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Abstract
This research proposal attempts to further understand how hazel dormice Muscardinus avellanarius use the mitigation and compensation measures put in place as a result of development. Dormice receive full protection in the UK and are highly publicised for their use as an indicator species for plant and animal diversity where they are present. A lot of work is done within the planning system to ensure development does not negatively affect the continued conservation status of dormice, with an aim to enhance and improve habitat and species resilience. Several measures are suggested in literature for the reduction or elimination of impacts on dormice as a result of development, however there is currently little evidence to suggest that they are working or being monitored appropriately. This study will draw together the post-construction monitoring reports from across Wales for dormice where mitigation and compensation measures have been put in place and an evaluation of the success of the different measures used will be made. This will also assist in the identification of areas where further research, survey and reporting is required to fully understand how dormice use the measures put in place as a result of development.
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[bookmark: _Toc3836198]1. Introduction
[bookmark: _Toc3836199]1.1 Research problem
Are current compensation and mitigation practices effective mechanisms for the continued distribution and conservation of the hazel dormouse Muscardinus avellanarius post-development?
[bookmark: _Toc3836200]1.2 Context
Hazel dormouse receive a large amount of protection and under Section 6 of the Environment (Wales) Act 2016 all local authorities are to ensure they are enhancing biodiversity and ecosystem resilience. When dormice are found to be present on a site proposed for development Natural Resources Wales (NRW) and the local planning authority (LPA) must agree a method statement for the mitigation and/or compensation of any impacts upon dormice. Mitigation and compensation measures include translocation of hedgerows, planting of hedgerows, bridges, woodland/scrub management, planting of scrub/woodland. Some of these suggestions are made in the Dormouse conservation handbook (Bright, Morris and Mitchel-Jones, 2006). However there is little evidence to suggest that these mitigation/compensation measures in place are actually used by dormice. Even the Dormouse Conservation Handbook admits that “…there success has yet to be demonstrated” when discussing the use of bridges as a mitigation measure.  Bridges in particular come at a huge expense to the developer and have caused controversy. 
Post construction monitoring of dormice is regularly put on as a condition of the development and therefore, across Wales, there will now be many examples of where mitigation/compensation measures have been put in place and monitored for a set period of time (usually around 5 years). The results of these findings are then submitted to NRW, the LPA and sometimes Local Records Centres (LRC). There is then no place where all this information is put together, to help understand what works best in terms of dormouse mitigation and compensation. 
This study will bring together the results of many of these post-construction monitoring programmes to further understand how dormice are impacted by development and begin to establish which forms of management of these issues are best for the conservation and remained presence of dormouse on and around sites where development has occurred. 
The findings of this study will assist ecologists, developers, NRW and LPA’s identify the most appropriate form of mitigation/compensation for the development to ensure the highest likelihood of the continued presence of dormice. 
[bookmark: _Toc3836201]1.3 Aim
Establish if mitigation and compensation measures put in place for dormice as a result of development are successful in achieving their purpose.
[bookmark: _Toc3836202]1.4 Objectives
1) Use existing literature to understanding what current evidence there is for the success and usefulness of mitigation and compensation measures for dormice. 
2) Draw together post-construction monitoring reports from across Wales to establish an evidence base for dormouse use of measures put in place. 
3) Identify areas/infrastructure/measures which require further research and/or survey in order to establish a large enough evidence base to assess their usefulness.  
4) Suggest which mitigation and compensation measures currently used show the most consistency in post-construction dormouse use. 
[bookmark: _Toc3836203]2. Literature review 
[bookmark: _Toc3836204]2.1 Dormouse protection
Dormice and their habitats are full protected under the Conservation of Habitats and Species Regulations 2017. They are listed under Schedule 2 as a European Protected Species and are therefore protected from a number of offences (see appendix 1). They are also protected under the Wildlife and Countryside Act 1981, listed under Schedule 5 as well as the Environment (Wales) Act 2016, listed under the Section 7 list of priority species which states the requirement to ‘maintain and enhance’. 
[bookmark: _Toc3836205]2.2 Dormouse ecology
Despite a long list of protection and the considerable amount of publicity and attention dormice receive, UK populations continue to decline, with the reasons for this currently not fully understood (Goodwin et al, 2017). It is however, thought that an integral contribution to the decline is changes in the management of woodland practices and Goodwin et al, 2018 found that the conservation status of dormouse can me hugely influenced by the management of woodlands, with increased abundance in habitats which include honeysuckle Lonicera periclymenum , hazel Corylus avellana bramble Rubus sp., willow Salix sp., birch Betula sp. and shrub. All of which provide nesting material and year round food. 
[bookmark: _Toc3836206]2.3 Dormice and planning/development
Planning Policy Wales (2018) drives the message that planning can play a critical role in reducing or reversing biodiversity loss as well as improving ecosystem resilience. Considerations for biodiversity and its maintenance and enhancement, as well as the overall resilience of the functioning ecosystem should be considered at an early stage of development, ensuring that there is no significant losses in species, their populations and their supporting habitats. 
Where development is planned on areas which may affect dormice (presence in area known, suitable habitat etc.) surveys are required to establish and understand the presence, absence and density of dormice as well as how the site is used and the quantity and quality of suitable habitat on site (Crown copyright, 2015). Only once this has been established can suitable mitigation measures be put forward. 
In an ecological context it is important to understand what is meant by mitigation and compensation. The term mitigation is the act of reducing the severity of the effects on something. In this context it relates to the reduction of the impact development will have on dormice. Compensation on the other hand is something that counterbalances, or offsets an undesirable outcome. In this context, that means to make up for the loss of dormouse habitat and/or connectivity by replacing (Oxford English Dictionary, 2019).  
Ward et al (2015) recognises the impact development (in this case road schemes in particular) has on dormice and suggests that governments and regulatory planning authorities should be continually assessing the evidence base for small-scale local level mitigation measures put in place for road schemes, to ensure that these measures continue to benefit the conservation status of the dormouse, which is required due to their status as a European Protected Species. This would aid in the understanding of mitigation measures put in place as a result of development, as there is currently not enough data or evidence to support the usefulness of compensation and mitigation measures currently being used (Rytwinski, 2015).
[bookmark: _Toc3836207]2.4 Dormouse behaviour and habitat preference
When assessing the need for measures to be put in place as a result of development it is important to understand the ecology of the species and why mitigation is required to enable dormice to continue to thrive in the area. 
Dormice are often described as arboreal, with a lot of early studies done on the movements of dormice. Bright (1998) found evidence to suggest that gaps in habitat limits the ability of dormice to move within networks of habitat. They showed a clear aversion to moving at ground level, including reluctance to cross hedgerow gaps. 
Despite this early research into the arboreal preferences of dormice, Kelm et al (2015) found evidence which found individuals will cross rounds. In some cases large roads of up to 30m were crossed with high proportions of the studied dormice evidencing road crossing behaviour. However these crossings were only undertaken when habitats surrounding the road were of high suitability for dormice and the roads experienced periods of low traffic levels during the times when dormice are active. This evidence suggests that further enhancing roadside habitats may assist in the maintenance of populations and their ability to adapt to the change of environment. It does however remain unclear what circumstances can lead to dormice crossing roads and why this study appeared to have found such different results to those of the past. 
However a 2017 study which looked into the use of whisker touch by dormice in gap crossing, found that even small canopy gaps can have a significant effect on behaviour.  This is partly down to the fact that although larger gap crossings which required jumping  was observed, this was only seen in a few individuals, suggesting that this behaviour is down to the “personality” of the individual (Arkley et al 2017).
It is known that in order to maintain high quality dormouse habitat and therefore connectivity and resilience, management is required within woodland, to ensure the provision of mid-height scrubby habitats preferred by dormice, to allow for connection between preferred sources of food and nesting materials (Goodwin et al, 2018). This requirement should be considered when looking at mitigation compensation measures as it is known that habitat suitability will affect dormouse behaviour in terms of crossings and movements (Kelm et al, 2015). Where planning and landscape scale conservation is concerned, continuous roadside hedges and parcels of suitable woodland should be promoted as stepping stones and corridors for dormice (Encarnacao and Becker, 2015). However Mortelliti (2011) suggested that using hedgerow as mechanism for connected habitat may only be effective where pockets of suitable habitat are relatively frequent. This further evidences the effect fragmentation has on dormice and the need for suitable mitigation measures put in place where development divides and fragments existing pockets of habitat. 
[bookmark: _Toc3836208]2.5 Methods for mitigation and compensation
The dormouse conservation handbook (2006) discusses several methods for mitigation, which are:  planting hedges, translocation of hedges, planting new habitat, erecting nest boxes to increase the carrying capacity of newly planted habitat, green bridges, rope bridges, dormouse specific arboreal bridges and planting in tunnels and culverts. It is worth noting that the latter four methods from the list were all described as having received little research, and consequently at the time of writing the handbook  there was little evidence for success of these methods (Bright et al 2006). A majority of literature surrounding mitigation for dormouse relate specifically too that of road structures, rather than all types of development. Therefore it is mostly focused on measures to improve connectivity along and across linear infrastructure.  Ward et al (2015) also describe mitigation measures for roads, finding similar examples with as little evidence for success as those listed by Bright et al 2006. This demonstrates that since the dormouse conservation handbook was written in 2006, there has been little development of the evidence base for the success of the mitigation methods suggested.  
Currently the only example of Dormice not only using, but also breeding on green bridges in the United Kingdom is the A21 Lamberhurst bypass, which was complete in 2005. In 2011 dormice were observed and recorded breeding on the bridge in nest boxes (Songhurst, 2012). It is unclear if it took dormice six years to begin using the bridge or if monitoring had simply not picked them up before this point. 
As previously mentioned there is very little UK based evidence for the use of dormice specific arboreal bridges by dormice. A bridge in Japan was successfully recorded being used by Japanese dormice, however it was only 10m wide over a road which does not see heavy traffic flows (Minato et al 2012 cited by White and Hughes, 2019). A recent study in the Isle of White is thought to be the first recorded example. The design and location of the bridge was considered in great detail and as a result, it is thought it will provide a suitable arboreal pathway for dormice to cross roads of up to 30m (White and Hughes, 2019). As this bridge design continues to be promoted and built, further research will be required to understand success where there dormouse populations present in lower densities than that of the study area. 
[bookmark: _Toc3836209]3. Methods
[bookmark: _Toc3836210]3.1 Data Gathering
This study will begin with a literature review considering current understanding of dormouse ecology and how this leads to the development of mitigation and compensation measures will be conducted, followed by a review of literature on what is currently known about how dormice use measures put in place. 
Local Planning Authority Ecologists, Local Records Centres and ecologists will be contacted to request any post-construction monitoring reports which have been submitted and undertaken. These reports and their locations will remain anonymous within the study. Contact details and communication for all local planning authority ecologist and records centres have already been obtained. 
Mitigation/compensation measures studied will be those listed by Bright et al 2006; hedgerow translocation, hedgerow planting, under-passes, and habitat planting and enhancement (woodland and scrub). Dormouse bridges will not be included as there is currently such little evidence for their use. As previously discussed the only current UK example of dormice using an arboreal bridge to cross roads is White and Hughes (2019). Similarly green bridge will not be studied as there are few examples due to their expense. 
In the assessment of dormouse mitigation success dormouse presence will be used. Recorded presence will be used to establish the ‘likelihood of success’ of the mitigation/compensation measures monitored. According to Brotons et al, 2004 using records which state a species is present is more reliable than those that report absence. There are a number of factors which may result in a false negative dormouse survey whereas this is not true for surveys giving a false positive survey.  Therefore results will state which structures/measures put in place saw the most consistency in positive survey results. 
An equal number of reports will be assessed for presence for each of the measures studied. Where there is too little data for a particular measure this will be stated, and brief conclusions of what current studies have indicated and where further research is required. The length of time the post-construction monitoring was conducted for will also be taken into account and only those which had the same monitoring period length will be compared against each other. 
[bookmark: _Toc3836211]3.2 Timeline
As this study is based purely on the findings of others there are no restrictions regarding seasonality. The main delay I am expecting to come across will be the collation of the post-construction monitoring reports from various sources. This will be taken into consideration within the timeline and allowance for this will receive the greatest quantity of time. 










Table 1: Dissertation timetable showing monthly programme of works (highlighted in blue). 
	
	April
	May
	June
	July
	August
	September
	October
	November

	Contact all sources for collation of reports
	
	
	
	
	
	
	
	

	Literature review
	
	
	
	
	
	
	
	

	Results analysis
	
	
	
	
	
	
	
	

	Discussion
	
	
	
	
	
	
	
	

	Conclusion and recommendations
	
	
	
	
	
	
	
	

	Complete first draft
	
	
	
	
	
	
	
	

	Complete final draft
	
	
	
	
	
	
	
	

	Dissertation submission
	
	
	
	
	
	
	
	



[bookmark: _Toc3836212]3.3 Ethical considerations
All reports used to collect data will remain anonymous in terms of the ecologist, developer and location. There will therefore be no way of tracing where any data originates from. There will be no impact on dormice as there will be no monitoring or surveying of the species for the sole purpose of this study. 
[bookmark: _Toc3836213]4. Results 
Calculations will be made regarding the mitigation measure put in place, presence of dormice post-construction and length of time taken before presence was confirmed. 
Once data has been collated advice from a statistician will be sought to establish the requirement for statistical analysis, and if required, the correct analysis to ensure meaningfulness and confidence in the results
[bookmark: _Toc3836214]5. Evaluation 
[bookmark: _Toc3836215]5.1 Potential outcome and applications
The study could potentially assist in the selection of appropriate mitigation/compensation measures for the development and dormouse population. It may also assist in the justification for the use or lack of use of large expensive structures such as arboreal and green bridges. Bridges in particular are expensive and there are numerous examples of local newspapers publishing stories regarding the controversy surrounding the costs of these structures. If the results of this study indicates there is evidence that they are used consistently by dormice where they have been put in to mitigate for habitat fragmentation, it will assist in the justification for their use. Where results indicate a lack of evidence for their use then it may be that methods such as hedgerow translocation (where there is evidence of success) and surrounding habitat enhancement may be a more appropriate method for mitigation and compensation in terms of both dormouse preference and financial savings. 
Providing there is a large enough sample size the results should clearly indicate dormice preference to the different types of mitigation and compensation measures put in place and assist in the guidance of decision making in terms of development and the most appropriate method for ensuring the continued conservation status of the species. 
[bookmark: _Toc3836216]5.2 Limitations of study
The most obvious limitation will be the lack of consistency in monitoring. As this study will rely on the compilation of post-construction monitoring reports form across Wales, those who have undertaken the surveys may use different techniques and methodologies. Monitoring may be done using nest boxes, nesting tubes or camera traps and the consistency and regularity of monitoring will differ. 
It may also be found that where post-construction monitoring was a condition of planning permission, there may not have been any follow up to this and the information may simply not be available. This follow up should be done by the LPA and NRW, however due to lack of funds and staff time it may not always be the case that this is done either to a satisfactory standard, for long enough or at all. 
As well as this it will certainly be the case that many developments have not been finished long enough to have completed the monitoring programme and the information will not be available for several years. This will reduce the ability to study methodologies which may not have been in use for long, such as arboreal bridges. 
Population density may also play a huge role in the perceived success of mitigation or compensation measures, as previously discussed presence of the species is more reliable than absence due to a lack of consistency in successful monitoring. Where pre-construction population density was high there may be a quicker uptake of dormouse within the migration area. 
Consideration will also need to be made for population density prior to construction; it may be that areas which already experience high density of dormouse presence may see quicker and more reliable use of mitigation/compensation measures. 
[bookmark: _Toc3836217]6. Conclusion 
The literature review has evidenced a huge gap in evidence for the use of mitigation and compensation measures put in place for dormice as a result of development. Although roads in particular have received more attention for their role in habitat fragmentation methods used on these large structures are still largely lacking research and more importantly results. This study will look at how measures put in place are used by dormice for all types of development where they have been affected (in terms of habitat loss, change, translocation, fragmentation) and which methods for compensation and mitigation are the quickest to see dormouse presence post-construction. This should then assist, not only in the decision making regarding appropriate methods for developments, but also the justification for the use of the chosen measures. It should also highlight where and why information is lacking and aid in recommending where future post-construction research and monitoring should be focused. 
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[bookmark: _Toc3836219]Appendix 1
Significant extracts from relevant legislation relating to the protection of dormice. 
The Conservation of Habitats and Species Regulations 2017. 
43. Protection of certain wild animals: offences
(1) A person who— 
(a) deliberately captures, injures or kills any wild animal of a European protected species,
(b) deliberately disturbs wild animals of any such species,
(c) deliberately takes or destroys the eggs of such an animal, or
(d) damages or destroys a breeding site or resting place of such an animal, is guilty of an offence. 
(2) For the purposes of paragraph (1)(b), disturbance of animals includes in particular any disturbance which is likely— 
(a) to impair their ability—
(i) to survive, to breed or reproduce, or to rear or nurture their young; or
(ii) in the case of animals of a hibernating or migratory species, to hibernate or migrate; or
(b) to affect significantly the local distribution or abundance of the species to which they belong.
(3) It is an offence for any person— 
(a) to be in possession of, or to control,
(b) to transport,
(c) to sell or exchange, or
(d) to offer for sale or exchange, anything to which this paragraph applies. 
(4) Paragraph (3) applies to— 
(a)any live or dead animal or part of an animal—
(i) which has been taken from the wild, and
(ii) which is of a species or subspecies listed in Annex IV(a) to the Habitats Directive; and
(b) anything derived from such an animal or any part of such an animal.
(5) Paragraphs (1) and (3) apply regardless of the stage of the life of the animal in question. 
(6) Unless the contrary is shown, in any proceedings for an offence under paragraph (1) the animal in question is presumed to have been a wild animal. 
(7) In any proceedings for an offence under paragraph (3), where it is alleged that an animal or a part of an animal was taken from the wild, it is presumed, unless the contrary is shown, that that animal or part of an animal was taken from the wild. 
(8) A person guilty of an offence under this regulation is liable on summary conviction to imprisonment for a term not exceeding six months or to a fine, or to both. 
(9) Guidance as to the application of the offences in paragraph (1)(b) or (d) in relation to particular species of animals or particular activities may be published by— 
(a) the appropriate authority; or
(b )the appropriate nature conservation body, with the approval of the appropriate authority.
(10) In proceedings for an offence under paragraph (1)(b) or (d), a court must take into account any relevant guidance published under paragraph (9). 
(11) In deciding upon the sentence for a person convicted of an offence under paragraph (1)(d), the court must in particular have regard to whether that person could reasonably have avoided the damage to or destruction of the breeding site or resting place concerned. 
Wildlife and Countryside Act 1981
9. Protection of certain wild animals. 
(4) Subject to the provisions of this Part, a person is guilty of an offence if intentionally or recklessly—
(b) he disturbs any such animal while it is occupying a structure or place which it uses for shelter or protection; or
(c) he obstructs access to any structure or place which any such animal uses for shelter or protection.
(5) Subject to the provisions of this Part, if any person—
(a) sells, offers or exposes for sale, or has in his possession or transports for the purpose of sale, any live or dead wild animal included in Schedule 5, or any part of, or anything derived from, such an animal; or
(b) publishes or causes to be published any advertisement likely to be understood as conveying that he buys or sells, or intends to buy or sell, any of those things,
he shall be guilty of an offence. 
Environment (Wales) Act 2016
7. Biodiversity lists and duty to take steps to maintain and enhance biodiversity. 
(1)The Welsh Ministers must prepare and publish a list of the living organisms and types of habitat which in their opinion are of principal importance for the purpose of maintaining and enhancing biodiversity in relation to Wales.
(2)Before publishing a list under this section the Welsh Ministers must consult the Natural Resources Body for Wales (“NRW”) as to the living organisms or types of habitat to be included in the list.
(3)Without prejudice to section 6, the Welsh Ministers must—
(a)take all reasonable steps to maintain and enhance the living organisms and types of habitat included in any list published under this section, and
(b)encourage others to take such steps.
(4)The Welsh Ministers must, in consultation with NRW—
(a)keep under review any list published by them under this section,
(b)make such revisions of any such list as appear to them appropriate, and
(c)publish any list so revised as soon as is reasonably practicable after revising it.
(5)In exercising their functions under this section, the Welsh Ministers must apply the principles of sustainable management of natural resources.
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