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Abstract
Human populations are urbanising rapidly, and this is causing concern about the impact that a lack of contact with nature has on health and wellbeing. Including green infrastructure, such as hedges, in our towns and cities potentially provides space for wildlife whilst also improving human habitat. Urban hedges vary based on their establishment and management history and differ from rural hedgerows in species composition and quality but still provide habitat for birds, mammals, and invertebrates as well as increased floral biodiversity. Hedges are perceived by people to be more attractive than other boundary types and offer greater benefits to wellbeing. Urban hedges offer opportunities for experiences of nature and many other ecosystem services but managing them to maximise benefit for wildlife in a manner that is acceptable for the human population requires careful consideration. 

Urbanising population
In recent years the percentage of the human population now living in cities has increased to almost 90% in the UK (Miller 2005), over 70% in Europe, and 54% globally (United Nations 2014). Sixty-six percent of the world’s population is expected to live in cities by 2050 (United Nations 2014). The urban environment is quite distinct to the habitats that were present before urbanisation (Rees 1997) and those we, as humans, have evolved to live in over thousands of years (Heerwagen & Orians, 1993). Whist culturally humans appear to have adapted, and social systems developed, to cope with urban living, some consider that our biology may not, as yet, have caught up. As a result, concern is growing about the impacts on people’s wellbeing as the gap between humans and nature widens (Cox et al. 2017; Dallimer et al. 2012; Fuller et al. 2007; Jennings  et al. 2017; Miller 2005; Panagopoulos et al. 2016).

Land utilised for transport or settlement covers about 2.3 million ha with almost 10% of the total land surface of Great Britain is urbanised (Evans et al. 2009; Haines-Young et al. 2000). Consequently, there is increasing interest in urban ecology (Brenner 2013; Evans et al. 2009). The impacts of urbanisation on wildlife can be severe but, as yet, our understanding of these effects is limited (Chace & Walsh 2006). 
Urban biodiversity
Urban areas can be seen to have great potential for biodiversity (Alvey 2006). At a coarse scale, areas of increased urbanisation tend to also be areas of high biodiversity (Evans & Gaston 2005) as humans perceive the same environments to be beneficial as many other species. For example, areas of what humans perceive to be productive land would have fertile soils and access to water with sufficient light and suitable temperatures for effective photosynthesis, etc. Thus, these areas are also likely to provide conditions for many plant or animal species to thrive. However, a high human population density adversely affects the richness and diversity of other species via increased species extinction rates (Bonier 2012; Evans & Gaston 2005). 
Biotic and abiotic consequences of urbanisation include changes to climate, species interactions, and community composition (Bonier 2012). Urban species assemblages may be a result of recombinant ecosystems which are created by people, not necessarily intentionally, and comprise a mix of both locally occurring and exotic species (Meurk 2010), others may be fragments of the cultural landscapes which were present prior to urbanisation (Andersson et al. 2014). The main factors reducing urban biodiversity are loss of habitat, reduction in areas for forage, fragmentation of the remaining habitats (Chiquet et al. 2012; Evans et al. 2009), increased non-native vegetation, unfavourable management practices, decreased vegetation complexity, increased predation (Marzluff 2001), and human disturbance (Baker et al. 2003; Baker & Harris 2007; Evans et al. 2009). Not all species are affected in the same way by urbanisation as there is variation in their ability to tolerate disturbance and habitat fragmentation (Bolger et al. 2001). 
Invertebrates are found in great diversity in urban areas, including some rare and important species, but some are negatively affected by urban expansion (Gosling et al. 2016; Jones & Leather 2012; Kadas 2006; Kadas & Gedge 2016; Whitmore et al. 2002). The same is true of birds (Chiquet et al. 2012; Evans & Gaston 2005; Marzluff 2001; Sandströmet al. 2006; Węgrzynowicz 2013) and small mammals (Baker et al. 2003; Baker & Harris 2007; Buesching et al. 2008; Dickman & Doncaster 1987; Michel et al. 2006).
The ability to support species also varies with the quality of the green spaces within the city or urban area (Bolgeret al. 2001; Sandström et al. 2006). Urban areas are now being recognised as potentially important for conservation (Evans et al. 2009) particularly if they contain natural structures (Sandström et al. 2006).
Hedges as elements of green infrastructure
Since the beginning of the 21st Century, the concept of urban green infrastructure as a vehicle for delivering multiple ecosystem services, including wildlife habitat, has been receiving increased attention (e.g. Dover 2015). In this chapter I define green infrastructure as:

‘The collective resource of large and small naturalistic elements and the cumulative benefits they offer’
Where naturalistic means: derived from, or closely resembling, nature.

These elements could, as described by Dover (2015), include plants, vegetation, or microbes (e.g. the fauna inhabiting the area below, or within, permeable pavements which can remove pollutants from infiltrating water). These elements can be naturalistic (e.g. a woodland), semi-natural (e.g. a park or garden), or part of an engineered structure such as a green wall or green roof (Dover 2015). The infrastructure part of the term refers to the provision of ecosystem services (Andersson et al. 2014; Landscape Institute 2013; Natural England 2009).
The small size of green infrastructure patches in urban areas means that it is unlikely that a full range of ecosystem services can be offered from individual patches (Andersson et al. 2014). However, even small elements may be ‘multifunctional’ to some extent offering many benefits (Landscape Institute 2013). 

Ecosystem services potentially offered by urban hedges are varied but include aesthetic appeal (Brown & Grant 2016; Kuo & Sullivan 2001; Matsuoka & Kaplan 2008; Snep et al. 2016; Todorovaet al. 2004), privacy (Gosling et al. 2016; Oreszczyn & Lane 2001), acting as noise barriers (Gosling et al. 2016; Renterghem 2014), assistance in air pollution mitigation (Dover 2015; Gosling et al. 2016; Tiwary et al. 2008; Varshney & Mitra 1993; Weerakkody et al. 2017), as well as increasing urban provision of habitats for biodiversity (e.g. Dover 2015; Gosling et al. 2016).

Although it is not typically a marketable commodity or measurable service, biodiversity is important as an essential component of sustainable ecosystems and, as such, important in preserving our future (Blignaut & Aronson 2008). 
Urban hedges - history and current status
Hedges of urban areas are likely to result from one of two methods, either from encapsulated remnants of boundary hedges present before the expansion of the urban area, or those planted subsequently or during the urbanisation process to delineate boundaries of domestic dwellings, industrial enterprises or parklands.

Hedges of more ancient origin are likely to consist of hawthorn (Crataegus spp.) and blackthorn (Prunus spinosa) (Gosling et al. 2016) such as the hedges planted by the Romans (Nozedar, 2012) or when British farming became individualised (Baudry et al. 2000). In urban settings there have been changes in hedge species composition over time such as the trend to use privet (Ligustrum vulgare) during the 1950s, the introduction of Laylandii (Cupressocyparis laylandii) during the 1980s, and the current use of beech (Fagus spp.) (Fig. 14.1). This is possibly due to the preference for non-spiny species in public areas or school grounds (Gosling et al. 2016), or those which have a dense habit and foliage for increased privacy (Gosling et al. 2016; Oreszczyn & Lane 2001). In a recent study by Gosling et al. (2016) beech, holly (Ilex spp.), ivy (Hedera spp.), laurel (e.g. Prunus laurocerasus), privet (Ligustrum spp.) and yew (Taxus baccata) were more commonly found in urban hedges.

In urban landscapes the landuse adjacent to the hedge is likely to be different than in rural locations and urban hedges tend to have hard surfaces in close proximity. These hard surfaces and more intensely used adjacent land impact on both the hedge structure, and floral and faunal diversity (Gosling et al., 2016).
<Insert Figure 1.1 here>
Figure 1. Urban hedges offer varied potential for biodiversity. This is influenced by, e.g., woody species, management, adjacent landuse, and proximity to other hedges: a) Mature, deep hawthorn hedge with grass verge in front and copse of trees and shrubs behind, adjacent to a car park; b) Beech hedge with verge adjacent to major road. Dense, narrow woodland behind; c) Young beech hedge, tightly managed with low mown, sloping, grass behind and pavement in front; d) Mature beech hedge adjacent to busy road on one side with other hedges in proximity on the side shown in image; e) Mature privet hedge close to major road with adjacent pavement in front and allotments behind; f) Mature hawthorn hedge adjacent with pavement and busy road on one side and semi-wild greenspace on side shown in image

Due to the high density of people living in cities, hedges must be perceived as a benefit to their human neighbours if they are to be retained. The views of people involved in planting and managing this green commodity must be considered if maximum benefit, both to wildlife, and human health and wellbeing is to be achieved. Where public amenity is to be considered such as along canals or within parks, conflicts may arise on how hedgerow management should be addressed (Faiers & Bailey 2005).
In their study of canalside hedges in urban and rural locations, Faiers and Bailey (2005) scored hedges based on amenity, biodiversity, and structural value. Their results suggested that where amenity was high then there was a probability of low structural and biodiversity values. Hedges with lower scores were predominantly found in urban areas or rural areas that attracted a high number of visitors suggesting that hedges within urban areas and areas of high footfall tended to be less well managed in terms of structure and offer less value to wildlife. Urban hedges tend to be shorter in length than rural hedges as they often delineate borders to property which are more likely to be a smaller in extent than rural fields or country estates. Urban hedges are also much less likely to remain untrimmed (Gosling et al. 2016) and this, combined with the species predominantly used, means that urban areas are much less likely to offer flowers, seeds, and fruit (Gosling et al. 2016). 

Urban hedges and biodiversity
Invertebrate species assemblages of urban hedges were compared to those of rural hedges in a study by Gosling et al. (2016) and urban hedges were found to contain more ants, earwigs, and shieldbugs but fewer blowflies, caterpillars, harvestmen, other beetles, spiders, and weevils. These differences, however, proved difficult to explain. 
A study by Atkins et al. (in prep) investigated the habitat value of urban hedges to small mammals: single-species hedges of hawthorn, beech, and privet were compared alongside un-hedged linear features. A surprisingly high number (63%) of the study hedges were used by small mammals compared to just 10% of the un-hedged locations. Hawthorn and privet hedges were used significantly more frequently than beech hedges, possibly due to differences in internal branching structure. 
Atkins et al. (in prep) also found beech hedges often tended to be more frequently associated with adjacent sealed surfaces. The presence of small mammals in an urban hedge is likely to be associated with woody species, history, management, landuse, and amenity use of the area in combination. Urban hedges were also shown to be used as a three-dimensional habitat with evidence of small mammals found in the upper levels of the hedges almost as frequently as at their bases. This suggests that the hedges were used much more than simply as a corridor, and that the upper levels offered some benefit such as predator avoidance or food as the energy expenditure required to traverse through the matrix of branches is likely to be more than to walk along the base.
Urban hedges, if appropriately managed, may have the potential to offer both forage and nesting sites to support similar species of bird to those of rural hedgerows and may offer an associated increase in urban biodiversity. A study by Atkins et al. (unpublished data) of the use of urban hedges by birds found 15 species using urban hedges, and that 87% of all study hedges were seen to be used by birds. Hawthorn hedges were found to be particularly important to birds and were used significantly more often than other species of hedge surveyed. This is also likely to be due to a combination of factors including surrounding landuse, proximity to other areas of greenspace, internal structure, and presence of food. It is also likely that such factors, together with differences in the palatability of hedge species’ leaves, and provision of other food resources (e.g. nectar, pollen, prey, hosts) could explain variation in the abundance of invertebrates.
If we are to increase the biodiversity value of our urban hedges then the adoption of similar methods to those used to increase biodiversity in rural hedges would probably be appropriate. If integrated into green infrastructure schemes there is the potential to manage hedges as part of a connected network of habitats. Higher biodiversity could be achieved if these hedged networks are dense and managed to facilitate a diverse structure allowing for fruiting and flowering with rough, flower-rich, vegetation on either side (Amy et al. 2015; Anderson 2002; Dover & Sparks 2000; PTES 1993; RSPB undated.; Staley et al. 2016). In many urban locations, such as shopping precincts and densely occupied residential areas, this may be difficult to achieve but canal and riversides, parks and public gardens, and industrial and office parks, hold great potential. 
Urban hedges and People

Hedgerows, evoke emotions in people and have been part of our cultural heritage for centuries (Oreszczyn & Lane 2001). Initially, hedges were important for their stock-proofing value in farmed landscapes. Subsequently, they have also become valued for their provision of wildlife, and function as refuges for beneficial species, and also for their aesthetics, specifically in terms of colours, scents, and patterns (Gosling et al. 2016; Oreszczyn & Lane 1999; 2001); if hedges are planted within our cities they have the potential to offer these benefits to large numbers of people. Findings from a study by Oreszczyn and Lane (2001), which used interviews of people from both the UK and Canada, suggest people felt that hedges brought the countryside into towns and diversity was seen as important. Most hedges were seen to function primarily to provide privacy and barriers against noise, but they were particularly valued for the improvements that they made to how the area looked. Taller hedges were valued for their contribution to birdlife, but some respondents thought that they might act as a hazard to traffic. Hedges that are ‘well maintained’ to look neat and tidy were found to be preferred, but those cut at the ‘wrong time’ so that they turned brown were particularly disliked (Oreszczyn & Lane 2001). This suggests that aesthetics, i.e. a neat tidy hedge, was most important in whether people perceived hedges to be well or badly managed. 

In a questionnaire study by Atkins et al. (in prep.) hedges were seen to be preferred over other boundaries, such as walls and fences, in terms of aesthetic appeal, impacts on their wellbeing, and wildlife value. When asked about the maintenance requirements of hedges, fences, and walls there was very little difference in the scores given. Respondents thought that hedges were very important to wildlife and were aware of the benefits they offered to health such as pollution capture and improvements to mood and mental wellbeing. Diversity of hedges was described by respondents to be positive, not only through aesthetic appeal, but also for value to wildlife. Although maintenance was noted by a small minority of participants to sometimes be ‘an issue’ with hedges they thought that this was less important than the benefits to wildlife offered by hedges. Contrary to the findings by Oreszczyn and Lane (2001), a hedge being neat and tidy was not considered the most important aspect of good management. Instead management should allow hedges to look more natural, offer the most to wildlife, allow time for flowering and fruiting, and facilitate a diverse ground flora. 
Conclusions

With rapidly urbanising populations globally, it is very important to understand the impacts we are having on our urban biodiversity and also the impacts urban biodiversity has on us. Hedges within urban areas vary based on their history and species composition and are greatly influenced by their management and adjacent landuse. These influences can be considerably different to their rural counterparts. The woody species of more recent urban hedges are more likely to be predominantly privet, beech, and holly which are much less common hedge species in rural areas. Their primary function also differs to that of rural hedges with privacy and aesthetics being more important. The resulting management affects their value to wildlife as does the levels of disturbance and hard surfaces in close proximity. Even so, urban hedges do still offer valuable wildlife habitat and studies have shown that they support a wide range of invertebrates, and an abundance of small mammals and birds. This increased biodiversity, amongst other attributes, in urban areas make hedges a valuable component of our urban green infrastructure facilitating increased health and wellbeing due to opportunities for contact with nature.
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