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Background 

Transport Scotland is currently undertaking two large scale road improvement projects. The 
£3 billion A9 dualling programme will upgrade 80 miles of road between Perth and Inverness 
from single to dual carriageway by 2025. The £3 billion A96 dualling programme will upgrade 
86 miles of single carriageway between Inverness and Aberdeen by 2030.  
 
Very little published data exists on post-construction monitoring of upgraded roads and the 
effectiveness of road mitigation projects in Scotland.  
 
Mitigation is a costly requirement of any road improvement scheme and understanding its 
effectiveness through mitigation monitoring is becoming a growing consideration for large 
infrastructure developments.   
 
Main findings 

This report outlines four different mitigation monitoring approaches that can be implemented 
to identify the use and/or effectiveness of road mitigation structures.  It details the decision-
making process and method for developing a statistically robust, standardised and replicable 
approach which can be applied to both online and offline dualling projects.  
 
If taken forward the mitigation monitoring approaches could improve the temporal and spatial 
understanding of the environmental impact of roads and the effectiveness and use of 
mitigation structures. 
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1. INTRODUCTION 

This report is the output of an eight month joint graduate placement project between 
Transport Scotland and Scottish Natural Heritage. 
 
Transport Scotland is currently developing two large infrastructure projects to dual both the 
A9 between Perth and Inverness and the A96 between Inverness and Aberdeen. The A9 
improvements will be an on-line dualling project whereas the A96 is likely to be largely 
offline.  
 
1.1 Aims 

The aim of this project is to develop a mitigation monitoring approach for the A9 and A96 
dualling developments that can assess the use and/or effectiveness of mitigation provided to 
allow connectivity post-construction. The mitigation monitoring approach needs to be 
applicable to both online road upgrade and new offline road development. This has been a 
fundamental consideration throughout the development of the monitoring approach.  
 
The focus is to create a statistically valid, replicable and standardised approach that ties in to 
the existing road development process detailed in the Design Manual for Roads and Bridges 
(DMRB) (DMRB, n.d.). This will ensure a cost-effective and robust method that is easily 
applicable for all users. Flow charts are used to clearly illustrate the process for developing 
mitigation monitoring. 
 
The study has explored by literature review and consultation with both statutory and non-
statutory bodies, the optimum mitigation monitoring approach to deliver the following 
objectives: 
 
 Identify the current mitigation structures most commonly used and how effective they are 

in relation to different species; 
 Identify what is and isn’t known about the effectiveness of mitigation; 
 Identify the current pros and cons of mitigation monitoring approaches; 
 Identify current post construction monitoring applicable to the A9 and A96 dualling 

projects that is  already carried out under STRIPE (Scottish Trunk Road Infrastructure 
Project Evaluation) projects; 

 Identify optimum species to be surveyed resulting in the most informative output and with 
the minimum use of resources;  

 Develop a monitoring approach that is financially viable and statistically sound. 
 

1.2 Parameters 

A number of clear parameters were set in order to focus resources on key areas of interest. 
Attendees of the inception meeting are listed in Annex 1 and later formed the project 
steering group. The parameters of the study and brief explanations as to why they were 
selected are detailed below.  
 
The study considered physical mitigation structures that remain after road construction is 
complete and the road is operational. A complete list of included mitigation with definitions is 
shown in Table 1. This constraint was set because it was considered that developing a 
monitoring approach which investigated the longer term use of mitigation would be more 
valuable than considering other temporary forms of mitigation used both before and during 
construction. In addition, mitigation employed during construction phases tend to fit into the 
‘avoidance’ category described in Table 2 including restrictions on night working, avoidance 
of scrub removal during bird nesting season, etc. Pre-construction mitigation such as the 
creation of replacement badger setts and bat roosts were also excluded from this project. 
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Large-scale habitat and landscape mitigation, compensation or enhancements were also not 
included in this study. Studying the effects of replanting, regeneration, and habitat creation, 
was considered to be too large a scope  given the eight month project timescale.   Priority 
was given to considering the mitigation structures and the species listed in Annex 2. This list 
of species was based on a document produced for the A9 Environmental Steering Group 
(ESG) detailing the ecological surveying extents that was agreed as part of their detailed 
route alignment studies. Several amendments were made after discussion with experts 
during the initial project inception meeting. Species highlighted as not being appropriate for 
mitigation monitoring including fresh water pearl mussel Margaritifera margaritifera (FWPM), 
deer and wood ants Formica aquilonia are removed from further study. Rare and elusive 
species such as capercaillie, black grouse Lylrurus tetrix and Scottish wildcat remain 
included within the list of potential target species for mitigation monitoring but their limitations 
are discussed fully in section 6.1.        
 
1.3 Definitions 

Throughout the literature there is a lack of consistent terminology and definitions for 
mitigation structures. This is primarily due to the preference of individuals. Also, the field of 
road ecology is relatively new, as is the consideration of many of the structures for 
mitigation, meaning that set definitions are yet to be established. For the purposes of this 
study the key types of mitigation and associated definitions are presented in Table 1. These 
terms have been selected due to their frequent use by statutory bodies, consultancy firms, 
Non-Governmental Organisations (NGOs) and individuals working on road construction in 
Scotland. Care has been taken to ensure that definitions and terminology follow those used 
within environmental assessments and other publications produced for trunk road 
developments as closely as possible. Additional terms and definitions are available within 
Annex 3.    
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Table 1. Key mitigation terms and definitions used in the document.   

Term Definition 

Amphibian Tunnel A culvert designed specifically for use by amphibians and 
reptiles to cross the road. May be enclosed or have an open 
grated roof to allow rainfall to soak culvert substrate. 
Commonly used by other small vertebrates 

Culvert Box, pipe or channel structure that allows a watercourse or 
excess water (surface or subsurface) to be removed by 
passing below the road surface. Culverts may be dry for the 
majority of the year thus acting as mitigation for the same 
species as a tunnel 

 Open Span Bridge  A bridge that extends far beyond the banks of a waterway 
leaving the immediate area unblocked and undamaged by 
construction and completely open for any animal to walk under 

Mammal Fencing Fencing placed along roadsides or mitigation structures to 
divert animals away from the road. Fencing specifications vary 
depending on target species  

Fish Ladder A structure to aid the movement of fish around natural or un-
natural barriers 

Fish Screen A device to stop fish swimming or being drawn into pipe inlets 
or outlets 

Green Bridge An overpass with the primary function of providing wildlife 
benefit by linking habitats or populations separated by linear 
infrastructure with soil or other material that allows the 
establishment of vegetation 

Hop Overs Structure resulting from managing old or planting new 
vegetation or raising road verges so that bats are forced to fly 
above the line of traffic  

Mammal Ledge A platform fixed to a culvert for use by mammals travelling 
along the waterway 

Multi-Use Bridge An overpass designed for mixed human and wildlife benefit 

Overpass A bridge or other passageway over linear infrastructure 

Reflectors Reflectors placed along roadsides to divert light onto the 
nearby verges discouraging animals from the road surface 
when vehicles are nearby 

Rope Bridge A rope connecting trees on opposite sides of a barrier to help 
arboreal animals to cross without having to do so at ground 
level 

Tunnel A dry underpass, round or square, used by wildlife to travel 
between habitats severed by transportation infrastructure 

Underpass A passageway under infrastructure 

Wire Bat Bridge  
(Wire Bridge/Bat Bridge/ Gantries) 

A wire or mesh bridge raised above the road to encourage bats 
to fly above traffic at specific pre-selected crossing sites  

 
 
 



 

4  

2. BACKGROUND 

As part of the project aims and objectives a literature review on mitigation monitoring and the 
impacts of linear infrastructure was completed investigating both published and unpublished 
literature and government guidance. Information considered relevant for the understanding 
and development of mitigation monitoring has been compiled below.  It should be noted that 
much of the existing literature is focused on the construction of new roads. 
 
2.1 Mitigation Monitoring 

The construction and upgrade of roads and their subsequent operation has the potential to 
have a large impact on the local ecosystem with effects including direct mortality through 
collisions, habitat loss, habitat degradation, habitat fragmentation, barrier effects, edge 
effects, pollution (noise, chemical and light), changes to the hydrological system and 
microclimate, increased spread of weeds, increased human presence and population 
declines through species avoidance (van der Ree, 2007; Luell et al., 2003; Clevenger et al., 
2000; Forman et al., 2003; Coffin, 2007). All of the above can cause effects for species, 
habitats and populations over temporary or permanent timescales at both local and regional 
scales. It is generally considered that the most damaging impacts are caused by habitat 
fragmentation as a result of the barrier effect and direct mortality through wildlife vehicle 
collisions (WVC) (Luell et al., 2003). 
 
Over the past 15 years there has been an increase in attention to deleterious impacts of 
roads and traffic (Fahrig & Rytwinski, 2009). This has resulted in an increase in the amount 
of published literature, leading to the emergence of a new science, Road Ecology (Forman 
et al., 2003). Coffin (2007 p397) describes this new sub-discipline as being rooted in  
“ecology, geography, engineering and planning…building on the mounting evidence that 
roads are having dramatic effects on ecosystem components, processes and structures”.  
This trend has followed the expansion of the transportation network (Fahrig & Rytwinski, 
2009) with 22.4% of the land mass of Europe now within 500 meters of a road or railway and 
50% within 1.5 kilometres (Torres et al., 2016).  
 
Organisations now assign large amounts of money to reducing the impact that roads have 
on our environment through the methods defined in Table 2, although costs of mitigation are 
small compared to the overall budget (Rtywinski et al., 2015). The principal underlying 
reasons for mitigation are human health and safety, animal welfare and wildlife conservation 
(van der Grift et al., 2013). Increasing legislation and the consequential rise in the number of 
published guidance documents and literature (CIEEM, 2016a; Luell et al., 2003; Scottish 
Executive, 2005; Burns & Jackson-Matthews, 2016) all ensure that mitigation is an integral 
part of road design at the early stage.  
 
The lack of understanding regarding the effectiveness of mitigation measures to provide ‘no 
net loss’ of biodiversity (or other ecological factors) provides one of the focal points in the 
field of road ecology (Roedenbeck et al., 2007; Chee, 2015).  
 
Mitigation structures, especially overpasses and underpasses, are designed, constructed 
and maintained at great expense. It is therefore important to discern if such features are as 
effective as predicted (Bliss-Ketchum et al., 2016). Without establishing the effectiveness of 
mitigation, precious financial resources can be easily wasted whilst endangering local wildlife 
and habitats by installing structures that are ineffective (Rytwinski et al., 2015). Conversely, 
a mitigation structure may be more effective than previously thought thus requiring fewer 
structures to be constructed enabling significant cost savings (van der Grift et al., 2015). 
 
Mitigation monitoring studies could also investigate the relative effectiveness of alternative 
designs for a structure. For example, an investigation into three different culvert designs 
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could identify if the cheaper or easier to construct designs are just as effective in terms of 
species permeability as more expensive alternatives allowing for cost-cutting measures to be 
made with the knowledge that there would be no detrimental consequences (van der Grift et 
al., 2013).    
 

Table 2. Measures to avoid or reduce environmental effect. 

Principle Definition (DMRB 11:2:5 paragraph 1.42) 

Avoidance Seek options that avoid harm to ecological features - for example, by locating 
on an alternative site. 

Mitigation Adverse effects should be avoided or minimised through mitigation measures, 
either through the design of the project or subsequent measures that can be 
guaranteed, for example through a condition or planning obligation. 

Compensation Where there are significant residual adverse ecological effects despite the 
mitigation proposed, these should be offset by appropriate compensatory 
measures. 

Enhancements Seek to provide net benefits for biodiversity over and above requirements for 
avoidance, mitigation or compensation. 

 

There are many unanswered questions surrounding the effectiveness of road mitigation and 
finding valid and scientifically sound answers can ensure that detrimental ecological 
changes, health and safety risks and welfare issues are reduced or eliminated (van der Grift 
et al. 2013). 
 
Understanding the effectiveness of mitigation can be complicated and costly as whilst the 
structure may be used by individuals it may be ineffective on a population scale. Ineffective 
mitigation at a population scale can result in resource inaccessibility, habitat fragmentation, 
higher collision risk or habitat loss (Jaeger et al., 2005). Similarly, a reduced population size 
in the vicinity of a road could be due to avoidance behaviour or high mortality rate through 
Wildlife Vehicle Collissions (WVCs). It is important that a mitigation monitoring study is able 
to identify the underlying mechanisms causing an effect and account for confounding factors 
otherwise the study would provide more limited information to guide future decision-making 
processes. Such studies waste valuable finances and resources (van der Grift et al., 2013; 
Roedenbeck et al., 2007).      
 
The extent to which road effects can be mitigated is highly variable and dependent on the 
ecology of the target species, the type of mitigation, road characteristics and local habitat. 
Furthermore, mitigation can still fail to maintain a viable population if the population had 
reduced fitness or was reduced to non-viable numbers prior to mitigation construction. This 
could occur for a number of reasons but highlights the importance of understanding the 
population dynamics prior to construction since if no data existed before construction then 
the local extinction of a target species could be blamed on the development instead of on the 
pre-existing causal factors (Roedenbeck et al., 2007).  It should be noted that wider scale 
population studies are not routinely regarded as necessary for the assessment of road 
projects. 
 
2.2 Use versus effectiveness 

There is a clear distinction to be made between the use of a mitigation structure and its 
effectiveness. The use of mitigation is when target species use the structure successfully for 
its intended purpose, for example, deer using an underpass to cross a road or fish using a 
fish ladder to overcome a barrier. The effectiveness of mitigation is how well the mitigation 
structure protects the target species from specific detrimental effects of the development, for 
example, to what extent is a vegetated overpass protecting the local bat population from 
habitat fragmentation, resource inaccessibility or WVCs (van Der Grift et al., 2013; van Der 
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Ree et al., 2011; Berthinussen & Altringham, 2015; van der Grift et al., 2015; van Der Ree 
Iet al., 2007).  
 
Investigations into the use of mitigation are usually carried out post-construction as required 
to comply with consenting requirements or guidelines stated through DMRB, Chartered 
Institute of Ecology and Environmental Management (CIEEM) or the Environmental 
Statement required as part of the development process (Rytwinski et al., 2015). Such 
studies are typically short term and document signs of use, damage and problems with the 
mitigation structure through surveying or use of remote sensing equipment. For example, 
under DMRB, post-construction otter surveys are recommended every week during the first 
month, then at six months and again after one year (DMRB Vol. 10, Section 4, Part 4). 
However, one year may not  be considered long enough, to detect population changes or 
establish mitigation effectiveness although valuable information on design suitability, 
placement and habitat interactions can be identified through studies on mitigation use (van 
der Grift et al., 2015). The frequency and duration of surveying depends on the target 
species and the monitoring objectives. However, if monitoring effectiveness through changes 
in species abundance or viability, the impacts of the road development paired with ineffective 
mitigation may not be detectable in a statistically significant way for many years. Additionally, 
some species require time to acclimatise to mitigation and therefore use or effectiveness 
recorded in the first year may not be representative (van der Grift & van der Ree, 2015).  
 
Inferential strength is “The ability of an experiment or analysis to adequately/fully answer the 
question posed” (van der Ree et al., 2015a, p.506; Roedenbeck et al., 2007). Low inferential 
strength means there is a high level of uncertainty regarding the results of a study. Ensuring 
high inferential strength is a key consideration when designing or implementing any 
experiment or study (Roedenbeck et al., 2007). 
 
Investigating the effectiveness of a mitigation structure typically involves a larger study 
carried out for a longer timescale as population level changes can be cumulative, synergistic 
or delayed taking years or decades to become evident (van der Ree et al., 2015b; 
Berthinussen & Altringham, 2015). These factors result in significantly higher costs which are 
rarely viable or accounted for in the overall project budget (Van der Grift et al., 2013; Torres, 
et al., 2011). Additionally, many studies do not take into consideration similar experiments 
and most research is not planned until after the mitigation structure is operational (during 
construction or post-construction phases) resulting in a consistent lack of adequate baseline 
data for the preferred survey approach (Lesbarres & Fahrig, 2012; van der Ree et al., 2015b; 
Roedenbeck et al. 2007; Hardy et al., 2004; Rytwinski et al., 2015).   Lesbarres & Fahrig 
(2012) concluded that road ecology research should be thoroughly incorporated into all 
stages of the road development to allow for more robust studies with greater inferential 
strength identifying higher order effects. In addition, they discussed how most mitigation 
monitoring studies are carried out by contractors or consultants with results and conclusions 
reported only internally. If data and conclusions were published more widely then others 
would be able to access and incorporate them into meta-analysis projects, an approach that 
would be useful considering the scale of data collection and analysis that is required for such 
large infrastructure projects. One additional obstacle to the consideration of similar studies 
and recent conclusions when implementing mitigation monitoring is that practitioners may 
not have access to useful articles or literature if peer reviewed journals are not openly 
accessible.      
 
As mentioned above, the duration of the study can have a large impact on the results. A 
rarer target species or a low expected frequency of use of the mitigation structure will require 
a longer timescale to detect. The measurement end point also has to be considered in the 
early stages, for example, investigating population connectivity by testing for genetic 
isolation will take significantly longer than documenting movement rates across the road 
(Lesbarreres & Fahrig, 2012).  
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The first stage of any mitigation monitoring study is to establish the question to be answered. 
This should incorporate the needs and wants of the many developers, engineers, decision 
makers, planners and funding bodies to address a question that will have high inferential 
strength and applicability to any other developments that will transpire in the future. A more 
generalised study can provide sound evidence-based recommendations, through feedback 
loops, that can be implemented or considered in the future (van der Ree et al., 2015b; 
Rytwinski et al., 2015). Explanatory studies (investigating if species X uses mitigation Y) can 
be useful for understanding effects on a small local scale but can ultimately work out to be 
more costly if harnessed incorrectly as they may have to be repeated each time a new study 
is to be carried out. Larger studies can be designed to investigate broader questions that can 
be applied to many situations, populations, species, habitats and roads. This enables studies 
to continue from the insights and recommendations of the previous work and increases the 
accuracy of predictions made during initial road development assessment stages. This type 
of larger, more informative study can also impart greater influence on future decision-making 
processes through feedback loops. This ensures that the reasons for unsuccessful mitigation 
are fully identified and understood and therefore avoided in the future (Rytwinski et al., 
2015).   
 
An additional significant point to consider when developing a mitigation monitoring study is 
that the design of the study is fundamentally based on the reason for the mitigation being 
installed. In other words, it is necessary to define effectiveness in the context of the question 
to be investigated (Hardy et al., 2004.)  During Strategic Environmental Assessment (SEA), 
DMRB stages and Environmental Impact Assessment (EIA) environmental considerations 
are discussed and investigated at length influencing route selection, design and many other 
factors. As part of this process the likely magnitude, severity and duration of any 
environmental impacts and residual impacts are estimated and if mitigation is appropriate its 
purpose is clearly stated,  for example, “Provision of Dry Mammal Underpass (DMU) to 
mitigate fragmentation of otter habitat and to increase permeability of the road” (Transport 
Scotland, 2014 p8)). To continue with this example, proof of an otter crossing a road using 
the dry mammal underpass demonstrates use and permeability but, in wider ecology terms, 
it may not necessarily represent evidence of   mitigation of fragmentation of otter habitat. To 
fully investigate the effectiveness of this would require consideration of the extent to which 
the dry mammal underpass mitigated the effect of habitat fragmentation and the barrier 
effect (Rytwinski et al., 2015). 
 
With mitigation responses being species-specific, alongside the abundance of mitigation 
designs and purposes it is understandable why there is so much variation between 
monitoring studies. This adds an additional complication to the study of mitigation as data-
sets differ in scope, content and format; therefore meta-analysis projects are difficult if not 
impossible.  
 
Post-construction monitoring is currently completed through the Scottish Trunk Road 
Infrastructure Project Evaluation (STRIPE) process (CH2M, 2016). See Annex 5 for a brief 
overview of STRIPE.  
 
The information discussed above provides a brief introduction to mitigation monitoring and 
its purpose. Supplementary information on the impacts of roads and mitigation can be found 
using the references within the bibliography section 14. This information has been used to 
create the following process for developing a mitigation monitoring approach. The next 
chapter introduces the desk study and processes to follow prior to step selection.  
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3. DESK STUDY 

A desk study should be carried out to identify relevant information necessary to design a 
mitigation monitoring study and highlight any gaps in essential data. The key steps of the 
desk study are illustrated via flow chart in Annex 6  
 
A two page start sheet is available in Annex 7. This may be used to record important 
information whilst progressing through the decision-making procedure. The start sheet has 
been designed as an overall aid but is not an essential component of the process outlined 
within this report. Where information is to be recorded or a similar action is to be taken this 
will be clearly stated within the flow chart.  
 
The desk study flow chart refers to further information or guidance within the text where 
necessary. The text and flow chart run parallel to each other representing the same process.  
 
3.1 Identifying the starting point 

When initially deciding to implement a mitigation monitoring study there can be any number 
of starting points including mitigation type, species and experiment which form the basis of 
the question to be answered (see Section 5 Step Selection). The starting point should be 
identified in a simple sentence prior to any further investigation. It should encapsulate the 
basic requirements of the study and function as a base for planning the specifics of the study 
but does not require a great deal of detail. Examples are shown in Table 3.   
 

Table 3. Examples of possible starting points. 

Starting point Example 

Mitigation type Using track pads to identify the species that use a high profile green bridge 
Species Remote sensing to investigate frequency of use of mitigation constructed for 

otter.  
Approach Presence or absence study to identify the time of first use after mitigation 

opened.  
 

3.2 Collation of background information 

3.2.1 Background information 

With the starting point identified the desk study should be started to collate any information 
necessary to complete the decision making process for designing a mitigation monitoring 
study.  
 
The list below provides examples of information that could be collated, although not all will 
be necessary depending on the study’s specific starting point.  
 
 Phase 1 habitat survey data; 
 Copy of EIA or alternative environmental assessment if available; 
 Specifications for mitigation structures including dimensions, construction material, 

elevation 
 Location of mitigation structure, including elevation and geometry; 
 List of mitigation structures that can potentially be studied; 
 Full descriptions of proposed and completed works; 
 List of species selected for monitoring present in the local area; 
 List of species selected for monitoring associated with local habitats; 
 Knowledge of priority species ecology including daily/seasonal movements; 
 Knowledge of the site and mitigation structure; 
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 Details of land management practices in the surrounding areas; 
 Details of any existing dataset that meets the essential criteria of Table 4 that could be 

incorporated into the study as a baseline; 
 List of any constraints associated with the site/mitigation/species. 
 

Table 4. The desirable and essential criteria to adhere to if using an existing dataset or 
sharing a dataset (NBN, n.d.) 

Subject Data Required Desirability 
Data Provider The name of the organisation or person that 

provided the data 
Essential 

Data Capture Method Detailed description of the survey 
methodology used to collect the data 

Essential 

Surveying dates Dates and times that data collection or 
survey(s) took place 

Essential 

Survey area Detailed surveying location(s) or geographic 
range of dataset 

Essential 

Sample Points Details of how sample points/location(s) were 
selected and how many 

Desirable 

Equipment 
specifications 

Detailed list of all equipment and 
specifications including accuracy levels or 
ranges (e.g. handheld GPS Make X Model Y 
accurate up to Z meters 

Essential 

Equipment Calibration 1. Details of how equipment was calibrated 
and how often  

2. How many pieces of equipment were 
used 

1. Desirable 
 
2. Desirable  

Surveyor Name and experience of surveyor(s) Essential if there were 
multiple surveyors or if 
the standard of data 
provider is unknown or 
questionable. 

Confidence Information on the quality of the dataset (e.g., 
were data points checked? have ambiguous 
data points been removed?) 
 

Essential unless quality 
can be inferred from 
surveyor’s experience or 
data provider 

Weather Including temperature for species where this 
could impact activity level or survey results 
(e.g., bats; camera trap data.) 

Essential 

Limitations Details of anything else that could impact 
data quality or applicability (e.g., access 
problems for part of site; change in land use 
during survey period; unusual weather 
events.) 

Essential unless 
confirmation is given that 
there were no limitations, 
in which case this should 
be documented.  

 

For example, if the starting point is ‘Investigate otter use of mitigation’ then the necessary 
information to collect will include: a list of areas where otters were recorded pre-construction; 
habitat surveys for these areas; list of mitigation structures with otters specified as target 
species; specifications of the mitigation structures; details of land management practices in 
the surrounding area; any existing otter survey data that may be used as a baseline. 
 
If key information is unavailable species or site specific surveying may be required in 
addition to the desk study to aid experimental design and influence the decision making 
process.  
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3.2.2 Information sources 

If an EIA or alternative comprehensive assessment has been completed during the 
preliminary stages of the development then this will include most of the required information. 
This information may be out of date depending on when it was collected but can act as a 
rough baseline that should be updated if necessary. If no such assessment is available then 
the following list of organisations may hold relevant information:  
 
       Bat Conservation Trust Scotland (BCT) or Local Bat Groups; 
       Wildlife Vehicle Collision data; 

 Biological Records Centre (BRC); 
 Black grouse Study Groups; 
 Botanical Society for Britain and Ireland (BSBI); 
 British Trust for Ornithology (BTO) – Bird Atlases, Wetland Bird Surveys (WeBS), 

BirdTrack; 
 Capercaillie Project Officer; 
       Fisheries Trusts; 

 Forestry Commission Scotland (FCS); 
       Highland Biological Recording Group Centre (HBRG); 
       Joint Nature Conservation Committee (JNCC); 

 Local parks and reserves (e.g. Cairngorms National Park Authority (CNPA);  
 National Biodiversity Network (NBN) Gateway / NBN Atlas Scotland. At the time of 

writing NBN Gateway has transitioned to NBN Atlas but both should be used as records 
continue to be transferred;  

        North East Biodiversity Records Centre (NESBrec); 
        Royal Society for the Protection of Birds (RSPB); 
 Saving Scotland’s Red Squirrels; 
       Scottish Badgers; 
 Scottish Environment Protection Agency (SEPA); 
 Scottish Natural Heritage (SNH); 
 Scottish Ornithologists Club (SOC) Local Recorders; 
 Scottish Wildcat Association; 
       Scottish Wildlife Trust (SWT); 
 Wildfowl and Wetlands Trust; 
 
The planning of a study prior to EIA will be considerably more time consuming but it provides 
opportunities to collect specific additional baseline data and can result in a higher quality 
mitigation monitoring study overall. 
 
3.3 Existing monitoring frameworks 

A requirement for mitigation monitoring may be identified through numerous pathways briefly 
discussed below.  These may contribute data to allow for larger investigations or provide a 
baseline for comparisons with mitigation monitoring implemented in the future. 
 
 An Offset Mitigation Initiative can be established to compensate for any residual impacts 

for species and habitats identified through the EIA process. Such ‘offset’ projects can 
include invasive species control, protected species monitoring, habitat evaluations and 
more. The Aberdeen Western Peripheral Route (AWPR) is an example of a large scale 
development that established such a programme to support the construction of a new 
road.  
 

 Species Protection Plans (SPP) are created to ensure that all reasonable precautions 
are taken so that protected species are not disturbed, injured or killed by activities 
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associated with the construction or operation of the development including sites used by 
the species for feeding, breeding, shelter or protection. An SPP may document 
monitoring requirements for protected species to ensure that aims have been achieved. 

 
 Monitoring can be included as a licensing requirement or if an SPP recommending or 

stating mitigation monitoring requirements is used to support a licence application then 
this can be reflected in the terms of the licence. 

 
 The STRIPE process can require additional data collection in years one, three and five 

after construction. The type and duration of surveying can vary significantly with year one 
rarely requiring additional data collection except where unforeseen circumstances have 
arisen or there is increased public interest. Years three and five may require more 
monitoring including analysis of WVC data, species surveys, Phase 1 habitat surveys 
and more. A more detailed discussion of the STRIPE process is available in Annex 5. 
 

3.4 Existing datasets 

The use of an existing dataset can introduce sources of bias and variation into the study that 
may have a detrimental impact on the quality of any conclusions. To avoid these 
complications it is necessary to obtain information on the available dataset to assess how 
reliable it is and if it is compatible with the current study. Table 4 lists essential and desirable 
criteria for a dataset. Not all subjects will be relevant to every data set, for example, data 
providers may not exist for a data set if the information was collected by an independent 
person, but if a data provider was involved in the process it is essential to identify the 
organisation. Knowing the identity of the data provider or person who collected the data can 
give an insight into the quality or confidence of the dataset. If essential criteria are not 
available but relevant to the dataset in question then the dataset should not be used as any 
sources of bias or inaccuracy may impact any mitigation monitoring output.  
 
Table 4 also acts as a guide to identify what information should be included when recording 
or submitting the data, results or conclusions of a mitigation monitoring study internally and 
externally. This ensures that the data set can be used in the future or contribute to a meta-
analysis study (See section 12.2 for further information). Table 4 adheres to the minimum 
requirements necessary for submitting information to the National Biodiversity Network. At 
the time of writing the NBN is transferring Scottish data to NBN Atlas Scotland. If submitting 
data to NBN Atlas Scotland check for any requirements prior to data collection or collation in 
case these criteria have been altered.       
 
Data are collected throughout the pre-construction, construction and post-construction 
stages of development and should be thoroughly investigated to identify if it may be of use 
for the current study. See list below for a list of possible data sources or surveys carried out 
throughout the construction process that may be of use for mitigation monitoring: 
   
Pre-construction 
 Existing data collated for desk study 
 Survey data collected to inform SEA, EIA, DMRB stages and Habitat Regulations 

Appraisal (HRA)  
 Survey data collected to add to licence applications 
 
During construction 
 Data collected by Ecological Clerk of Works (ECoW) 

  
Post-construction 
 Data collected by ECoW 
 STRIPE 
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 Offset mitigation initiative 
 Licensing requirements 
 Consenting requirements 
 
3.5 Limiting resources 

A limiting resource is a factor that limits the type of study that can be conducted. Exploring 
and identifying the limiting resource for any potential mitigation monitoring study will simplify 
the decision-making process considerably. Limited resources may be financial constraints, 
time availability, lack of experienced individuals or lack of control sites, if necessary. This list 
is not exhaustive but covers the most common examples. If a limited resource imposes 
severe restrictions on the study design or methodology it can be the sole factor used to plan 
and design any mitigation monitoring. 
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4. APPROACHES 

The study developed four mitigation monitoring approaches ranging from basic to complex. 
Combined, the four approaches represent a spectrum of possible post construction 
mitigation monitoring studies that can be implemented representing a range of resource 
requirements, surveyor expertise and survey methodologies appropriate for most locations 
or possible target species. These approaches can be conducted individually or as part of a 
sequential process where the results of the initial study feed the design of the next.   
 
Selecting which of the four monitoring approaches to use is fundamentally dependent on the 
wants and needs of the client, the available resources and the sites and species available to 
study. Balancing these factors requires careful consideration and knowledge of how they 
impact on experimental design and output. 
 
Each of the four approaches is discussed below with examples, pros and cons and 
investigations of any limitations in order to demonstrate the possible outputs. It is important 
to understand these approaches and the aims of individual mitigation monitoring 
assessments before progressing to the decision-making phase. Specific survey methods 
appropriate for each approach are discussed fully in Step 5. The pros and cons identified for 
each approach are also presented in a combined table in Appendix 8 for easy comparison.  
 
As is good practice with standard surveying, a number of explanatory variables would be 
collected for each approach including but not limited to, weather, date, time, location, 
mitigation specifications including width, height, presence of water and ledge width. This is 
particularly important for replicated studies.   
 
4.1 Approach One: Presence or absence 

4.1.1 Introduction 

The foundation of approach one is that only the assessment of presence or absence of the 
target species at the mitigation structure is required. Approach one is the simplest and least 
resource intensive approach to investigate the use of mitigation as it requires only short 
surveying periods and minimal data collection. Due to the simplicity of this approach there 
are limitations in the way the data can be used and therefore it is only useful under specific 
circumstances: 
 
 to identify number of species that use mitigation; 
 to identify the delay time between mitigation completion and first use by the target 

species. 
 
Approach one may also be replicated to investigate any change in the number of species 
using mitigation over time which may indicate changes in species range. The identification of 
the time of first use after mitigation goes live can also be replicated at different sites creating 
a large data set that can provide further information. Each of the replicated studies will 
require minimal statistical analysis but more than individual survey studies.   
 
4.1.2 Limitations 

Approach one presence or absence surveys that are replicated will be more informative than 
single surveys and should be used wherever resource and suitable site availability allows. If 
data comparison between years is a key component of the selected monitoring approach it is 
important to consider that only data collected in the same season/time period can be 
legitimately compared unless season or time is classed as an explanatory variable. Multiple 
surveys carried out at different seasons would be the most effective monitoring as this would 
offer more data points and provide greater statistical power, see Example 1 below. If short 
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term presence or absence studies are carried out on only one structure then any conclusions 
are not relevant to other identical mitigation structures no matter how similar the situation, 
species or habitat. This is because there is not enough data collected to identify the 
circumstances where the conclusion is applicable.   
 
Approach one may also be used to identify the time of first use of mitigation by the target 
species.  This is an extremely useful aim as it can be used to develop peak survey periods 
for different species that can reduce the amount of time needed to identify use of a mitigation 
structure. Carrying out this method on a single mitigation structure may be beneficial in 
certain circumstances, e.g. where new mitigation is being trialled or where a singular high 
profile structure such as a green bridge has been constructed. Nevertheless, if the 
opportunity is available it is better to replicate this survey on as many mitigation structures as 
possible, see example 2 below. Examples of situations where Approach one, presence or 
absence studies, are not appropriate are shown in examples 3 and 4. 
 
4.1.3 Approach One: Pros and cons 

Pros Cons 

Simple to set up and carry out Limited information gained 

Very little or no statistical analysis (Depending on 
number of replicates, if any) 

Only useful under restricted circumstances 
 

Can be used to inform larger, more detailed 
studies  

Provides no population level information 

Not time consuming  

Inexpensive  

Simple to replicate  

 

4.1.4 Examples of Approach One  

Example 1 - Good Practice: A single camera trap set up at one side of a newly extended 
culvert to identify the time of first use by otter after road widening. Camera trap must be in 
place and recording data as soon as mitigation goes live i.e. is usable by otter. Surveying 
can stop after first confirmed record of otter use. This can be replicated on selected culverts 
along the route to identify average response times to the new mitigation structure or to 
ensure the structure is still used after a period of disturbance, for example, if the structure is 
repaired or otherwise modified. These data can be used to calculate the average time of first 
use and the longest delay until first use. This can inform the optimum time period in which to 
check use in future studies. If the average and the maximum delay of first use is 26 hours 
and 49 hours respectively, then future studies could survey for 49 hours plus an additional 
X% buffer. If no use is identified this could be the threshold for implementing other studies to 
identify any possible underlying problems.    
  
Note: This experiment is informative under these circumstances as data is collected to 
identify first use where no further conclusions are inferred. Additionally, the process can be 
replicated to identify averages or trends including if time of first use varies with season or 
habitat.  
 
Example 2 - Good Practice:  A track pad placed on a mammal ledge in a newly constructed 
culvert to identify the variety of species/species groups using the structure. Survey carried 
out repeatedly over year one and again in years three and five. This process could 
document the following: 
 
 changes in species diversity over time, these could highlight changes in species range 

e.g. water vole recorded in a previously un-used habitat showing range expansion;  
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 changes in species diversity over time, these could highlight species that require further 
study, possibly by an external organisation e.g. pine marten recorded more or less 
frequently in the final year of a five year study could suggest change in abundance and 
further investigation through new study could explain changes;  

 presence of a species previously recorded as absent from the area in EIA surveys which 
were completed prior to mitigation. 

 
Example 3 - Poor Practice: Closed Circuit Television (CCTV) footage monitored to identify 
use of a multi-use green bridge by badgers. Surveying stopped after presence is first 
recorded and not repeated. Conclusions drawn that the green bridge is effective.  
 
Note: This would identify whether badgers use the mitigation structure but would not support 
scientifically robust conclusions and would, therefore, be unusable as evidence in any future 
decision-making process due to any lack of replication. The conclusions drawn from the data 
are unfounded.  
 
Example 4 - Poor Practice:  A baited hair tube placed at one end of a rope bridge 
constructed to provide a safe crossing point for red squirrels in order to reduce WVCs and 
maintain habitat connectivity. The hair tube must be in place when the structure goes live so 
that the time of first use can be recorded. Once a red squirrel hair sample is collected then 
sampling can cease. Replicates can be collected at other rope bridge sites along the route to 
create a larger dataset for analysis. 
 
Note: This sample method is inappropriate for identifying the presence of red squirrels at a 
rope bridge as the tube containing the hair trap is baited and would therefore attract animals 
towards mitigation thus giving inaccurate and biased results. 
 
4.2 Approach Two: Frequency of use 

4.2.1 Introduction 

Approach two builds upon the theory of Approach one but instead of capturing a snapshot of 
mitigation use it can identify more complex interactions between species and mitigation over 
time. Therefore, applying approach two is more difficult and requires additional resources, 
time and expertise.  
 
Data collected on frequency of use may also be compared with baseline data, if available. 
For example, if estimates of population size are available data on the frequency of use may 
infer whether a small proportion of the local population is using the mitigation structure (see 
Limitations). Approach two can: 
      
 identify how often species use the mitigation structure; 
 identify changes in frequency of use through time, e.g. diurnally, seasonally, or over a 

longer period;  
 identify any unexpected changes over time that could highlight the need for additional 

studies connected to the road development or unconnected to the development that may 
be carried out by other organisations;  

 identify basic behaviour towards mitigation structure; 
 identify variation in frequency of use as a result of external changes e.g. short term 

reduction in culvert use after the road becomes operational.   
 
As discussed previously, basic metadata or explanatory variables are to be collected for 
each survey.   
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4.2.2 Limitations 

There is a clear distinction between measures of frequency of use and any conclusion 
referring to the local population of the species. A higher frequency of use may indicate that 
more individuals are using a mitigation structure but does not demonstrate effectiveness at a 
population level.  
 
4.2.3 Approach Two: Pros and cons 

Pros Cons 

Relatively simple to set up and carry out Longer survey duration than Approach one 

Relatively simple statistical analysis Many confounding factors 

Relatively inexpensive depending on survey 
methods selected (Step 5) 

Low inferential strength (how well the 
conclusion is supported by the evidence ) 

Able to influence future decision making 
processes 

Limited information gained that can be used to 
increase the use of mitigation or identify 
reasons for lack of use  

Depending on methods used may be used to 
infer basic behavioural responses towards 
mitigation, e.g. camera traps to record animal 
behaviour towards fencing or mitigation  

 

Can be used to inform larger, more detailed 
studies  

 

Can work out response times for species, e.g. 
how long before species use a mitigation 
structure and whether use increases as they 
grow accustomed to it 

 

Possibly be combined with existing baseline data 
to gain further insight into population level 
interactions with the road and/or mitigation   

 

 
4.2.4 Examples 

Example 5 - Good Practice: Two camera traps are placed, facing out, at either end of a 
multi-use underpass to record badger activity. Two camera traps are also placed at either 
end of funnel fencing that directs badgers towards the underpass. Camera traps are set up 
for one year on a one week recording, two week off, basis. The direction the animal travelled 
through the underpass and lengths of time taken to travel through are recorded for each 
pass in addition to standard metadata such as weather and time. If an individual animal is 
easily identified through distinguishing marks then this is noted. The same information plus 
whether the animal crosses or ventures onto the road surface is collected via the cameras at 
the fence ends. The data can then be used to identify periods of high activity during the day, 
season and year, as well as highlight animal behaviour towards fence ends. This can be 
used to identify possible WVC issues if animals are frequently crossing the road surface. It is 
possible that if two crossing structures are in close proximity to each other that both may be 
used by a badger clan. If badgers consistently travel in one direction through the underpass 
then it would be worthwhile also identifying the route of the return journey. Surveying can be 
repeated in subsequent years and compared with data collected at the same time of year. 
 
Note: This example highlights the many possible conclusions that can be gained from this 
study design and where comparisons can be useful. Additionally, this study design can also 
be paired with a pre-existing data set.  
 
Example 6 - Poor Practice:  Camera traps set up as for Example 5 and surveying carried 
out for two weeks. This process is repeated six months later and the data compared to 
identify any changes in use.  
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Note: The main issue with this example is that a comparison is being made with samples 
taken in different seasons. Activity levels for badgers fluctuate depending on the season with 
males becoming more active during breeding season and juveniles becoming more active 
and dispersing in autumn. Comparisons cannot be made between different seasons to 
identify change in use but comparisons can be made between data collected at the same 
time of year in subsequent years as long as metadata has been collected and accounted for,  
for example, changes in weather.    
 
Example 7 - Good Practice:  Marble dust, fine sand or clay can be spread in a large strip 
across the width of a green bridge. When an animal crosses the strip the tracks are 
imprinted into the selected medium and can then be photographed or recorded by the 
surveyor. This will identify species using the structure and direction of travel. The site has to 
be visited every few days and then the medium is to be smoothed again. Standard metadata 
is also to be collected.  
 
Note: This method is quite difficult to use in practice as rain and other weather conditions 
can have a detrimental impact on survey results.  It has the advantage, however, that it does 
not require expensive equipment which can be easily damaged or stolen if the site is close to 
human habitation.    
 
4.3 Approach Three: Factors influencing use 

4.3.1 Introduction 

Approach three can be considered as an expanded or more detailed Approach two. Both 
approaches investigate the frequency of use, are based on the same principles and will 
largely deal with similar confounding factors, constraints and limitations. Approach three, 
however, can incorporate a larger number of potential influencing factors (covariates or 
explanatory variables) and will therefore require more resources for a more complex 
statistical analysis and survey for the additional data points.  
 
In addition to the possible areas of investigation listed under Approach two, Approach three 
can investigate how biotic and abiotic factors influence the use of a mitigation structure. 
More complex factors are investigated than the standard metadata discussed above in 
Approaches one and two. Possible factors include: type of vegetation planted around 
mitigation structure; traffic volume/noise; distance to nearest mitigation structure; distance to 
watercourse; distance to human habitation; type of artificial light and land management 
practices. This list is not exhaustive. 

  
4.3.2 Limitations 

The limitations of Approach three are the same as Approach two 
 
4.3.3 Approach Three: Pros and cons 

Pros Cons 

Can identify which factors may result in reduced 
use of mitigation, e.g. bats use multi use 
underpasses less if artificial light source X is 
present.  Solution may be to remove or change 
light source or install sensor lights 

Cannot be used for single structures,  e.g. a 
green bridge since no replicates are available 

Can identify the type of use (e.g. whether daily, 
seasonal, or occasional) 

More complicated statistical analysis 

Can identify more subtle interactions between 
species, mitigation and additional factors (e.g. 
vegetation X planted around underpass entrance 

Large number of replicates needed 
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increases use by badger or otter display cautious 
behaviour and approach culvert and then avoid it) 

Could be used to infer effectiveness  Higher costs than Approaches one and two 

Can identify key stages when mitigation used, 
e.g. juvenile dispersal; breeding seasons 

Longer survey duration than Approaches one 
and two 

Identifies key survey durations and times which 
can inform and reduce costs of future studies 

Higher level of expertise required than for 
approaches one and two 

Information can be used to influence future 
mitigation decisions 

 

Can identify response times for species, e.g. how 
long before species use mitigation structure and 
whether use increases with habituation 

 

Can be used as justification for larger, more 
detailed studies 

 

Possibly be combined with existing baseline data 
to gain further insight into population level 
interactions with the road and/or mitigation   

 

 
4.3.4 Examples 

Example 8 - Good Practice:  Across the selected road 20 underpasses installed for 
badgers are selected from similar habitats. Each mitigation structure has similar dimensions 
and length of badger fencing. Entrances to the underpass have one of three types of planted 
vegetation. Camera traps would be set up at each culvert periodically across all seasons in 
years one, three and five. This would be used to identify the frequency of use of each 
underpass and the dataset could be analysed to identify if vegetation type has an impact on 
frequency of use. This method would also identify other species using the underpass.  
 
Note: This example highlights good use of replicates to understand the impact of variation 
over time between mitigation structures, i.e. vegetation type culvert dimensions and the 
presence of fencing. The statistical analysis of such a study would require statistical 
expertise to ensure high statistical power and establish the correct data collection method.   
 
Example 9 - Poor Practice:  Two otter culverts are selected to study factors that influence 
use. Basic metadata is collected including weather, date, habitat, water level, culvert 
dimensions and shape, proximity of human habitation, presence of mammal ledge, 
dimensions of mammal ledge, culvert material, traffic volume and traffic noise. Use was 
recorded as the number of passes through the culvert in a specific 24 hour period for eight 
weeks.  
 
Note: This is a highly flawed example of how to plan and execute an Approach three study 
since there are not enough replicates and therefore insufficient statistical power to identify 
which factors influence use. Additionally, surveying the same culverts weekly and using 
these data to represent additional data points is an example of pseudo-replication as the 
same culvert and same otter or otter family have been sampled repeatedly.  
 
4.4 Approach Four: Effectiveness of mitigation 

4.4.1 Introduction 

Approach four is different from the previous three approaches due to the scale and level of 
complexity involved in its design, implementation and analysis. There are numerous 
methods to investigate the effectiveness of mitigation depending on the wants and needs of 
the client and the resources available. It can: 
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 involve large scale studies investigating changes in population size, viability and 
movement; 

 identify impacts of roads and to what extent mitigation is reducing them;  
 identify the underlying mechanisms leading to changes in species range and viability 

through mitigation; 
 gain insight into the range of detrimental impacts and how long it takes for changes in 

populations to demonstrably react or recover;  
 be used to isolate the interacting cumulative impacts of the road from measures of the 

effectiveness of mitigation. 
 
4.4.2 Limitations 

The limitations of any Approach four study results from the level of complexity required to 
gain scientifically sound and statistically robust conclusions. Suitable controls and/or 
baselines will be crucial, requiring the initial planning of the study during pre-construction 
stages of development if control sites are unavailable. Any potential confounding factors, 
considerations regarding statistical power and issues of inferential strength will be specific to 
the study circumstances and statistical advice is essential.  The increased costs and other 
resources required for an Approach four study mean that their occurrence will be rare and 
they may require to form part of larger studies focussing on broader population level issues; 
however, the advantages of such a study would significantly benefit the field of road ecology. 
Example 10 demonstrates a Before-After-Control-Impact (BACI) design amended from 
Rytwinski  et al (2015) Case study 1. 
 
4.4.3 Approach Four: Pros and cons 

Pros Cons 

Can identify the impacts of road effects, e.g. 
genetic isolation of populations, increased stress, 
reduced reproductive output   

Baselines require planning and/or data 
collection at pre-construction stages if controls 
are unavailable 

Improved understanding of how roads and 
mitigation impact population viability 

More sophisticated statistical analysis required  

Can be used for single structures with no need 
for replication but a large number of data points 
required (consult a statistician).   

Large number of replicates needed 

Can identify key stages when mitigation used by 
e.g. juvenile dispersal, breeding seasons,   

Higher costs than for Approaches one, two and 
three 

Identifies key surveying durations and times for 
future studies (reducing costs) 

Significantly increased survey duration than 
required for  Approaches one, two and three 

Information can be used to confidently and 
scientifically influence future decision making for 
mitigation. 

 

 
4.4.4 Examples 

Example 10 – Good Practice 
On the A96, on off-line sections of the road, where the road and mitigation are to be 
constructed simultaneously a BACI design could be applied to answer the question; what 
type of crossing structure allows sufficient movement of pine marten to maintain a population 
size similar to road free areas? Four treatments could be used including: rope bridge; 
wooden bridge; culvert and multi-use overpass. Data on relative population size would be 
collected at both control and treatment sites before and after mitigation and road 
construction. This could be collected using a number of methods including; mark recapture 
methods, genetic identification from scat, hair samples or radio tracking. Each treatment 
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would be replicated along the route and control sites would be located out with the Zone of 
Influence (ZoI). 
 
Note: As stated above Approach four methods will generally be more costly and resource 
intensive and therefore will be rare but will provide a greater understanding of the 
effectiveness of mitigation structures on a wider scale. Such experimental studies would 
have greater inferential strength and power than alternative approaches. Rytwinski et al 
(2015) includes a number of case studies, if further examples are desired. 
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5. STEP SELECTION 

5.1 Introduction 

There are six steps to designing a mitigation monitoring study. Each requires careful 
consideration of a number of factors which will vary significantly between studies. Due to this 
variation and the numerous starting points available for a mitigation monitoring study, it is 
simpler to explain each of the steps independently since representing the process as a fixed 
sequential procedure is misleading and will potentially add unnecessary complexity. The six 
steps are detailed below: 
 
 Step 1: Selecting species to study  
 Step 2: Selecting mitigation structure to study 
 Step 3: Selecting site to survey 
 Step 4: Selecting Approach 
 Step 5: Selecting surveying method 
 Step 6: Selecting study design and planning statistical analysis 
 
The starting point identified during the desk study will correspond to one of the six steps 
above. This should be recorded as this step will require no further investigation throughout 
the decision making process and thus can be regarded as complete. All steps need to be 
investigated and recorded although the sequence will be influenced by the starting point. For 
example, if the starting point is ‘Investigate the effectiveness of bat bridges’ then Step Two: 
Mitigation structure (bat bridges) is the starting step. The next step to complete will be Step 
One: Selecting species then Step Three: Selecting site, and so on.   
 
After the initial identification of a starting point and which step it corresponds to then the 
decision making process can begin.  
 
5.1.1 Terminology 

 Start sheet: This two-page document found under Annex 7 was briefly introduced in 
Desk study, Section 3. It contains a table with priority species and mitigation structures 
that may be selected for a mitigation monitoring study. Additionally, Approaches 1 to 4 
are listed as column headings with space to record survey method of possible 
experiments. 

 
 Target species: The target species is the species selected for the mitigation monitoring 

study. 
 
 Target mitigation: The specific mitigation structure or mitigation structure selected for a 

mitigation monitoring study. 
 
5.2 Flow chart 

The decision-making process for setting up a mitigation monitoring plan is presented here 
within a series of flow charts. Follow on from Flow chart 1 (Annex 6) from the desk study. 
The flow charts provide a reference for the relevant section within the text, where extra 
information or guidance can be found if required.  
 
Annex 9 lists a range of possible mitigation monitoring study designs for the four different 
approaches and highlights the possible target species and survey methods applicable for 
each. The financial, time, expertise and statistical analysis requirements are categorised as 
low, medium, high or very high for each option. This categorisation is qualitative relative to 
the other criteria listed in the table. The number of explanatory variables to collect is 
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indicated and it is important to note that these factors must be collected to ensure 
conclusions are robust and accurate. The number of explanatory variables to consider is 
mostly classified as high or very high although most factors will not require a large financial 
output to assess. The complexity of the statistical analysis generally increases with the 
number of explanatory variables and the complexity of the study. 
 
Annex 9 aids selection of approach, species and/or survey method. If there is a severe 
limiting factor influencing the decision making process, for example, if there is a limited 
amount of funds available for a potential study then by using the table it is possible to identify 
the approaches and survey method with the lowest financial requirements. This should be 
chosen as a starting point and the remaining steps of the decision-making process 
completed using the flow charts and Annex 9 as a guide.  
 
5.3 Survey constraints 

Below is a list of possible survey constraints that will need to be considered during species, 
site and study design selection stages of the flow chart. This list is not exhaustive and not all 
points will be relevant to each situation. If a serious constraint is present in a particular 
situation then it may not be necessary to change species, site, etc. but it is always essential 
to account for it. In such circumstances it would be advisable to seek guidance from a 
statistician or experimental design specialist to guarantee that any constraints are 
appropriately accommodated and ensure no detrimental impact on data quality and project 
output.  
 
 Land Use Change: If there is to be, or has recently been, a significant change in land use 

in or adjacent to the chosen survey area during the course of mitigation monitoring, not 
including the development itself, this could have a serious impact on the quality of the 
study. For example, if studying the effectiveness of culverts for badgers and woodland 
within the badger territory is to be felled this could have a large impact on badger 
behaviour, population size, territory, etc. Any mitigation monitoring conclusions would be 
inseparable from impacts of land use change unless the confounding factors were 
accommodated. 

  
 Access: If access to land is difficult or withheld during certain times of the year this will 

affect data quality, particularly if key life history stages such as migration or juvenile 
dispersal will be unmonitored. Factors that may affect access include: 

 
 Shooting/hunting season; 
 Weather (regular flooding, landslides, snow); 
 Lambing season; 
 Forestry or construction works at access roads; 
 Health and safety of surveyor if site is dangerous/remote; 
 Sensitivity of other animals within habitat (no access to woodland survey 

sites/cameras during capercaillie lekking season). 
 

 Population control: If the selected species is subject to legal control or illegal persecution 
then this should be taken into account. For illegal persecution this could be difficult or 
impossible and if so, a different species should be selected. 
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6. STEP 1: SELECTING SPECIES 

Table 7 highlights possible survey methods and species that could be selected for each 
study design1.  
 
6.1 Rare or elusive species 

Rare and/or elusive species would require special consideration when designing survey 
methodology due to significant impacts on the associated costs, time requirement and level 
of difficulty of the study. However, rare or elusive species are prime target species for 
mitigation monitoring as they are highly sensitive to the habitat and land use change 
associated with infrastructure development but they should only be selected if long term 
funding is guaranteed. Nationally rare or elusive species are marked on Table 5 but this 
does not take into consideration small localised populations which may fall into this category.  
 
The main considerations and impacts of selecting a rare or elusive species are: 
 
 there would likely be a lack of existing data meaning that any conclusions and data 

collected will be of greater value but limit the historical context of any conclusions; 
 
 longer surveying duration due to: 
 
 species may be slow to respond to any change/disturbance and new mitigation 

measures 
 it takes longer to collect the necessary number of data points (discussed further in 

Section 11) 
 

 higher financial costs: if cost is the primary limiting factor for the mitigation monitoring 
project it may be more beneficial to select an alternative species;  

 
 control sites: locating and surveying replicate or control sites will be more time 

consuming and costly for a rare species. There is also a possibility that no control sites 
will be available with the necessary specifications, demanding a more complex study 
design and survey duration with increasing costs, time and expertise;  

 
 limited existing datasets; 
 
 lack of available knowledge for species: 
 population densities 
 response to roads (avoiders, non-responders) 
 size of Road Effect Zone (REZ) 
 possible lack of data on the most effective survey techniques 
 possible lack of data on the bias associated with different survey techniques 

 
 limited qualified/experienced surveyors (e.g. for identifying hybrid vs pure bred wildcats 

from camera trap data) resulting in increased training time and costs or initial low quality 
data analysis. 

                                                 
1 Deer are included in the list of species for a mitigation monitoring study but have been removed from 
Annex 7. There are a large number of considerations associated with such a study. Primarily, deer are 
not of conservation concern and therefore there are few mitigation structures installed with deer as a 
target species. Additionally, deer are widely managed and subject to control, making them a difficult 
choice for any study as observations made through mitigation monitoring have to be separated from 
population fluctuations and impacts from management. Deer fencing is a common form of mitigation 
used to reduce deer vehicle collisions and protect human health and safety and could therefore still 
be the subject of useful mitigation monitoring.  
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6.2 Surveying multiple species 

Survey designs 1.1 and 1.3 identify all species using a mitigation structure, most likely 
through a combination of different surveying techniques. It is acceptable to select more than 
one target species for all other experiments. In such circumstances where multiple species 
are to be surveyed, the following points should be assessed:  
 
 ensure one species will not affect the other by using the mitigation structure, e.g. 

predator-prey interactions  
 
 confirm species do not respond differently to surveying equipment or methodology, e.g. 

one species avoids camera traps and the others do not; 
 
 ensure species are surveyed using the same methodology (e.g. ink pads) to avoid 

excessive disturbance from using multiple methods. This will also reduce costs. If more 
than one survey method is used ensure that any behavioural consequences are fully 
understood and accommodated;   

 
 if necessary, i.e. Approach four only, check that species use similar habitats to ensure 

any controls or replicates are valid and available;  
 
 if necessary, i.e. Approach four only, species will each have separate mitigation goals 

due to any difference in population density, response/recovery times, reproductive 
output, etc.  
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7. STEP 2: SELECTING MITIGATION STRUCTURE 

Table 5 shows which mitigation structures are or have been used by the possible species 
selected for monitoring. This does not mean that the identified mitigation types are 
constructed solely for the corresponding species, only that use has been recorded. This 
information was recorded as part of the literature review. Records of use that are rare or 
unusual are noted within the table in addition to mitigation structures proven to be ineffective.  
 

Table 5. Mitigation structures used by species 

Species 

Mitigation Type 
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Badger X    X X² X   X X  X 

Bats (General) X X¹ X  X  X    X   

Beaver ?    ? ?² X   ? ? ? X 

Birds (General) X  X    X    X  X³ 
Capercaille* & 
Black Grouse* 

X      X    X  X³ 

Deer X    X²  X    X X¹ X 

Fish (General)     X   X X     
Geese & 
Wildfowl 

X      X    X  X³ 

Great Crested 
Newt 
(Amphibians 
General) 

X    X X X    X  X 

Otter X    X X² X   X X X¹ X 

Pine Marten X   X¹ X ? X   X X  X 

Red Squirrel X   X X¹ ? X¹   X X¹  X 

Reptiles X    X X X    X  X 
Scottish 
Wildcat* 

X    X X² X   X² X X¹ X 

Water Vole X    X X X   X X  X 

 
* Rare or elusive species 
 ¹ Recorded use of mitigation by species but limited evidence of effectiveness or mitigation proven to 
be ineffective. 
² Species can use this mitigation structure if it is large enough. 
³ Mitigation can avoid collisions with traffic but may pose a collision risk itself.  
? Use of mitigation structure unknown but possible considering species ecology and physiological  
capabilities.  
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8. STEP 3: SITE SELECTION 

Selecting the most appropriate site(s) to survey is dependent on the species and mitigation 
structures chosen. The availability of replicate survey sites and the habitat of available sites 
will dictate what approaches are suitable for the mitigation monitoring study along the route 
corridor. Likewise, a selected approach will also have a considerable impact on what survey 
sites to select, particularly if the aim of the study requires the selection of multiple sites or a 
control. 
 
Due to the close connection between Step 3: Site selection and Step 4: Approach, it should 
be expected that these steps may be interchangeable. For example if selecting an approach 
for a single mitigation structure then site will already be selected or if selecting a specific site 
then only one approach may be appropriate.  
 
8.1 Selecting control site  

If a control is necessary, most likely for Approach three and/or four, the control site must be 
similar to the primary study site in every way except one, i.e. the factor being investigated. 
The range of possible approaches detailed within this document makes the discussion of 
controls complex. As with any other aspect of experimental design the key decisions require 
an understanding of the study’s specific circumstances. Depending on the aim of the 
investigation there can be two main controls:  
 
 a control without a road which will allow comparisons to be made between ‘natural’ 

populations and the road-affected populations with mitigation; 
 
 a control on an existing similar road or section of the same road that has no mitigation to 

allow comparison between unmitigated and mitigated populations. 
 
The target species for the mitigation monitoring study will shape the required characteristics 
of any control site. It is possible that controls will be unavailable within the narrow route 
corridor particularly if the target species has a large movement range and low population 
density. Any control sites must be out with the zone of influence. 
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9. STEP 4: APPROACH SELECTION 

How to select the appropriate approach for the relevant circumstances is covered within the 
flow charts with no need for additional explanation or the use of aids. However, as discussed 
in section 4.4 any Approach four studies require statistical advice. As these studies would 
involve the assessment of responses to mitigation it is important to create quantifiable 
measures of success. The framework for developing SMART (Specific, Measurable, 
Achievable, Reliable and Time-framed) mitigation goals is applicable here and how to 
develop such goals is discussed in below.  
 
9.1 SMART Mitigation Goals 

Once a target species/species group and mitigation type have been identified a testable 
quantifiable mitigation goal has to be created which forms the foundation of the monitoring 
plan. Table 6 contains examples created for offline and online developments where baseline 
data are available or unavailable. 
 
It is important to consider the type of development that is being carried out or planned. 
Whether a road is being built online or offline will influence the SMART mitigation goal, as 
may the availability of an existing dataset. If construction has started or has been completed 
and there is no baseline data then controls can be used instead to infer any species 
changes. Controls and other experimental design factors are discussed fully in (Section 8 
and 11 respectively).  
 
Step 1: Identify the road impact that is being mitigated.  
 

A) If a mitigation plan for the development has been created then the specific reason for 
the mitigation will be discussed, e.g. DMU to mitigate fragmentation of otter habitat and 
increase permeability of the road. 
 
B) If this information is unavailable then there is an opportunity to select whichever road 
impact mitigated by the structure would be of greatest interest or where there is an 
existing dataset or other feature. For example, an existing dataset documenting 
movements of species A would provide a possibility of testing the impact of a new DMU 
on movement patterns and the barrier effect.    

 
Step 2: Quantify the expected reduction in road impact.2 
 

A) Refer to development publications for any generalist (e.g. limited net loss, no net loss) 
or quantifiable mitigation goal (X% decrease in collisions). Use these goals to check or 
create (see Step 2B) a specific and realistic target level that will be used to judge the 
success or failure of mitigation.  
 
B) Using expert opinion based on population estimates/surveys, habitat surveys and 
species ecology, create a quantitative target that mitigation should achieve. Be aware that 
this goal should be species and site specific.  For example, a ten per cent reduction in 
badger populations after road construction may be acceptable for a large population but 
unsustainable for a small population of a species of higher conservation concern.  

 

                                                 
2 Care must be taken when setting numerically based targets in relation to road projects.  The 
approach requires detailed understanding of population level issues prior to the project construction 
and establishment of a fully evidenced baseline against which to measure any change which is 
unlikely to be routinely available in many cases.  Any comparison of before/after scenarios will also 
require to account for factors unrelated to the road construction that have the potential to cause an 
impact and how these will be accounted for should be agreed prior to setting the target. 
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Step 3:  Specify goal timescale 
 

A) Create a realistic survey timescale over which to observe population and/or 
behavioural changes caused by the mitigation. This should be as long as possible with 
consideration given to financial and resource availability. The shorter the timescale the 
less chance there is of detecting any impact of the mitigation. Long-lived species with a 
slow reproductive output may need decades to acclimatise and/or respond to mitigation. 
Short-lived species with a high reproductive output will generally respond more quickly. 
Survey duration should be a minimum of three years (Luell, 2003) or longer if species 
require a long period to adapt to change.   

 

Table 6. Examples of SMART mitigation goals for Approach four mitigation monitoring 

Road effect Target Level in Road Mitigation 

Vehicle Collisions3 In year X after mitigation has been constructed vehicle collisions with species A 
have reduced by Y% or are Y% or lower than control or baseline levels 

Barrier effect In year X after road species A uses territory severed by infrastructure the same 
as or Y% of pre upgrade levels 

 In year X after road and mitigation construction has been completed as part of 
online dualling species A uses mitigation Y% or more than previously recorded 
before dualling. 

Reduced 
population density 

In year X after road or mitigation upgrade has been completed activity of bat 
species A in proximity to the road is y% of pre-upgrade or control levels  

 
 

                                                 
3 Using collision data or surveying animal casualties can be unreliable and care must be taken to 
ensure that estimates account for non-fatal collisions, animals fleeing and dying elsewhere, and/or 
carcass removal or destruction by scavengers or traffic. Such estimates are difficult to accurately 
predict or calculate and even in carefully designed studies there may still be significant inaccuracies 
or biases which may reduce the reliability of conclusions. If collision data is to be used advice should 
be sought from a statistician and a species specialist to ensure biases and confounding factors are 
minimised or negated. SNH (2009b) provides guidance on calculating carcass removal rates and 
accounting for search bias. Existing collision data is unlikely to be usable but collision data collected 
specifically for mitigation monitoring where the above constraints have been accounted for would be 
useful.    
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10. STEP 5: SURVEY METHOD SELECTION 

Selecting the most appropriate survey method will depend on the species and mitigation 
structure to be surveyed. Table 8 states the most commonly used survey methods for the 
selected species and can be used to guide survey method selection.  
 
Best practice survey guidelines for the selected species are covered extensively elsewhere 
(see references in Table 7). Guidelines or information sources for additional survey methods 
and technologies that may be appropriate for mitigation monitoring such as the use of eDNA 
and Unmanned Aerial Vehicles (UAV) are also listed in Table 7. Survey methods and 
guidance are constantly updated and are therefore not discussed in detail within this report 
to avoid the need for frequent review. Table 9 illustrates optimum survey times for the range 
of species. This calendar is a rough guide only as seasons may vary depending on local 
climate. For example, there is expected to be variation in seasonal windows between the 
A96 in the north and the southern stretches of the A9.  
 
Completing a literature search to identify the most current survey methods and study 
designs will increase the overall quality of mitigation monitoring. References listed within the 
bibliography Section 14 provide an introduction to mitigation monitoring survey methods from 
within the scientific literature and a starting point for research targeted towards a specific 
species or mitigation structure etc. The following section provides additional notes and 
considerations as examples of information to record and look for during an initial literature 
search.   
 
10.1 Additional Notes 

Baited survey methods cannot be used for mitigation monitoring studies as they draw 
animals into or towards mitigation giving a false view of its normal use. Unfortunately, this 
rules out the use of hair traps to monitor use of mitigation by red squirrels. This is usually a 
favoured survey method for squirrels as it allows for quick and effective distinctions to be 
made between native red squirrels and invasive greys. Squirrels are unlikely to travel 
through hair traps without encouragement and the difference between baited and unbaited 
traps has not been investigated sufficiently to be able to account for the resulting bias which 
this could have on the survey results.      
 
Basic bait marking surveys for badger can be carried out as part of initial survey during the 
environmental assessment stages of a development to determine the social group belonging 
to a sett or territory feature. Such assessments of territory boundaries are not common and 
are only carried out when necessary to inform decision-making processes or possibly when 
replacement setts are to be created. Such studies and corresponding data records are, 
however, sometimes carried out by local NGOs and this could be a useful dataset to utilise, 
particularly if a direct comparison could be made between pre construction and post 
construction territory boundaries. It should be remembered that territory marking behaviour 
alters throughout the seasons and so any survey investigating territory size or changes 
would have to consider these variations. 
 
Natural and unnatural variation in the population densities of target species between years, 
habitats and locations can have a large impact on any study output if not accounted for. For 
example, a long delay between mitigation going live and the time of first use may be due to 
ineffective mitigation or due to a low population caused by control. 
 
Eldridge and Wynn (2011) observed that prints left in a clay tracking pad sometimes showed 
tracks in one direction. This means that badgers may cross a road through one underpass 
and return through another or may not return the same night at all, sheltering in outlier or 
subsidiary setts. This should be considered when monitoring mitigation which is in close 
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proximity to other similar structures providing the same function such as culverts or 
underpasses. If this behaviour is observed during the pilot study the survey method or 
design may need to be altered (see Section 11 for discussion on pilot study). If alternative 
crossing structures are in close proximity to the structure being investigated it may be useful 
to record the distance to the nearest alternative structures as an explanatory variable.  
 

Table 7. References of best practice guidance for survey  

Species/ 
Species 
Group 

Survey guidelines and resources 

Amphibians Gent, T. & Gibson, S. eds. 2003. Herpetofauna Workers Manual 2nd Ed. Joint Nature 
Conservation Committee JNCC Peterbourgh. 

Sewell, D., Griffiths, R.A., Beebee, T.J.C., Foster, J. & Wilkinson, J.W. 2013. Survey 
protocols for the British Herpetofauna: Version 1.0. Available from: 
http://www.narrs.org.uk/documents/Survey_protocols_for_the_British_herpetofauna.
pdf [Accessed on 13 February 2017]. 

Badger 

 

SNH, 2003. Best Practice Guidance - Badger Surveys. Inverness Badger Survey 
2003. Scottish Natural Heritage Commissioned Report No. 096.  

SNH, n.d. Best practice badger survey guidance note. Available from:  
http://www.snh.gov.uk/docs/B957619.pdf [Accessed 30 November 2016]. 

Bats 
(General) 

Mitchell-Jones, A.J. & McLeish, A.P. eds. 2004. Bat Workers Manual 3rd ed. Joint 
Nature Conservation Committee, Peterborough. 

Collins, J. 2016. Bat Surveys for Professional Ecologists: Good Practice Guidelines 
3rd ed.  Bat Conservation Trust.  

Beaver Campbell-Palmer, R., Gow, D.,  Campbell, R., Dickinson, H., Girling, S.,  Gurnell, J., 
Halley, D., Jones, S., Lisle, S.,  Parker, H., Schwab, G. & Rosell, F. 2016. The 
Eurasian beaver handbook: ecology and management of Castor fiber. Pelagic 
Publishing, Exeter. 

Birds 
(General) 

SNH, 2014. Guidance: Recommended bird survey methods to inform impact 
assessment of onshore wind farms. Available from: 
http://www.snh.gov.uk/docs/C278917.pdf [Accessed 31 March 2017]. 

Capercaillie 
& black 
grouse 

Haysom, S. 2013. Guidance: Capercaillie survey methods. SNH. Available from: 
http://www.snh.gov.uk/docs/A863292.pdf [Accessed 30 November 2016] 

Deer Best Practice Guidance, n.d. Index to all guides. Available from:  
http://www.bestpracticeguides.org.uk/guides [Accessed 14 February 2017]. 

Fish 
(General) 

Fisheries and Aquaculture Management Division, n.d. Guidelines for sampling fish in 
inland waters. Food and Agriculture Organisation of the United Nations (FAO). 

Freshwater 
pearl 
mussel 

Cosgrove, P., Hastie, L., MacDougall, K. & Kelly, A. 2007. Development of a remote 
deep-water survey method for freshwater pearl mussels. Scottish Natural Heritage 
Commissioned Report No. 263.  

SNH, n.d. Freshwater pearl mussel survey protocol for use in site-specific projects. 
Available from: http://www.snh.gov.uk/docs/A372955.pdf [Accessed 3 November 
2016]. 

Geese & 
other 
wildfowl 

SNH, 2014. Guidance: Recommended bird survey methods to inform impact 
assessment of onshore wind farms. Available from: 
http://www.snh.gov.uk/docs/C278917.pdf [Accessed 31 March 2017]. 

Great 
crested 
newt  

Gent, T. & Gibson, S. eds. 2003. Herpetofauna Workers Manual 2nd Ed. Joint Nature 
Conservation Committee JNCC Peterbourgh. 

SNH, n.d. Guidelines for trapping Great Crested Newts (Triturus cristatus). Available 
from:  http://www.snh.gov.uk/docs/C210988.pdf [Accessed 9 January 2017]. 

Sewell, D., Griffiths, R.A., Beebee, T.J.C., Foster, J. & Wilkinson, J.W. 2013. Survey 
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protocols for the British herpetofauna: Version 1.0. Available from: 
http://www.narrs.org.uk/documents/Survey_protocols_for_the_British_herpetofauna.
pdf [Accessed 13 February 2017]. 

Otter Chanin, P. 2003. Monitoring the Otter Lutra lutra. Conserving Natura 2000. Rivers 
Monitoring Series No 10. English Nature, Peterborough. 

Chanin, P. 2005. Otter surveillance in SACs: testing the protocol. English Nature 
Research Report No 664. English Nature, Peterborough. 

SNH, n.d. Scottish Wildlife Series: Otters and Development- Mitigation. Available 
from: http://www.snh.org.uk/publications/on-line/wildlife/otters/mitigation.asp 
[Accessed 10 November 2016]. 

Ogada, M.O. 2004. Scats and glue – a cheap and accurate method for mapping 
African Clawless Otter Aonyx capensis (Schinz, 1821) territories in riverine habitat. 
IUCN Otter Specialist Group Bulletin, 21(1): 36-39. 

Pine marten Croose, E., Birks, J.D.S. & Schofield, H.W. 2013. Expansion zone survey of pine 
marten (Martes martes) distribution in Scotland. Scottish Natural Heritage 
Commissioned Report No. 520. 

SNH, n.d. The pine marten. Available from: 
http://www.snh.gov.uk/docs/A253114.pdf [Accessed 30 November 2016]. 

Red 
squirrel 

Gurnell, J., Lurz, P. & Pepper, H. 2001. Practical Techniques for Surveying and 
Monitoring Squirrels, Forestry Commission Practice Note. 

Lurz, P.W.W. & Garson, P.J. 1997. Red squirrel monitoring: the potential of hair-
tubes for estimating squirrel abundance. Practice Note. Forestry Commission, 
Edinburgh. 

Reptiles Gent, T. & Gibson, S. eds. 2003. Herpetofauna Workers Manual 2nd Ed. Joint Nature 
Conservation Committee JNCC Peterbourgh. 

Sewell, D., Griffiths, R.A., Beebee, T.J.C., Foster, J. & Wilkinson, J.W. 2013. Survey 
protocols for the British herpetofauna: Version 1.0. Available from: 
http://www.narrs.org.uk/documents/Survey_protocols_for_the_British_herpetofauna.
pdf [Accessed 13 February 2017]. 

Scottish 
wildcat 

Kilshaw, K. & Macdonald, D.W. 2011. The use of camera trapping as a method to 
survey for the Scottish wildcat. Scottish Natural Heritage Commissioned Report No. 
479. 

SNH, n.d. Scottish Wildcat Surveys. Available from: 
http://www.snh.gov.uk/docs/A1267895.pdf [Accessed 21 April 2017]. 

Davis, A.R. & Gray, D. 2010. The distribution of Scottish wildcats (Felis silvestris) in 
Scotland (2006-2008). Scottish Natural Heritage Commissioned Report No. 360. 

Water vole The Mammal Society, 2016. Water Vole Mitigation Handbook. Available from: 
http://www.snh.gov.uk/docs/A1959339.pdf [Accessed 5 April 2017]. 

Wood ant Hughes, J. & Broome, A. 2007. Forests and Wood Ants in Scotland: Information 
Note. Forestry Commission, Edinburgh. Available from: 
https://www.forestry.gov.uk/pdf/fcin090.pdf/$FILE/fcin090.pdf [Accessed 30 
November 2016]. 

eDNA Freshwater Habitats Trust, n.d. What is eDNA? Available from: 
http://freshwaterhabitats.org.uk/projects/edna/edna/ [Accessed 1st March 2017]. 

PondNet, Freshwater Habitats Trust, n.d. How to: Collect an eDNA sample. 
Available from:  http://freshwaterhabitats.org.uk/wpcontent/uploads/2015/03/eDNA-
method-protocol.pdf  [Accessed 18 January 2017]. 

UAV Hodgson, J.C., Baylis, S.M., Mott, R., Heron, A. & Clarke, R.H. 2016. Precision 
wildlife monitoring using unmanned aerial vehicles. Scientific Reports, DOI: 
10.1038/srep22574. 

Genetic 
Tagging 

Williams, B.W., Etter, D.R., Linden, D.W., Millenbah, K.F., Winterstein, S.R. & 
Scribner, K.T. 2009. Noninvasive hair sampling and genetic tagging of co-distributed 
fishers and American martens. The Journal of Wildlife Management, 73(1), 26-34. 
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Table 8.  Survey methods   

 
 

 Remote Sensing 
Direct 

Observati
on 

eDNA/ 
Genetic 

identificat
ion 

Tracks/ 
Signs 

Drone 
and 

Aerial 
surveys 

 
Camera 

Trap 
Track 
Pads 

Hair 
Traps 

Bat 
Detector 

Night 
Vision 

Scopes 
Infra-Red 
Cameras CCTV 

Heat 
Sensors 

Amphibians             

Badger             

Bats (General)       v      

Beaver             

Birds (General)             
Capercaillie & Black 
Grouse 

            

Fish (General)             

Geese & Wildfowl             

Great Crested Newt             

Otter             

Pine Marten             

Red Squirrel             

Reptiles             

Scottish Wildcat             

Water Vole             
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Table 9. Example survey calendar. (Amended from SNH n.d.)  
 

 
 

Optimal 
Survey 
Period 

 Limited 
Survey 
Period 

 Surveys 
not 
possible 

Amphibians Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Newts hibernating Pond surveys for adults/ terrestrial 

surveys/ egg surveys March to mid-
June/ Larvae surveys from mid-April  

Larvae and refuge 
surveys 

Refuge 
surveys 

Newts hibernating 

  
Badgers Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Limited 
sett/bait 
surveys 

Sett surveys and bait marking  Sett monitoring Sett surveys and bait marking  Limited 
sett/bait 
surveys 

  
Bats Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Inspection of hibernation, tree and 
building roosts 

Limited 
activity 

Summer roost emergence and activity 
surveys. Maternity roosts start to form in May, 

females give birth in June; Mating starts in 
September. 

Limited 
activity 

Inspection of 
hibernation, tree and 

building roosts 

  
Beaver Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Reduced 
activity 

Optimum survey period for field 
signs  

Surveys possible but signs may 
be obscured by vegetation 

Optimum survey period for field 
signs 

Reduced 
activity 

  
Capercaillie 
and Black 
Grouse 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Peak activity Lekking surveys    

(May be earlier 
in warm 
weather) 

Surveys can be constructed all year round, (weather permitting) depending on 
the type of survey. 

  
Fish 
(General 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
For coastal, river and stream dwelling species the timing of the surveys will depend on the migration pattern of the species concerned  
Where surveys require information on breeding, the timing of surveys will need to coincide with the breeding period which is species -

specific 

  
Great 
Crested 
Newt 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Newts hibernating Pond surveys for adults/ terrestrial 

surveys/ egg surveys April to mid-
June/ larvae surveys from mid-April  

Terrestrial 
habitat and 

larvae surveys 

Terrestrial habitat 
surveys 

Newts hibernating 

  
Otter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Limited by vegetation cover and weather conditions rather than season 

  
Pine Marten Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Surveys may be constructed all year round weather permitting. Optimum time is spring and summer. Surveys for breeding dens from 
March to May 

  
Red Squirrel Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Surveys may be constructed all year round weather permitting. Optimum time is spring and summer. Surveys for breeding females from 
December to September 

  
Reptiles Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Reptiles hibernating Basking refugia surveys. Peak survey 
months are April and May 

Reduced 
basking time 

reduces 
effectiveness 

of refugia 
survey 

Peak 
survey 
month 

Limited 
activity 

Reptiles hibernating 

  
Scottish 
Wildcat 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Surveys may be constructed all year round weather permitting.                                                               

  
Water Vole Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Low 
activity 

Initial 
habitat 
survey 

Habitat and field signs / activity surveys. May be limited by vegetation cover and 
weather May to September in upland areas 

Initial 
habitat 
survey 

Low 
activity 
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11. STEP 6: STUDY DESIGN AND STATISTICAL ANALYSIS 

11.1 Study design  

As suggested throughout, but with particular reference to Approaches 3 and 4, it is important 
to consult a statistician and species specialist when developing a study design to ensure 
adequate inferential strength and statistical power. Identifying the number of data points and 
method of statistical analysis are essential steps when designing any study and should be 
identified and confirmed prior to any data collection (see bibliography for introductory 
literature on the subject).  
 
Pilot studies are an essential component to most studies and should be completed as part of 
mitigation monitoring where appropriate. Some approaches and study designs discussed 
previously are not compatible with a traditional pilot study such as monitoring to identify the 
time of first use of a mitigation structure. As the survey has to start when mitigation goes live 
there is not time to complete a pilot study using live mitigation. However a similar mitigation 
structure could be used to check the positioning of survey equipment, data recording 
methods and identify any unforeseen complications.    
 
Most explanatory variables would be recorded at the beginning of every standard survey e.g. 
date, time, weather, habitat, location, and name(s) of surveyors. There are certain features, 
however, that may influence use or species activity that would also have to be recorded. For 
example, if studying culverts then the following factors are considered to be explanatory 
variables: culvert shape; size (length, width, area and openness); culvert material and finish; 
presence or absence of water or vegetation; water depth; percentage cover of water; 
proximity to human habitation; habitat and features up to a 500m radius of culvert. This is in 
addition to standard measurements or other variables including traffic volume, distance to 
alternative crossing structures, etc. (Serronha et al., 2012; Clevenger et al., 2001). The 
greater the number of explanatory variables incorporated into the study design the more 
replicates or data points required. If there are not enough replicates or data points then 
explanatory variables can be reduced. A thorough literature search should highlight variables 
most likely to influence use. The bibliography section 14 provides a starting point for a 
literature search. 
 
11.2 Study Timing and Duration 

The duration and frequency for mitigation monitoring will vary depending on the mitigation 
objectives, monitoring objectives and species ecology.  
 
The duration of monitoring within the published literature ranges from 4 days to eight years 
(van der Ree et al., 2007). The longer the survey duration the more robust the conclusions 
as natural variation is more likely to be understood and able to be standardised. If 
investigating the effectiveness of mitigation structures then the factor being recorded will 
influence survey duration, for example if studying population viability, genetic differentiation 
or similar, then the response time from mitigation construction to an observable effect will be 
greater.     
 
If mitigation has been constructed to maintain a juvenile dispersal route then monitoring may 
be justifiably limited to that period or if mitigation is constructed to maintain daily commuting 
corridors then use should be monitored throughout the year. Additionally if the species life 
cycle identifies periods of inactivity or absence then these periods may also be excluded 
from survey for example, during seasonal migrations or hibernation. It should be 
remembered that data collected within a specific season cannot be compared to data 
collected during an alternative season due to this natural variation in activity.   
 



 

35  

Luell et al. (2003) recommend that monitoring should cover a period of three years minimum 
because the evaluation of effectiveness should not incorporate data collected immediately 
after the mitigation structure is usable. This is because animals will need a chance to 
become accustomed to the mitigation structure and adapt to any wider habit changes 
associated with the development. Evidently, this will not include approaches aimed at 
identifying mitigation use, for example, time of first use or how frequency of use changes 
over time.  
 
The survey timescale used to complete STRIPE during years one, three and five is 
appropriate for mitigation monitoring, ensuring that monitoring is completed over a long 
enough time frame to gain usable conclusions but with a reduced cost. It is acceptable to 
carry out monitoring periodically for example collecting camera trap data for one week then 
stopping for two weeks.   
 
If it is necessary to collect a certain number of data points to ensure statistical power and 
significance then a longer survey period will be required for rare species. Conversely, if the 
species is common the survey period may be shorter.  
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12. POST-SURVEY 

12.1 Publication of results 

As discussed earlier a key constraint to furthering the scientific understanding of mitigation 
structures is the absence of adequately collected monitoring data. To negate this problem 
any conclusions of a mitigation monitoring study should be compiled into a widely available 
report or other publication. Unpublished data should, if possible, also be transferred to a data 
centre such as NBN Atlas Scotland. This ensures data is processed and stored correctly and 
available for future use. Table 4 shows the minimum information required to accompany a 
dataset. 
 
12.2 Meta-analysis 

If mitigation monitoring is implemented repeatedly and the data is available, there is the 
possibility that the data sets could be combined to contribute to a meta-analysis study. Meta-
analysis combines and analyses existing datasets to extrapolate further conclusions and 
gain deeper understanding of a subject with little or no addition data collection. Such a study 
could be carried out by independent researchers, non-statutory bodies and other 
organsiations.  
 
12.3 Feedback loops 

If a mitigation monitoring study is executed appropriately any conclusions will be able to 
identify various interactions between the selected species and mitigation structures. The 
applicability of such conclusions may be limited, however, depending on the study’s design. 
The limitations of any conclusions should be clearly stated to ensure that the risk of 
misinterpretation is reduced. A statistician and/or species specialist should confirm the scope 
of any conclusions.  
 
If appropriate, robust conclusions may be used to aid future decision-making processes 
conducted as part of the development and mitigation design procedures in addition to the 
equivalent for mitigation monitoring studies. Future changes to legislation, guidance and best 
practice as well as improvements to our scientific understanding of the subject may impact 
the development process documented within this report. It is therefore important to updated 
and streamline this process when necessary.   
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15. GLOSSARY 

 
Active space The distance from the sender at which a signal can be detected 

by a receiver 
Confounding factor A factor that can adversely affect the relationship between the 

independent and dependent variables  
Explanatory variable A type of independent variable...When a variable is 

independent, it is not affected at all by any other variables. 
When a variable isn't independent for certain, it's an explanatory 
variable 

Inferential strength The ability of an experiment or analysis to adequately / fully 
answer the question posed  
 

Meta-analysis The statistical analysis of data collected from multiple studies 
Pseudoreplication When replicated data points are not independent of each other  
Zone of influence (ZoI) The area surrounding a road subject to ecological effects. Also 

known as the Road Effect Zone (REZ) 
Feedback loop When the output of a process is taken into consideration and 

used to adjust and improve its performance and response 
Biotic Derived from living organisms 
Abiotic Not derived from living organisms 
On line dualling When a road upgrade  conforms to the existing route 
Off line dualling When a road upgrade  does not conform to the existing route 

and a new road is constructed 
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16. ABBREVIATIONS 

 
AWPR Aberdeen Western Peripheral Route 

BACI Before After Control Impact  
BCT Bat Conservation Trust 
BRC Biological Records Centre  
BSBI Botanical Society for Britain and Ireland  
BTO British Trust for Ornithology 
CCTV Closed Circuit Television 
CEMP Construction Environmental Management Plan 
CI Control Impact 
CIEEM Chartered Institute of Ecology and Environmental 

Management  
CNPA Cairngorms National Park Authority 
DMRB Design Manual for Roads and Bridges 
DMU Dry Mammal Underpass 
DVC Deer Vehicle Collisions 
EA Environmental Assessment 
ECoW Ecological Clerk of Works 
eDNA Environmental DNA 
EIA Environmental Impact Assessment 
EMS Environmental Management System 
ESG Environmental Steering Group 
FCS Forestry Commission Scotland  
FWPM Fresh Water Pearl Mussel 
HBRG Highland Biological Recording Group Centre  
HRA Habitat Regulations Appraisal 
JNCC Joint Nature Conservation Committee 
NBN National Biodiversity Network 
NESBrec North East Biodiversity Records Centre  

NGO Non-Governmental Organisation 
REZ Road Effect Zone 
SAC Special Area of Conservation 
SEA Strategic Environmental Assessment 
SMART Specific Measurable  Achievable Reliable and Time-

framed 
SPA Special Protection Area 
SPP Species Protection Plan 
STRIPE Scottish Trunk Road Infrastructure Project Evaluation 
UAV Unmanned Aerial Vehicle 
WeBS Wetland Bird Surveys 
WVC Wildlife Vehicle Collisions 
ZoI Zone of Influence 



 

51  
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ANNEX 2: SPECIES/GROUPS FOR MITIGATION MONITORING STUDY  

 
Species/Group Scientific name 
Amphibians (General) Lissamphibia 
Badger Meles meles 
Bats (General) Chiroptera 
Beavers Castor fiber 
Birds (General) Aves 
Capercaillie & Black Grouse Tetrao urogallus & Lyrurus tetrix 
Deer  Capreolus capreolus (Roe) and Cervus 

elaphus (Red) 
Fresh Water Pearl Mussel Margaritifera margaritifera 
Fish (General) Osteichthyes 
Geese/Wildfowl (General) Ansemni/ Anseriformes 
Great Crested Newt  Triturus cristatus 

Otter Lutra lutra 
Pine Marten Martes martes 
Red Squirrel Sciurus vulgaris 
Reptiles (General) Reptilia 
Scottish Wildcat Felis silvestris grampia 
Water Vole Arvicola amphibius 
Wood Ant Formica aquilonia 
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ANNEX 3: DEFINITIONS OF MITIGATION STRUCTURES 

 
Mitigation Definition 

Badger Pipe A tunnel designed for use by badgers with various 
specifications and construction materials. 

Batrachian Passage See 'Amphibian Passage' definition. 
Box Culvert A square or rectangular shaped culvert of varying size 

usually made from concrete. 

Culvert A buried box, pipe or channel structure that allows a 
watercourse or excess water (surface or subsurface) 
to pass under infrastructure. Use of structure by 
animals can vary throughout the year depending on 
presence or absence of water. Commonly paired with 
a mammal ledge to ensure safe dry passage at all 
times of the year.  

Dry Ledge See 'mammal ledge' definition. 
Dry Mammal Underpass A dry tunnel of any shape or size used by most 

animals (depending on the size). 

Sheep/Cattle Creep See ‘Multi Use Underpass’ definition.  
Multi use underpass 
 

A dry underpass used primarily for farm access and 
livestock with a road or track.   

Amphibian Passage A culvert designed specifically for use by amphibians 
and reptiles to cross road. May be enclosed or have 
an open grated roof to allow rainfall to soak culvert 
substrate. Commonly used by other small 
vertebrates. 

Eco Bridge See 'Green Bridge' definition 

Ecoduct See 'Green Bridge' definition 

Environmental Bridge See 'Green Bridge' definition 

Open Span Bridge  A bridge that extends far beyond the banks of a 
waterway leaving the immediate area unblocked and 
undamaged by construction and completely open for 
any animal to walk under. 

Fauna Passage See 'Tunnel' description. 

Fencing 
 
 

Fencing placed along roadsides or mitigation 
structures to divert animals away from the road. 
Fencing specifications vary depending on target 
species. 

Fish Ladder A fish pass which aids the movement of fish around 
natural or un-natural barriers. 

Fish Passes A device/structure that ensures the safe and 
successful passage of fish at all life-cycle stages 
whilst migrating either upstream or downstream. 

Fish Screen A device to stop fish swimming or being drawn into 
pipe inlets or outlets.   

Gantries See 'Bat Bridge' definition. Gantries is also a term 
used to describe a different feature in road 
construction. Due to this the term gantries will not be 
used in this report to avoid possible confusion 
although it is important to note that it remains a 
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common and widely used term within ecology, 
conservation and scientific literature 

Green Bridge An overpass with the primary function of providing 
wildlife benefit by linking habitats or populations 
separated by linear infrastructure with soil or other 
material that allows the establishment of vegetation. 

Hop Overs Mitigation that forces bats to fly over the height of 
traffic through managing old or planting new 
vegetation or raising road verges.  

Land Bridge See 'Green Bridge' definition 

Landscape Bridge A Green Bridge over 80 meters wide created solely 
for wildlife to cross infrastructure with the surface 
covered or partially covered with vegetation. 

Mammal Ledge A platform fixed to a culvert for use by mammals 
travelling along the waterway. 

Multi Use Overpass An overpass designed for mixed human and wildlife 
benefit.  

Multi Use Underpass An underpass designed for mixed human and wildlife 
use, possibly incorporating a road or track. Commonly 
used for farm access or for moving livestock. 

Overpass A bridge or other passageway over linear 
infrastructure 

Pipe Culvert A round culvert of varying size and material. 
Reflectors Reflectors placed along roadsides to divert light onto 

the nearby verges discouraging animals from the road 
surface when vehicles are nearby. 

Rope Bridge A rope connecting trees on opposite sides of a barrier 
to facilitate arboreal animals crossing without having 
to do so at ground level.  

Small Mammal Underpass A tunnel designed for use by small mammals with 
various specifications and construction materials. 

Tunnel A dry underpass, round or square, used by wildlife to 
travel between habitats severed by transportation 
infrastructure. 

Underpass A passageway under infrastructure 

Vegetated Overpass See 'Landscape Bridge' definition 
Viaduct See ‘Extended Stream Crossing’ 

definition. 
Watergate A barrier placed across a waterway to prevent 

livestock and deer from traveling through it. 

Wildlife Overpass The same definition as for a landscape bridge but 
smaller in size. 

Wildlife Shelf See 'mammal ledge' definition. 
Wire Bat Bridge  
(Wire Bridge/Bat Bridge/ Gantries) 

A wire or mesh bridge raised above the road to 
encourage bats to fly above traffic at specific pre-
selected crossing sites.  
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ANNEX 5: AN INTRODUCTION TO STRIPE  

The Scottish Trunk Road Infrastructure Project Evaluation (STRIPE) is a guidance document 
developed by Transport Scotland for assessment of development projects included within 
the Scottish Motorway and Trunk Road Programme. STRIPE ensures that post-construction 
monitoring is carried out on the project in order to highlight any maintenance/construction 
issues or remediation measures that may require attention, and provides a review framework 
for the project as a whole. It also provides a method for evaluating the project forecasts, 
predictions and objectives against actual data collected post-opening. In summary, the 
STRIPE document acts as a management plan for any trunk road or motorway development. 
It allows for the review and evaluation of project predictions and outcomes which are fed 
back into the process through feedback loops to avoid repetition of mistakes.  
 
The STRIPE plan is incorporated into the design process early on and is updated as the 
project progresses.  This makes sure that data collection, funding and other requirements 
are accommodated. The guidance allows for three separate reviews, if required, one, three 
and five years after the road is opened. The guidance is split up into sections or objectives, 
with the environmental objective containing numerous sub-objectives including biodiversity 
and habitats that investigate mitigation (CH2M HILL, 2016). Most sub-objectives are 
revisited as part of the Environmental Statement, particularly when a moderate or significant 
impact was identified or occurred but was initially unforeseen.  
 
The one-year evaluation investigates whether the mitigation measures advised in the 
Environmental Statement for construction/installation were implemented, if they are 
performing as expected and if any further action is required. These investigations may not 
require further data collection except under certain circumstances where public interest is 
high or initial investigations identify unforeseen problems that require further investigation or 
remediation.  
 
Evaluations in years three and five may, in some circumstances, require protected species 
surveys, site inspections, Phase 1 habitat surveys, repeated standard assessments to 
determine other trends and analysis on WVC data for deer, otter, badger, red squirrel, barn 
owl, fox, hedgehog or domestic animals (CH2M HILL, 2016). However, this requirement is 
rarely necessary. 
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ANNEX 6: START SHEET 
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ANNEX 7: DESK STUDY FLOW CHART 
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ANNEX 8: PROS AND CONS FOR EACH APPROACH 

 
Approach Pros Cons 
Approach 1 Simple to set up and carry out Little information gained 

Very little or no statistical analysis (Depending 
on number of replicates, if any) 

Only useful under restricted 
circumstances 

Can be used as justification for larger, more 
detailed studies  

Provides no population level 
information 

Not time consuming  
Inexpensive  
Simple to replicate  

Approach 2 Relatively simple to set up and carry out Longer survey duration than 
Approach one 

Relatively simple statistical analysis Many confounding factors 
Relatively inexpensive depending on survey 
methods selected (Step 5) 

Low inferential strength (how well 
the conclusion is supported by the 
evidence ) 

Able to influence future decision making 
processes 

Little information gained that can be 
used to increase the use of 
mitigation or identify reasons for lack 
of use  

Depending on methods used may be used to 
infer basic behavioural responses towards 
mitigation, e.g. camera traps to record animal 
behaviour towards fencing or mitigation  

 

Can be used as justification for larger, more 
detailed studies if desired. 

 

Can work out response times for species, e.g. 
how long before species use a mitigation 
structure and whether use increases as they 
grow accustomed to it? 

 

Possibly be combined with existing baseline 
data to gain further insight into population level 
interactions with the road and/or mitigation   

 

Approach 3 Can identify which factors may result in reduced 
use of mitigation, e.g. bats use mixed use 
underpasses less if artificial light source X is 
present.  Solution may be to remove or change 
light source or install sensor lights 

Cannot be used for single 
structures,  e.g. a green bridge since 
no replicates are available 

Can identify the type of use (e.g. whether daily, 
seasonal, or occasional) 

More complicated statistical analysis 

Can identify more subtle interactions between 
species, mitigation and additional factors (e.g. 
vegetation X planted around underpass 
entrance increases use by badger or otter 
display cautious behaviour and approach culvert 
and then avoid it, etc.) 

Large number of replicates needed 

Could be used to infer effectiveness  Higher costs than Approaches one 
and two 

Can identify key stages when mitigation used, 
e.g. juvenile dispersal; breeding seasons 

Longer survey duration than 
Approaches one and two 

Identifies key survey durations and times which 
can inform and reduce costs of future studies 

Higher level of expertise required 
than for approaches one and two 

Information can be used to influence future 
mitigation decisions 

 

Can identify response times for species, e.g. 
how long before species use mitigation structure 
and whether use increases with habituation 
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Can be used as justification for larger, more 
detailed studies 

 

Possibly be combined with existing baseline 
data to gain further insight into population level 
interactions with the road and/or mitigation   

 

Approach 4 Can identify the impacts of road effects, e.g. 
genetic isolation of populations, increased 
stress, reduced reproductive output   

Baselines require planning and/or 
data collection at pre-construction 
stages if controls are unavailable 

Improved understanding of how roads and 
mitigation impact population viability 

More sophisticated statistical 
analysis required  

Can be used for single structures with no need 
for replication but a large number of data points 
required (consult a statistician).   

Large number of replicates needed 

Can identify key stages when mitigation used by 
e.g. juvenile dispersal, breeding seasons,   

Higher costs than for Approaches 
one, two and three 

Identifies key surveying durations and times for 
future studies (reducing costs) 

Significantly increased survey 
duration than required for  
Approaches one, two and three 

Information can be used to confidently and 
scientifically influence future decision making for 
mitigation. 
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ANNEX  9: GUIDE FOR FLOW CHART 
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Identify 
Number of 
Species 1.1 

Identify the number of priority 
species that use the mitigation 
structure N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Low Low Low Low Low N/A 

Identify 
First Use 1.2 

Identify the time between 
mitigation completion and the first 
recorded use of the structure by 
the target species N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Low Low Low Low Low N/A 

Replicated 
Number of 
Species 1.3 

Survey 1.1 repeated to identify if 
there has been any change in 
species diversity that could 
highlight change in species 
range, recovery of species or 
local decline/extinction N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Medium Medium Low Low Medium 

Can be 
compared to pre 
construction 
data but not 
necessary 

Replicated 
First Use 1.4 

Survey 1.2 replicated to gain 
general averages for time of first 
use of mitigation for the selected 
priority species 

Y: Can compare the average 
time of first use between different 
mitigation structures. This will 
increase the experimental 
elements required. Y Y Y Y Y Y N Y Y Y Y Y Y Y Y N N Y N Y Low Low Low Medium High N/A 

A
pp

ro
ac

h 
2

 

Frequency 
of use 2.1 

Identify how often the priority 
species uses the mitigation 
structure N Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Low Low Low Medium Medium N/A 

Behaviour 
towards 
mitigation 2.2 

Identify how the priority species 
behaves around the mitigation 
structure e.g. avoidance N Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Medium Medium Medium Medium Medium N/A 

Replicated 
frequency 
of use 2.3 

Survey 2.1 replicated to identify 
how the frequency of use 
changes over time e.g. around 
the clock, seasonally throughout 
the year 

Y: Can compare the average 
frequency of use between 
different mitigation structures. 
This will increase the 
experimental elements required. Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y High Medium Low Medium High N/A 

Replicated 
frequency 
of use to 
identify 
change 2.4 

Survey 2.3 but identifying how 
frequency of use changes in 
response to stress or other 
external factor e.g. if mitigation 
structure undergoes maintenance 
or traffic speed limit increased N Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Medium Low Medium High High N/A 

Replicated 
long term 
frequency 
of use 2.5 

Survey 2.3 but carried out over a 
longer period of time to highlight 
any unexpected changes in 
frequency of use that may require 
further investigation N Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y Medium Medium Medium High High 

Can be 
compared to pre 
construction/ 
historical data 
but not 
necessary 

A
pp

ro
ac

h 
3

 

Factors 
that 
Influence 
use  3.1 

Identifying factors that influence 
the use of mitigation  

Y: Can compare different 
mitigation structures. Will 
increase the experimental 
elements required. Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y High High High 

Very 
High 

Very 
High N/A 

Factors 
that 
influence 
behaviour 3.2 

Identifying factors that influence 
the behaviour of a priority species 
towards mitigation N Y N Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y N Y High High High 

Very 
High 

Very 
High N/A 

A
pp

ro
ac

h 
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Effects of 
Roads 4.1 

Identifying the effects of roads by 
monitoring changes in population 
viability or distribution 

Y: Can compare different 
mitigation structures. Will 
significantly increase the 
experimental elements required. Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Very 
High 

Very 
High 

Very 
High 

Very 
High 

Very 
High 

Control or 
baseline will be 
necessary, both 

would be 
preferable Effectivene

ss of 
mitigation  4.2 

Identifying how well mitigation 
negates the effects of roads  

Y: Can compare different 
mitigation structures. Will 
significantly increase the 
experimental elements required. Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Very 
High 

Very 
High 

Very 
High 

Very 
High 

Very 
High 

                               

                               

*Species could be used for the selected surveys but their rare and elusive nature would significantly increase the level of resources and expertise with little chance of gaining any robust data or conclusions      
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ANNEX 10: FLOW CHARTS 

 
Flow Chart 1A 
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Flow Chart 1B 
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Flow Chart 2A 
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Flow Chart 2B 
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Flow Chart 3A 
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Flow Chart 3B 
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