscape of an area (Cornish Hedges Library, 2007). Additionally, hedgerows are only defined as such if they are over 20m in length. Which could exclude historically important hedgerows or hedgerows with significant ecological value, even if the hedgerow is cut off from the surrounding landscape. Hedgerows like this are vulnerable to removal as they would have no legal protection. Additionally, no guidance is provided the interpretation or presentation of the results based on data collected, leaving it open to interpretation by surveying body. Some data is suggested to be calculated into percentages, but the rest could result in a lack of standardisation and comparability been data collected by different surveying bodies.

Discussions with our hedgerow expert and the local landowners whose farms were surveyed have reviled issues with the LA handing out the subsidies for maintaining their hedgerows if they do not follow the very strict guidelines such as planting in exact locations as per the planning permission even 1-2m out and the subsidy would not be paid (Edwards, 2021). One of the reasons Site C was not enrolled in any such schemes was because the process was too long and complicated for his age (70’s) and the requirements were too restrictive to be practical to implement consistently over such a large site. However, results of this study showed that despite not being enrolled in any funding scheme the overall condition of the surveyed hedgerows was favourable.






[bookmark: _Toc100136533]4.7 Summary
Table 4.7 summarises the main points concluded from the analysis above with focus being paid to the methodology type and the individual features investigated. Results showed that aerial methodology was not accurate within the 10% variance allowance on enough of the selected features (50%), to conclude it a reliable method for identifying hedgerow condition (Table 4.8). Drone methodology was considered reliable as it graded within the 10% on all but height for the investigated hedgerow features (83.3%; Table 4.8).
[bookmark: _Hlk100136088]Table 4.7. Summary Table. Table 4.7 is a summary of the concluding point surrounding the main topic areas analysed in Section 4.
	Aerial Method

	Aerial is only valuable for identifying distinct gaps in hedgerow integrity, mature isolated hedgerow trees, width and the occasional associated hedgerow feature such as bank or ditch. As such aerial condition grading is not accurate within a reliable percentage when compared to drone and ground surveys so should be used to study whole networks and used to identify areas in need of possible further investigations.

		Drone Method

	Drone surveys proved more reliable with the accuracy of data collected compared to aerial data collection but still some inaccuracies occurred either due to operator error or image quality. Other difficulties came from the very strict weather conditions the drone was able to be flown in. Research indicates that the best time of year to survey hedgerow structure is between October and November when summer vegetation has begun to die back exposing the hedgerow structure beneath. However, autumn can prove to have some restrictive weather fronts during this time of year making it difficult to collect the data needed. Benefits include how quickly the drone data can be collected and overall cost was low.

	Ground Method

	Ground data collection was the most accurate method of data collection. However, it took the longest length of time to collect for just the sample sites, surveying the whole network would be too time consuming but using a drone to highlight areas in need of further investigation is recommended.  

	Hedgerow Features Investigated

	Although the selected associated hedgerow features investigated are proved valuable for condition grading hedgerows by the literature, results showed that hedgerow height was not able to be accurately determined by aerial or drone methodologies. Additional integrity, width, and height were not accurate enough to prove aerial a reliable method for condition grading these features. 

	Traffic Light Survey (Rapid Survey)

	Traffic light Survey proves valuable when applied to the hedgerow condition grade field. It makes the results easy to interpret and locating hedgerows in need of urgent management easy to locate. As it is also broken down by feature type investigated it is easy to determine what feature is in need of management and how urgently.

	Industry Standards verses Expert Opinion

	Although the results showed marginal differences by improving the parameters DEFRA should look to increase the minimum requirements for a favourable condition in its guidelines. This will ultimately improve hedgerow condition in the whole of the UK. Increasing the threshold for the parameters specifically for height 1.5m and width to 2m minimum could improve hedgerow heath across the country. These amendments would need to be updated in the DEFRA guidelines to ensure that hedgerow surveys across the country would remain comparable.




	Table 4.7 continued

	Focus for Policy

	Increase the protection for hedgerows that have the greatest potential to develop into ancient hedgerows based on their proximity to BAP priority species for conservation or heritage value. Make incentive schemes more accessible to all landowners. Offer landowners access to the skills such as hedge-laying and better reward farmers for this action. A hedgerow only needs to be laid a minimum of twice for its value to significantly increase. 



[bookmark: _Hlk100136114]Table 4.8. Hedgerow Condition Grading Summary. Ticks indicate method was accurate for determining hedgerow condition for each individual investigated feature that contributes to hedgerow condition. Crosses indicate that method or feature was not accurate for determining hedgerow condition. Based on results of Table 4.5. 
	
	Structure
	Integrity
	IHT
	Width
	Height
	Management
	Total

	Aerial
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	50%

	Drone
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	83.3%

	Ground
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	100%





















5.0 [bookmark: _Toc100136534] Conclusion
Hedgerows are an essential part of the landscape providing several functions including, flood and erosion prevention, wildlife corridors, carbon storage, seed banks, nesting and foraging habitat for wildlife and many more (Coed Cymru, 2009; WoodWise, 2014; Woodland Trust, 2014a; HedgeLink, 2021; PTES, 2021a). Understanding the full ecological value hedgerows have in the landscape, and threats to them, influence how they are managed and protected (DEFRA, 2007; Woodland Trust, 2014; Crossland et al., 2015; Wildlife Trust, 2015). Legislation afforded to hedgerows serves a basic function to protect hedgerows considered to be of significant value in the landscape leaving far more hedgerows vulnerable to loss (What the Science Says, 2020; Congreve, no date; Edwards, Leighton and Llewwllyn, 2006; DEFRA, 2007). Incentives need to be made more accessible to landowners and financial incentives increased to help improve the conservation value of hedgerows (Edwards, 2021). Penalties for non-compliance specifically resulting in the loss of valuable hedgerows must be harsher and more reflective of the damage caused (Cornish Hedges Library, 2007). Focus on education and knowledge sharing when it comes to favourable management practices of hedgerows is essential to good hedgerow practice in the future. 
Breaking down hedgerow condition based on its key associated features will determine what conservation management needs to be actioned to achieve and maintain a favourable hedgerow condition. Applying a traffic light system to condition grade key hedgerow features proved valuable for rapidly identifying what aspects of a hedgerow were graded unfavourably and how urgent the recommended management action needs to be carried out (Table 4.4). This method can also be applied to condition grading the whole hedgerow and is based on the breakdown of these features or expanded to include other features deemed valuable for determining hedgerow condition (Table 4.4; 4.5). Concluding that traffic light grading is a valuable resource for the ‘rapid assessment’ of hedgerows, but further research is needed to access its full benefits in the environmental sector. Hedgerow features investigated in this study overall proved valuable for determining hedgerow condition but did vary between the investigated survey methods. Ground surveys prove to be the most reliable method of collecting the necessary data, but aerial satellite and drone methods also have merit for mapping networks and identifying certain features of value for condition grading hedgerows; but work best for identifying areas that maybe in need of further investigations by ground survey method (Table 4.4; 4.5). 
Despite the benefits for hedgerows that stem from having more stringent parameters when it comes to classifying hedgerow condition, the changes implemented did not greatly impact on the results of this study (Table 4.2; 9). Based on the DEFRA verses hedgerow expert investigation, the change in parameters may have affected the condition grade of hedgerow heigh and width but had little impact or quantification with other hedgerow features. That result is based on the ground survey results as aerial and drone methods were both proven inaccurate for determining hedgerow condition for these features. This study highlighted that there is a gap in the knowledge when it comes to the application of traffic light surveys in relation to environmental assessment particularly for condition grading hedgerows and highlights the need for further research into its application as a ‘rapid assessment tool’. Additionally, the inclusion or classification of hedgerow features used to determine hedgerow condition grade in this study needs to be further researched to explore which method works best for determining hedgerow condition. 
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Fig 7.1. Identifying Linear Vegetation as a Hedgerow. Figure above uses a simple flow chart to identify if a linear feature can be classified as a hedgerow and if so what type (DEFRA, 2007).
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(DEFRA, 2007)
Fig 7.2. DEFRAs Hedgerow Survey Guidelines. Image shows the guidelines taken straight from the handbook available from the UK Government.
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Table 7.1. Common Hedge and hedgerow Management Practices. The following Table identifies what management practices can be associated with hedges including those carried out for conservation management.
	Flailing

	(Willet, no date[image: Ryetec SL420 Compact Tractor Hedgecutter  For Sale,Flail  Hedgecutter to fit Compact Tractor])

	Flailing is the mechanical machinery used to cut hedges across Europe. It is a quick and cost-effective means of managing large km of hedges in a timely and efficient manner. However, flailing can be very damaging to a hedge and cutting too frequently 1-3 years) leaves the vegetation very little time to recover and hedges can become very short and/or narrow leaving them of little value to wildlife (PTES, 2014; Woodland Trust, 2014; Crossland et al., 2015; Staley et al., 2015; Scholefield et al., 2016; Low Impact 2020; Graham et al., 2018; Dadam and Siriwardena, 2019).

	Hedge-laying

	
(DEFRA, 2007)

	A traditional practice used across Europe in varying styles and techniques (Staley et al., 2015; Graham et al., 2018). It involves diagonally cutting the vegetation near the base of the stand without cutting all the way through and leaning the vegetation over flat. This encourages new vertical growth across the stand allowing the hedge over time to become stronger and thicker. This technique is time consuming and requires more manpower and traditional knowledge to keep the local and/or regional styles but once done it needs little attention for 20-40 years.




	Fencing

	[image: A picture containing grass, outdoor, plant, field

Description automatically generated](IStockPhoto, 2015)
	Fencing is usually expensive and can be used as an alternative to hedgerows but can also be used to protect hedgerows in areas that are vulnerable to livestock damage, suffered storm damage, bank erosion, newly planted hedge and provide field margins. Two types are most common are the vertical pole with wire mesh and either with barbed wire or electrified to keep out livestock or wooden fence structures typically made from timber but occasionally hazel is used as it can be taken from a hedge during coppicing or hedge-laying and repurposed into a fence.





	Ditch Maintenance

	[image: © FLPA/REX/Shutterstock](Gilbert, 2019) 
	Ditches are valuable for preventing hedges from becoming waterlogged for extended periods of time and are considered valuable for invertebrate habitat provision (Edwards, 2006; Van Der Zanden, Verburg and Mücher, 2013; National Grid, 2014; Graham et al., 2018). They can either be located externally to a hedge of internally between two lines of hedges. Ditches can be vulnerable to erosion or livestock damage and result in the collapse at vulnerable sections of a hedge. Management can include removing washed up debris, deepening a ditch or replanting in areas of erosion.

	Bank Maintenance

	
(PTES, 2016)
	Hedges traditionally have been planted/created on top of banks or grass verges but not all modern hedges are sat on banks (Edwards, Leighton and Llewwllyn, 2006; DEFRA, 2007; Britt et al., 2011; HedgeLink, 2020; Wildlife Trust Wales, 2020). This is likely due to the time and cost involved in bank creation if there is not one already in place. This extra height has historically protected the hedge from flooding, livestock, and other types of damage. A bank is classified as a bank id it is higher than 25cm from the base but can extent to heights of over 1m (Adams, no date; PTES, 2016) Those that are may require some up-keep to prevent or restore damage caused. Exposed soils are particularly vulnerable and can be restored by reseeding native vegetation, or bank collapses would require rebuilding and compacting before reseeding.

	Hedgerow Trees

	[image: MOREhedges frequently asked questions - Woodland Trust](Woodland Trust, 2021) 
	While trees are valuable for the health of a hedge too many trees can cause gaps in a hedge beneath over time (DEFRA, 2007; Wehling and Diekmann, 2009; PTES, 2014; Woodland Trust, 2014; Dondina et al., 2016; Scholefield et al., 2016; HedeLink, 2020). Groups of trees within a hedge may need to be removed to prevent this. Young trees or saplings are a common feature in hedgerows and need little attention unless they are invasive or non-native species, become too numerous in proximity and begin to mature and cause problems. be planted in areas of hedge that have no trees. This helps to break up the mosaic and is beneficial for wildlife.

	Replanting Hedgerow 

	


[image: A picture containing grass, sky, outdoor, building

Description automatically generated] (The Newsroom, 2018)
	planting may be required to rejuvenate any gaps created or create new hedgerow corridors wildlife (Edwards, Leighton and Llewwllyn, 2006; Rackham, 2010; Sitzia et al., 2013; Woodland Trust, 2014; National Grid, 2014; Coed Cymru, 2015, 2016; Crossland et al., 2015; Heath et al., 2017; Graham et al., 2018; Dadam and Siriwardena, 2019). Woodland Trust provide hedgerow packs with suitable native species where the species provided depends on what type of hedge needs to be created e.g. edible hedge, starter, and traditional tree packages (Woodland Trust, 2021). Newly planted hedges are done so with the introduction of native tree saplings every 6 metres, which would be managed or removed after several years to allow other hedgerow trees to mature and become veteran trees (Crossland et al., 2015).

	Pollarding Hedgerow Trees

	
	Pollarding trees is a historical and traditional technique linked to when hedgerow and their trees were used as a source of fuel. It is this technique that gives trees their biological value. Cutting the crown off and leaving the stump about 1.8-4.5m from the ground allows the tree to regenerate much thicker crown and increases its habitat provision for wildlife, increases its resilience to storm damage and increases tree longevity by decades (Wildlife Trust, 2012; HedgeLink, 2020).

	Field Margin Provision

	[image: Field Boundary Technical Factsheets from FWAG - Margins in Grassland Fields](FWAG, 2004)
	Field margins are associated features with hedgerows and are highly beneficial for increasing the variety and abundance of plant species (Blois, Damon and Bouchard, 2002; Britt et al., 2011; Van Der Zanden, Verburg and Mücher, 2013; PTES, 2014:2020; Pasher, McGovern and Putinski, 2016; Heath et al., 2017; HedgeLink, 2020). They typically border a hedge on both sides with a width of up to 1 metre and be cut or grazed no more than one a year in the winter. In arable fields no protection is needed other than cutting but in fields commonly used for livestock a fence is needed to prevent over-grazing. 

	Good Practice

	Cutting in the right frequency or at the correct times of year in line with best practice guidelines (Woodland Trust, 2014; Crossland et al., 2015; Staley et al., 2015; Graham et al., 2018; Dadam and Siriwardena, 2019). Legislation is essential to hedgerow maintenance with minimal disruption to wildlife. Certain species like birds use hedgerows as hedgerows primary habitat for nesting during the warmer months. As there are several included in the BAP its recommended by DEFRA and conservation organisations to carry out any works in Autumn/winter seasons. If a hedge is cut every 1-3 years, it leaves very little time for the vegetation to recover and can leave it in a poor state of little conservation and wildlife value. Eutrophication is a common cause of hedgerow decline in the UK  as a result farmers are encouraged to avoid creating spray drift from chemical treatments i.e. stricter requirements are in place for conservation management (PTES, 2014). 
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Fig 7.3. Identifying Hedgerow Nodes. Green line indicates hedgerow network. Red circles indicate nodes where hedgerows connect the numbers refer to how many node or connecting hedgerows are present. If the gap between hedgerows in 20m or more then is not classed as part of the same hedge (PTES, 2016).
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Table 7.2. Health and Safety Risk Assessment. The following Table is an adapted version of the risk assessment provided by University of Wales Trinity Saint David’s, amended to suit the needs of the study of hedgerows on Gower.
	Department: Architecture, Built and Natural Environments 


	Task/Equipment/Activity: Hedgerow Survey. Walk hedgerows and assess conditions. 

	Location: Located across Gower

	Date of Assessment: 16-06-19

	Risk Assessment carried out by: Kristina Jenkins

	Who May be Harmed: Student


	HAZARD
	WHO IS AT RISK 
	RISK RATING
	CONTROL MEASURES
	FURTHER CONTROLS & ACTIONS
	By Whom
	By When

	Weather
Climate
Travel disruptions
Sudden changes in weather conditions
	Student
	Low
	-Consult daily weather forecast for the area before setting out
-If bad weather is forecast (Snow) then consider postponing trip 
-Weather conditions to be considered where long distance travelling is required
-Wear clothing suitable for the expected weather conditions, be prepared for sudden changes and where possible take additional clothing
-Use high factor sun protection cream (where required) and keep hydrated in hot weather
-Protect hands and feet against cold/wet conditions
	Careful selection of equipment to be used on the day
	Surveyor Kristina Jenkins
	The day before and on the morning of the practical work

	Slips, Trips and Falls (Same level)
	Student
	Low
	-Plan routes where possible to avoid the most uneven ground (if outdoors)
-Wear suitable footwear for the conditions and activities to be undertaken
-Light levels to be considered (early/late light levels will be poor/internal lighting)
-Take time to assess the environment and identify any unforeseen hazards/risks
	Assess new locations  on arrival and any unforeseen hazards/risks to be discussed with all concerned
	Surveyor Kristina Jenkins
	Prior to field work

	Contingency Planning
Terrorist Attack
Natural Disaster
Political Unrest
	Student
	Medium
	-Organiser to ensure there is a suitable plan in place to deal with an unforeseen incidents
-Explain the procedure to follow to  staff/students should an emergency situation arise 
-Ensure that office has a copy of the trip itinerary 
-Communicate what actions need to be taken should an emergency situation arise
	Communicate the actions to be taken in an emergency situation

	Surveyor Kristina Jenkins
	Prior to field work

	Isolation 
Difficulty summoning help 

	Student
	medium
	-Leave details of the field site, work schedule and contact details with colleagues’/university department prior to any trip commencing
-Specify the dates and times of departure and return
-Ensure a mobile phone is accessible or alternative (radio)
-Avoid Lone Working where possible.  If lone working cannot be avoided, ensure Lone Working procedures are implemented
	Ensure all staff/students have access to mobile phones and emergency contact numbers
	Surveyor Kristina Jenkins
	Prior to field work: work will be carried out as a pair when possible other days may require lone work

	Emergencies
Accidents
Medical Emergencies
Pre-existing medical conditions
	Student
	Low
	-First Aid trained member of staff to be present
-Provision of fully stocked First Aid kit
-Be aware of where medical supplies or treatments can be sought and received in the event of an emergency
-Prepare an emergency plan, which contains details of actions to be taken/persons to contact/nearest hospital etc.
-Have appropriate payment options available form medical treatment received
-Seek medical advice where required
-Carry written details of medical conditions, adequate supplies of prescribed medication, details of blood group etc.
-Share details of pre-existing medical conditions with colleagues where appropriate
-Report all accidents/incidents and near misses to health and safety department using online notification form
	
No further action required
	
Surveyor Kristina Jenkins 
	
No prior medical conditions. EFR trained

	Illness/Fatigue

	Student
	Low
	-First Aid cover to be accessible and appropriate for number in group
-Organiser/ Supervisor to have the means of summoning help (emergency services)
-Medical Questionnaires to be completed and held on file (confidential)
-First Aid kit to  be readily available
-Emergency contacts to be recorded and available
	No further action required
	Surveyor Kristina Jenkins
	Field work will only be carried when in full health

	Contact with animals, insects and reptiles
Allergies
Bites
Rabies
Stings
	Student
	Low
	-Do not approach animals, even if they appear domesticated
-Prior to travelling ensure inoculations are up to date 
-Research and be aware of local species and level of threat
-Ensure appropriate first aid provision is available
	No further action required
	Surveyor Kristina Jenkins
	Shouldn’t be an issue, adders are around on Gower but appropriate footwear and awareness will reduce the risk. Surveyor also had all vaccinations and up to date

	Lone Working
	Student
	Low
	-Avoid lone working where possible – work in pairs
-If lone working cannot be avoided, ensure appropriate communication plan is in place and adhered to
-Inform host of daily itinerary
-Ensure access to mobile phone (check battery life of phone before commencing work)
-Inform trip organiser if arranging own transport home or if you have to leave early
	No further action required
	Surveyor Kristina Jenkins
	Work will be carried out with a companion when possible but other lone days will occur

	Crime
Street crime
Local scams
Theft
Hotel room
security
Loss of documents 
	Student
	Low
	-Minimise amount of cash carried on person
-Do not wear expensive jewellery
-Make yourself aware of any common scams and think about how to react if you are approached
-Keep personal belongings close to person and secure
-Have emergency contact numbers available 
-Report to police if theft suspected
	No further action required
	N/A
	N/A



	Work activity being assessed:  :  Field Trip
	Location:  
	Assessment No: 

	Assessor: 
	Signed:     
	Date prepared: 
	Review date: 

	I have read and understand the requirements of this risk assessment.

	Name
	Signature
	Date

	Kristina Jenkins
	Kl Jenkins
	16-06-2020
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Table 7.3. Expert Interview. The following Table is a documentation of an informal Interview with Local Hedgerow Expert Malcom Edwards.
	Interview Questions

	Question 1

	Interview: 
“Could you tell me who you are and what experience you have with hedgerows and their conservation? How many years?”

	Expert: 
“More than 20 years, working on our family small holding with my brother. Who is 10 years older than me and he was taught by Vic Thomas who owned Llys Nini Farm before the RSCPC bought it. Vics farm is there and the M4 rips right up the middle and our farm is directly opposite. My brother started labouring for Vic, so a winter so later then Tom my brother was hedge-laying for Vic and Tom and I hedge laid our own smallholding then, our own Twelve acres. Yeah so that was the start of my experience of boundary management then and stock fencing because Tom and I would Stock fence and then when i was 14/25 I did my work experience with Dai Morris at Bishopswood. He’s a wood maker craftsman and he’s a hurdle maker. So when i was 15 he taught me how to coppice so I realised then the connection to what I was learning from Vic and coppice working and hedgerow management. I’ve been in the industry 25 years now and 20 of those as a contractor. “

	Question 2

	Interviewer: 
“So you’ve conducted survey work before, have you been using DEFRA standards for those? or can you remember what survey guide you used?”

	Expert:
“So it was whatever was laid down by the Long Forest project so they have a certain criteria that has to be met so we do a lot of surveys that specifying what was in there already. Whether it was fenced, what state it was in, whether it had been overgrazed or what states the banks were in, or if it was in disarray, whether it had been browsed, was there much regrowth, had it been flailed, had it been done twice a year or less. So really it was a mix match of my own knowledge of what hedgerow management should look like you know whether there’s pleachers in there, whether they had been laid high, whether there was anything in the bank. That thorne there is a good example and when you go up here there is an Oak that has been split in two different directions. That’s a mega old one that is older than her father and she’s in her 80’s. So her fathers work is that thorne there. This farm used to be a dairy farm and his hedge management used to be what kept the animals in so these are always the things I look for, im a nerd like that, because pretty much anywhere in Wales you drive you can see.”

	Question 3

	Interviewer:
“Do you think that enough data can be gathered from satellite imagery to determine a hedgerow condition? “

	Expert:
“You’d never be able to judge, I only know that Johns been around that and he’s a good farmer. I only know he’s hedgelaid his entire boundaries and all his internal things because he’s said but you couldn’t know. You can see gaps from a satellite, you can see where stock is getting through, but you couldn’t tell whether a stock fence had failed. You could use a drone. You could definitely rip a drone up a couple of hedgelines but you would still need spot checks to look at the internal structure of a hedge.”

	

Question 4

	Interviewer:
“With the DEFRA guidelines, this is what I have used to create this survey. However, the DEFRA Guidelines are very broad spectrum for anyone in the UK to use, so do you think as it is, it is suitable to be used on Gower or do you think it needs to be adapted?” 

	Expert:
“yes 100% it would have to be adapted. 

	Question 5

	Interview:
“Have you ever had to grade a hedgerow condition as part of your surveying?”

	Expert:
“No I’ve never had to determine a hedgerow condition just completing the general surveys.”

	Question 6

	Interview:
“What features can you identify from the aerial image example provided?”

	Expert:
“Well, they’re all connected. I can see the network. When it comes to biodiversity, I can see that it’s creating corridors so that’s great. Especially of these stock gates are made of timber that’s beneficial as well because wildlife likes to travel along the gates. There’s not a lot of standard trees but then that’s Gower. They look reasonably healthy to me, and I think its flail management, and these are obviously gone there used to be hedges there. I can see how wide they are, but I have no way of measuring that.”

	Question 7

	Interviewer:
“I’m going to go through the survey created now and get your feedback on how to tailor it be more reflective of Gower hedgerows. They’re colour coded from Green = 3 points, Amber = 2 points and Red=1 point with red needing urgent management, Amber getting to the point it needs management soon but isn’t emergent and red needs management now of the hedge is going to be lost or severely compromised. The first thing you can see is Structure. So Trimmed and dense how many points would you give that?

	Expert:
“I’d be putting that in the green. Yes very good for wildlife.”

	Interviewer:
Intensively managed?”

	Expert:
I’d be putting that in the red. If that’s Intensively managed and its got stock If your clawing at the feet of it especially on Gower eventually it’s just going to blow over. 

	Interviewer:
“Untrimmed?”

	Expert:
“Untrimmed, in some ways id put that in the red too because if they get top heavy, they’re just going to be ripped over by the wind but then they have to be untrimmed before you can lay them. I think Amber would be best then. Their better on bank and you’ll see a lot of intermittent stone walls which create great poets for wildlife to hide in.”

	Interviewer:
”Tall and leggy?”

	Expert:
“That will be in the red.”

	Interviewer:
“Trimmed with outgrowth?”

	Expert:
“That’s in the Amber category, I think. I think within all of these you’ve got to have recommendations because if you had trimmed with outgrowth then your recommendation would be to push the sides in but to leave the top to grow on because the outgrowth isn’t a bad thing. These hedges here have a lot of outgrowths the canopy is extending about 10=15 ft into the field and there is a method of pleaching that in the problem is you can add the outgrowth in but the thing is that it’s time consuming and no many people can do it.”

	Interviewer:
“Recently coppiced?” 

	Expert:
“Again, that’s going to be Amber because that’s going to want 5 years of growth before you can touch it again but it’s going to have to be stock proofed so your specification for that again is going to be management would have to have criteria on what to do. With the over stuff you need to take some of the weight off it, so you have a shorter stem then the pleach cut is more controllable to pull it in so the life force that’s going through the hinge that only has to punch the end of a 6 ft stem and then they start to regrow up. You’ve got to do a stop check also if you see this hedge here from satellite, you’re just going to see the canopy of the overgrowth of the hedge or tree as this one is but the tree has been formally managed maybe 80 or so years ago but you can’t see that from a satellite or if there is an actual hedge underneath.”

	Interviewer:
“Recently laid?”

	Expert: 
“Again though, it’s got to be said that I’ve seen recently laid hedges that then get flailed for the rest of their lives and that then kind of cancels out the work carried out because you’re just ending up with damaged ends and if you’re doing it twice a year you’re not giving it a chance to regenerate new growth it needs. So my point as a hedge layer is that I’d your lay a hedge you try and lay it once more in 5 years and obviously clip the sides a bit but let it establish its self again before you start hitting it with a tractor. I would give a newly laid hedge a Green but if it was one that had been laid a few years ago but hasn’t been laid again id give that a Amber because it needs doing again and id give it a red if it had been laid once but not touched for maybe over 10 years it’s not necessarily a bad hedge but it’s not in the best condition it could be so maybe another Amber for that. A lot of people think that once it’s been laid its job done but It’s the aftercare that gives a laid hedge its value. John Davies he won the class on Sunday for hedge-laying, 80 years old and he won it. A lot to learn from people like him. Clipping is a really good practice you clip it just above where it was cut the last time and it created more think stems. And keep it going on and it just gets denser.”

	Question 8

	Interviewer:
“In terms of dimensions, DEFRA states that for a hedge to be considered good quality, the average height of the hedge including the bank should be anything over 2m, do you agree with this assessment for Gower?”

	Expert:
“Well, that shows some limitations right there, so if you went to Pembrokeshire some of the banks there start at 3m tall and that doesn’t include the hedge. Devon and Cornwall are the same but for Gower I’d say to break it down into the colour codes I’d say, 3 points for a minimum of 3m high and wide and the reason for that is cattle aren’t meant to touch nose to nose for biohazard reasons. Amber maybe 2-3meters as the hedge is there but not as high as it needs to be yet. I’d give 1 point to less than 2 meters as there isn’t much hedge growth there and without fencing stock would just plough right through that.

	


Question 9

	Interviewer:
“DEFRA go on percentages for integrity and less than 10% gaps is considered favourable. So in a standard 30m section of hedge that’s a 3m gap total, which when you think about it is the average gap length for a gate or access point. Do you think this is suitable?”

	Expert:
“Well I’d say no based on its context if it’s a 30m section of hedge and you’ve got 3m gap together you can get an animal through that, that’s the only problem. I think it’s flawed a little if an animal can get through it and you’ve got hooves, the action of the hooves damages the base. You’ve got to think of casting up to protect and restore it, by using plants and soil. If it’s a gate that’s not part of a hedge specifically, it’s not hedge damage that needs fixing so why should it be included. 10% doesn’t seem like a lot of the overall hedge but it depends on how those gaps are presented. When you put it into context id be aiming for a lot less. I’d be aiming for gaps less than 1.5m as Green anything over just straight red. The shoulders of a cow can be 2m wide. If it calculates to less than 10% great but a single gap should be less than 1.5m. You’re only going to get this feedback by speaking to people on the ground and the work involved in plugging those gaps. Id probable suggest gaps should be less than 5% really. Hedges aren’t a priority to farmers it’s the turnover of stock that pays the bills. If you have a dairy farm to protect you hedge it either needs to be on a high bank or fenced but maintenance isn’t a priority and that just shows the pressures on farmers rather than the new necessity for biodiversity carbon sink and the fact that these are the arteries across green desserts that connect and support more wildlife particularly on Gower where it’s considered quite exposed to the sea air. So yeah, Green for less than 5%, Amber to 5-10% and everything over 3m is Red. I just think they’re outdated there’s no need for them to be that big”

	Interviewer:
“If you think about it that 3m must be as that standard because they include gates which are typically a 3m length as standard but perhaps when conducting hedgerow surveys they should begin on either side of the gate not have the gate in the middle that way the gaps would be more representative of the actual hedgerow that would need management.”

	Expert:
“Yeah, exactly that’s better. You’re on it. It’s all about the quality of the core of what you’re surveying for this.”

	Question 10

	Interviewer:
“How would you grade the inclusion of trees on Gower in this survey?”

	Expert:
“Trees as a standard don’t grow as well on Gower. Leave it in though they certainly have value within the hedgerow network. You can’t sting a Gower farmer with a red for not having trees because they are hard pushed to get them. You need elevated trees for birds of prey. So lets go with Green for no trees or just one tree, Amber there’s nothing id put in Amber. I think it might be a Green or Red category. I’d put red for numerous mature trees in proximity as it will start to compromise the structure of the hedge. It’s a real tricky one that unless a farmer plants a mature thorn or leaves a section of hedge grow on to get that undulation. You could do that for specified management on Gower is that select a thorn that you would want to become a standard, The vile for example the hedging on that, I laid a section on that runs down to fall bay, 250m at least, it was a beast, and it was all leaning out from where the wind hitting it and I had to bring it all in. I found a medieval plough share a piece of metal that had oxidized with a curved end and a socket hole for the handle. 

	



Question 11

	Interview:
“How would you assign the grade for management practices?”

	Expert

	“Well, you can reprimand farmers for flailing I think it is how they’re used. There is a big thing about them and us, you know were doing conservation work their doing destructive work I don’t think that’s the case. I think it’s about flailing within the specified season September to February and how close its being pushed. Id give Green to alternate flailing every other year. You would be able to recognise that on the ground you’d see the nodes. You could give Amber to flailing mature stems where the stems have split and obliterated. When there that big their ready for laying or can be cut back with a chainsaw but it all comes down to money or access to the knowledgeable crafts men. I’d give Green to planting up and casting up which the bank restoration using materials off the field and live stems to root it all together. Green for hedge-laying, particularly if it’s been laid more than once. Amber for a ditch to protect the hedge but not always necessary so no need for Green with that. Green for decent fencing. Amber is sort of stuff that doesn’t need immediate management. Flat out Red I would give to no fencing on a farm with cattle or any hedge that has visible gaps that need some restoration. Red Collapsed walls, poor after care of planting, herbicide application up onto the hedge bank. I’d put hedge margins in Amber because a lot of farmers have pasture, and the stock fences are sometimes up the bank rather than on the edge.

	Question 12

	Interviewer:
“Would you consider each of the contributing factors to be of equal value when it comes to grading the hedgerow condition”

	Expert:
“I think your correct the way you’ve arranged the second option. Although it has value, I don’t think trees are to the same value as all the others I would keep that at the bottom. I would put management at the top as you right that’s what is most critical because without it there wouldn’t be many hedges in a favourable condition. Integrity and structure and dimensions I would say are equal. 

	Question 13

	Interviewer:
“What methods of hedge laying are used on Gower?”

	Expert:
“Out there hedgelayers viewpoints on hedging on Gower is hedgerows are shit. The things that get the big hits are the stake and bound midland hedge-laying and not the Gower ones, With the Gower ones they have a completely different method of management. You saw on the weekend we work with all the plants that are there. If you look in the early edition of the BTCV Hedge-laying book 1976 version there are illustrated chats, there’s loads about hedge-laying in Wales and not much in England. It’s a great book, in the new version they have taken a lot of the Wales stuff out. There is a lot of thorn and ash on Gower but the ash is suffering a lot of dieback, 75% thorn bramble does really well and some elder.”

	Question 14

	Interviewer:
“How are traditional hedge-laying practices being encouraged on Gower with landowners? 

	Expert:
“Oh plenty. Obviously, we have the hedge-laying practices which have been carried on for over 60 year and you’ve got some farmers that are taking up volunteers to do planting and laying. Then you’ve got some farmers that are using the original maps and GPS reading to restoring hedges to bang on where there used to be. There isn’t any funding available specifically for Gower farmers, but the Gower Society were putting money in a pot towards volunteers to do hedgerow management. Pont is the meadows project who have taken over for the Gower Hedgerow Hub nut there isn’t masses at the minute. Its down to groups of people.”

	Question 15

	Interviewer:
“Do you think there Is there a reasonable up take with landowners to farm with conservation in mind with specific focus on hedgerows? Do you think landowners could be supported more? “

	Expert:
“There isn’t enough. An award system may motivate more farmers to get involved for being advocates for good practice. Particularly once it’s passed down through the generations. A lot of people want to be champions don’t they. Glastir are so tight when it comes to the measurement of a distance. If you’ve done a meter short of what they’ve grant funded you, they’ll dock it off the subsidy. I done a section of hedge laying an planting on my own land and it was their mapping error and they penalised me £450 off the whole grant. A huge number of farms that have had the same number of issues that I’ve had. They won’t use Glastir anymore. We were offered another 3 years of Glastir and we turned it down. They screwed us over, we were willing to do this work and to a high standard and they tucked us up. I think there needs to be an award system for farmers that are following right practice. Farmers need access to plants and more skilled crafts men because there aren’t enough of them. No on has time. This farm we are on is a prime example of having to adapt to the time is so they were working dairy in the early 30’s up until the 70’s and then they changed because the work was becoming to punishing transporting the mil into the village. 

	Question 16

	Interviewer:
“Do you think the legislation does enough to protect hedgerows?”

	Expert:
“No. Surveys need to be more reflective of different regions, Farmer’s priorities aren’t the hedgerows so there is no incentives for him to maintain them to a really high standard. There’s no economic value to it but somehow a balance must be returned. Critical arteries in the landscape.

	Question 17

	Interviewer:
“Do you think the finance schemes available to farmers to manage with conservation in mind are reflective of the amount of work involved? Is the cost worth the reward?”

	Expert:
“No. For that to work we need to have more tree nurseries to replace those sections of hedge that have been lost and the skill to be shared and encourage landowners to share the knowledge. There is a distinct lack of confidence in people that want to teach hedging or have a go because they might think their doing it wrong. Regional styles are really important to preserve, and you can see it in all these hedgerows, but people need to be encouraged to have a go. Many people can be taught to fell a tree and get a chainsaw licence but very few people are taught to pleach a tree or restore a hedge bank and I think if those practices are taught as broad scale as tree felling then were on to a winner. The pay for work involved is not reflective at all. It’s a lot of work and hedge-laying is only paid £3.90 per metre, and you have to work hard and fast for it to be worthwhile. It is not paid per hour. The right practices have to be encouraged.”

	Question 18

	Interviewer:
“Do you think that this type of hedgerow survey would have value in the industry?”

	Expert:
“Yes, without a doubt, as long as it is adapted to fit the needs of their Region you’re using in for. So, this is now tailored specifically for Gower but it wouldn’t be useful somewhere else. It would have to be adapted again.”





	Question 19

	Interviewer:
“Can you see any obvious limitations to the study and how would you overcome them?”

	Expert:
“Apart from tailoring in to suit the needs of a region. You not going to gain access to every landowners property on Gower to look at their hedgerows but if you can get enough representative data that would be suitable and manageable for a smaller study. If their subsidies are based on the condition of their hedgerows those farmers are going to be happy for you to look at their hedgerows but not many farmers are involved. Management will overcome many of the limitations to hedgerow condition.” 
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woodland

10 ~ NUTRIENT ENRICHMENT GROUND FLORA INDICATOR SPECIES

Estimate % cover of each species within a 2m wide band alongside the hedgerow
(o nearest 5%)

10a - Nettles |Side A|Side B[ 10b - Cleavers |Side A|Side 8| 10c - Docks ~ [Side A|Side B

11 - RECENTLY INTRODUCED, NON-NATIVE SPECIES

11a ~ RECENTLY INTRODUCED, NON-NATIVE GROUND FLORA SPECIES

Species Side A [ Side B

9% cover of introduced species in the

hedge-bottom (to nearest 5% or enter
just the name if <5%)
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11b — RECENTLY INTRODUCED, NON-NATIVE WOODY SPECIES

Species

Side A | Side B

% cover of introduced species in the

shrub layer (to nearest 5% o enter just

the name if <5%)

12 - HEDGEROW SHAPE — See also Part B section 192

‘What shape is the hedgerow? - Circle diagram of cross-section that most closely

resembles hedgerow.

X

a) Trimmed & dense

b) Intensively managed| ©) Untrimmed

d) Tall & legay

A

At

©) Untrimmed, with
outgrowth

(facing view)

1) Recently coppiced

9) Recently laid
(facing view)

h) Other - Sketch

13 - DIMENSIONS

13a - Average Height (m)
Excluding bank, to nearest 25cm

13b - Average Width (m)
At the widest point of canopy;
excluding bank, to nearest 25cm

14~ INTEGRITY ~ Continuity and height of canopy along hedgerow

142 - % GAPS - percentage gaps, to nearest 5%

14b - Any gaps >5m? (Y/N)

14c - Average height of base of
canopy (m) to nearest 25cm
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11b — RECENTLY INTRODUCED, NON-NATIVE WOODY SPECIES

Species

Side A | Side B

% cover of introduced species in the

shrub layer (to nearest 5% o enter just

the name if <5%)

12 - HEDGEROW SHAPE — See also Part B section 192

‘What shape is the hedgerow? - Circle diagram of cross-section that most closely

resembles hedgerow.

X

a) Trimmed & dense

b) Intensively managed| ©) Untrimmed

d) Tall & legay

A

At

©) Untrimmed, with
outgrowth

(facing view)

1) Recently coppiced

9) Recently laid
(facing view)

h) Other - Sketch

13 - DIMENSIONS

13a - Average Height (m)
Excluding bank, to nearest 25cm

13b - Average Width (m)
At the widest point of canopy;
excluding bank, to nearest 25cm

14~ INTEGRITY ~ Continuity and height of canopy along hedgerow

142 - % GAPS - percentage gaps, to nearest 5%

14b - Any gaps >5m? (Y/N)

14c - Average height of base of
canopy (m) to nearest 25cm
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16— NOTES — Whole hedgerow or 30m survey section

16A - Fauna (evidence of)

16b - Features (including evidence of recent planting)

16¢ - Photograph numbers (and locate on map)

30m SURVEY SECTION ONLY

17 -~ WOODY SPECIES IN 30m SURVEY SECTION ONLY — Add any others, including non-natives

Species o e Species S e
cover cover
Alder, common (Alnus glatinosa) Plom, wid (Pranus domestica)
“Apple, crab (Malus sylvestris Poplar, black (Populus nigra betufola]
Ash (Fraxinus excelsion) Privet, wid (igustrum vlgare)
“Aspen (Populus tremula] Rose, dog- (Rosa canin)
Beech (Fagus syvatica) ose,field- (Rosa arvenss)
Birch, downy (Befula_pubescens] Rose (Rosa 5p.)
Birch, siver (Befula pendu) Rowan (Sorbus aucuparial
Blackthorn (Prunus spinosa) Spindle (Wuorymus europacus)
Broom (Cytisus scoparius) Sycamore (Acer pseudoplatanus)
Buckthorn (Rhamnus cathartica) Wayfaring-tree (Vburnum fantana)
Cherry, wid (Prunus aviam) Wilow, grey (Salx cinerea)
Dogwood (Cornus sanguinea) Wilow, goat (Salx caprea)
Elder (Sambucus nigra)
Eim, Englsh (Umus procera)
Eim, viych (Uimus glabra)
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5 - ISOLATED HEDGEROW TREES ~ See also Part B section 21

Use one row per specimen or one row and a number if there are many individuals of the same
species in the same size class. Estimate DBH to nearest S5cm or nearest 1cm if DBH less than Scm.

Species

DBH
(cm)

Species

DBH
(cm)
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PART B — OPTIONAL ASSESSMENTS

18 — ASSOCIATED FEATURES

18a - Banks

Typical cross section of hedgerow-banks where present (please circle one)

a) Half-bank b) Full hedge-bank | ¢) Other (sketch)

Bank type and management

Bank type Bank Management
Stone | Farth None Fenced off | Grazed Mown/cut
Side A
Side B*
18b - Ditches/Streams
Side A Side B*

Ditch/stream — Width at base (m) to the nearest 25cm
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17— WOODY SPECIES IN 30m SURVEY SECTION ONLY — Add any others, including non-natives

(continued)
Shrubs Shrubs.
Spaces 5| Tees Spaces s |Tees

Elm, (Ulmus sp)

Gorse (Ulex europaeus)

Gorse, western (Ulex galli)

Guelder rose (Viburnum opulus)

Hawthorn (Crataegus sp)

Hazel (Corylus avellana)

Holly (lex aquifolium)

Hornbear (Carpinus betulus)

Lime, large-leaved
ilia platyohylos)

Lime, small-leaved (Tiia cordata)

Maple, field (Acer campestre)

Bramble (Rubus fruticosus 299,

Gak, pedunclate (Quercus robur)

Honeysuckle (Lonicera periclymenum)

Oak, sessile (Quercus petraea)

vy (Hedera helix)

Pear, (yrus communs sensu 310

Travellers-joy (Clematis vitalba)

Pine, Scots (Pinus sylvestris)

% Gaps/access openings
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19¢ - Margin/Headland Management

Average width (m) | Side A Side B+

Margin Management

Grazed Side A | Side B* | Cut Side A | Side B* | Unmanaged | Side A | Side B*

* Where visible

20 — GROUND FLORA SPECIES PER 30M

Species % cover | Species % cover
Q| Q@ Q1 Q2

Agrostis sp. Bent

Plantago fanceolata -
Ribwort plantain

“Alopecurus pratensis - Meadow
foxtail

Plantago major - Greater plantain

“Anthoxanthum odoratum —
Sweet vernal-grass

Potentill reptans - Creeping
cinquefoil

“Arthenatherum efatius —
False oat-grass

Primua vulgaris ~ Primrose

Cynosurus cristatus —
Crested dogs-tail

peridium aquilinum - Bracken

Dactyls glomerata ~ Cocksfoot

Ranunculus repens -
Creeping buttercup

Elytrigia repens — Couch

Rubus fruticosus — Bramble

Festuca rubra - Red fescue

Rumex sp_— Docks

Holcus fanatus ~ Yorkshire fog

Senecio jacobaea -~ Ragwort

Holcus mollis —
Creeping soft-grass

Silene dioica ~ Red Campion

Lolium perenne -
Perennial rye-grass

Steflria holostea -
Greater stitchwort

Phleum pratense — Timothy

Tifoliurm pratense  Red clover

Poa annua -
Annual meadow-grass

Tifolium repens ~ White clover

Poa trivills
Rough meadow-grass

Urtica dioica ~ Common nettle

Veronica chamaedrys - wy-leaved
speedwell

Viola sp. - Violet
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18c - Walls and Fences

Fence Side A | Side B* | Dry-stone Wall - Condition | Side A | Side B
Height (m), to nearest 25cm Good
Type Side A | Side B* | Poor
Post & rail Remnant
Post & netting Other feature - State Side A | Side B
Post & wire
Other fence - state Side A | Side B*
* Where visiole
19 — HEDGEROW/MARGIN MANAGEMENT

Flailed/ Planting/ | Pollarding
19~ Hedgerow Management | il | Coppiced | Laid | 200l |70 70| None
Signs of Recent Management
<2 years
Signs of Management 2-10 years
Signs of older Management
>10 years

Mowing/

19 - Hedge-botiom Management | 'CHEN | Herbicides | Cultivation| Grazing | None

Signs of Recent Management <2 years

Signs of Management 2-10 years
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20 - GROUND FLORA SPECIES PER 30M (continued)

Species

Species

9% cover

Ql [ Q2

“Achillea millefolium — Yarrow.

“Allaria petiolata — Garlic mustard

“Anemone nemorosa — Wood
anemone

‘Anthriscus sylvestris — Cow parsley

“Arum maculatum — Lords-and-ladies

Centaurea nigra - Common
knapweed

Cirsium arvense — Creeping thistle

Cirsium vulgare ~ Spear thistle

‘Galium aparine — Cleavers

‘Galium mollugo ~ Hedge bedstraw

“Geranium dissectum —
Cutleaved cranesbill

‘Geranium molle —
Doves-Foot cranesbill

Bryophytes — mosses & liverworts

‘Geranium robertianum — Herb-Robert

Bare ground

Glechoma hederacea — Ground ivy

Location of quadrats

Hedera hellx vy

Under canopy

Heracleum sphondylium ~ Hogweed Bank
Fyacinthoides non-scripta — Bluebell Verge
WMercurialis perennis - Dog's mercury Field edge

Record all ground flora species within each of the two 2 x 1m quadrats and estimate percentage cover to

the nearest 5%
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‘Geranium robertianum - Herb-Robert Bare ground
Glechoma hederacea — Ground ivy Location of quadrats
Hedera helix ~ vy Under canopy
Heracleum sphondylum — Hogweed Bank

Hyacinthoides non-scripta ~ Bluebell Verge

WMercurials perennis - Dog’s mercury Field edge

Record al ground flora species within each of the two 2 x 1m quadrats and estimate percentage cover to
the nearest 5%.

21 - VETERAN TREE FEATURES

To be recorded on any tree of 1 metre DBH and over, or any tree smaller if in the truly ancient
class for that species.

Speces e
Surveyor Date
Grid Ref | 100km Easting Northing

tettes o 1okm] 1k [100m [ 1om [ 1m [ 10km [ 1km [100m][ 10m [ 1m

Diameter at Breast Height (1.3m) in metres

(To nearest 5cm). "

Form Maiden Pollard Coppice Other

Condition

Percentage of live canopy (To nearest 5%) Text%

Dead wood attached to the tree, any piece more than 1m long and 8cm in diameter

Loose, split, missing and dead bark, any piece more than 30cm x 30cm

Bark sap runs

Tears, splits, scars, lightning strikes more than 30cm long

Hollow trunks or hollow major limbs

Major rot sites, any more than 15cm across

Notes - e.g. photograph numbers, threats, landscape/social importance, bracket fungi,
‘mosses, lichens, nest holes etc.
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a) Halfbank b) Full bank ) Double bank d) No bank
B) Inside Ib) Outside ) Both ld) No ditch
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a) Halfbank b) Full bank ) Double bank d) No bank
B) Inside Ib) Outside ) Both ld) No ditch
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What shape is the hedgerow? — Circle diagram of cross-section that most closely

resembles hedgerow.

X

a) Trimmed & dense

b) Intensively managed

¢) Untrimmed

d) Tall & leggy

e) Untrimmed, with
outgrowth

f) Recently coppiced
(facing view)

g) Recently laid
(facing view)

h) Other — Sketch
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Gap Gap Gap  Gap No gap No gap
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Aerlal photo from a plane Photograph taken by UAV

GENERALITATIE(CATALUNYA fCATUAVS
Europe's farmers receive payments for maintaining basic standards on the environment, food safety, plant health and
animal welfare. Images captured by satellites, planes or unmanned aerial vehicles (UAVs) allow member states to check
the farmers’ claims without having to send inspectors in person.
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Each serving (150g) contains

Energy Sugars | Salt

1046kJ
250kcal

HIGH MED
13% 38% | 15%
of an adult’s reference intake
Typical values (as sold) per 100g: 697kJ/ 167kcal
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5 : 0 1 2 3 akm A
- b -
GowerHedgesFinal %
—— Defunct ~—— Newly planted — Trimmed & dense
—— Intensively managed —— Not a hedge — Uncertain

— Line of trees — Overgrown —— Woodland
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k.

a) Trimmed & dense

b) Intensively managed

¢) Untrimmed

d) Tall & leggy

y. S

e) Untrimmed, with
outgrowth

f) Recently coppiced
(facing view)

g) Recently laid
(facing view)

h) Other — Sketch
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Hedgerow Structure
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