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1

INTRODUCTION

1.1

Background

1.1.1

The Northern Quarter is located to the north of the market town of Cinderford, on the western edge
of the Forest of Dean in Gloucestershire. It extends to approximately 84 ha, part of which has been
subject to extensive mining and clay extraction activities in the past. The area now consists of
woodland, grassland, wetlands and disused industrial areas and buildings. The development
proposals for the Northern Quarter include new housing, offices and an educational campus to be
located within a forest setting and serviced by a new link road (see Appendix A).

1.1.2

Disused mining buildings within the Northern Quarter are used by a maternity colony of lesser
horseshoe bats, which are a qualifying feature of the Wye Valley and Forest of Dean Bat Sites Special
Area of Conservation (SAC) (Home and Communities Agency 2014). A substantial number of bat
surveys have been undertaken within and around the Cinderford Northern Quarter site in the last 45 years to support the planning process. Outline planning permission was given in February 2015
(P0663/14/OUT, Forest of Dean District Council 2014) for the entire Northern Quarter area and in
detail for a new spine road and college. In permitting the development the appropriate bodies have
evaluated the likely impacts on bats and subsequent mitigation proposals, considering them
acceptable.

1.1.3

We have been asked to develop a bat monitoring strategy to meet the requirements of condition 23
of the planning permission. Monitoring must be carried out to assess the impact of the development
on the lesser horseshoe bat colony, and the effectiveness of the mitigation measures that are
required by the planning permission. We have considerable experience working with bats, linear
transport infrastructure and assessing mitigation measures (see Appendix E).

1.1.4

In the process of developing the strategy we have also been asked to review previous survey work to
determine whether suitable baseline data exist for the purposes of future monitoring. In our
experience, there is often a lack of suitable pre-construction data for developments such as this
making it difficult, or even impossible, to reliably assess the impact of the scheme and the
effectiveness of mitigation measures after construction. It is important that monitoring is considered
at an early stage, before construction has commenced, so that sufficient and appropriately focussed
baseline data can be collected that will allow comparisons to be made post-construction.

1.2

Outline of works

1.2.1

Overall objectives

 To develop a bat monitoring strategy to meet the requirements of condition 23 of permission
P0663/14/OUT (the hybrid application) and to submit to the LPA to discharge the condition.
 To develop a monitoring strategy that will assess the effectiveness of mitigation features required by
the planning permission and, if appropriate, trigger safeguards for corrective measures.
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1.2.2

Scope

The strategy is to cover three main elements:
 Monitoring of the lesser horseshoe bat colony in the existing roosts (purpose-built, Northern United
Office, Northern United Bath House)
 Monitoring of lesser horseshoe bats crossing the spine road
 Assessment of habitat use by lesser horseshoe bats in relation to off-site mitigation areas as detailed
in the S106 document
1.2.3

Stages

The strategy is to be developed in three distinct stages:
Stage 1 – Preliminary review
Review existing data in relation to both the whole development site and the phase 1 areas (spine road from
Steam Mills Road, crossing Old Engine Brook but not as far as Cinderford Brook, college site development
and mitigation areas) and specifically address the following questions:
 Is the level of existing data sufficient to provide a baseline for future monitoring across both the whole
development site and the phase 1 areas, proportionate to the level of use by lesser horseshoe bats?
 Is the level of existing data sufficient to provide a baseline for future monitoring across both the whole
development site and the phase 1 areas, proportionate to the level of use by other species of bats?
 For future monitoring purposes if any gaps in baseline information become apparent, identify what
options could potentially address the gaps and recommend any specific methodology requirements
for the whole development site
 What would be an appropriate level of monitoring for phase 1 as a standalone development?
 What different approaches can be taken to monitoring phase 1 as a stand-alone project to monitoring
the entire spine road when completed?
 To what extent will monitoring for lesser horseshoe bats address monitoring for other bat species and
an indicator for habitat value more generally?
Stage 2 – Monitoring Methodologies
Develop appropriate detailed monitoring methodologies for each element of the scope (Roosts, Road,
Habitats) which can be used as clear ‘instructions’ to those undertaking monitoring taking into consideration
the length of the plan period to 2026. This is to include:
 Development of monitoring objectives
 Identification of baseline data requirements
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 Identification of appropriate monitoring success criteria, thresholds, triggers and targets against which
the effectiveness of mitigation can be judged
 Development of methods of data gathering and analysis including: locations of points/areas where
monitoring will be undertaken; timing and duration of monitoring; data analysis and interpretation,
responsible persons; lines of communication; review and publication of results/outcomes
 Development of rectification/adaptive management options that could be implemented if monitoring
shows that measures are ineffective or are not reaching stated aims and objectives
 The monitoring methodologies are to cover both monitoring during construction and operation
Stage 3 – Consultation and finalisation
Review by Gloucestershire County Council/Forest of Dean District Council/Homes and Communities Agency
and support consultation with Natural England.
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2

PRELIMINARY REVIEW

2.1

Summary
Whole development site

2.1.1

Previous survey work has shown that the Cinderford Northern Quarter development site is
frequently used by lesser horseshoe bats (and other bat species) and contains important resources
for the lesser horseshoe bat maternity colony, including roosts, flightlines and foraging habitat.
These findings have been useful in the planning process for considering the potential impact of the
development and informing mitigation proposals. It is important that appropriate baseline data are
also collected before construction to be able to assess the impact of the development on the lesser
horseshoe bat colony in the future and the effectiveness of the mitigation measures proposed for
bats.

2.1.2

The available population count data for lesser horseshoe bats are sufficient for detecting changes in
colony size resulting from the development. We make recommendations to standardise these
surveys in the future, and to collect additional information on colony productivity that could give an
early warning of detrimental impacts. There are no population data (or appropriate
abundance/activity measures) for other bat species using the development site in order to assess
the impact on local colonies, and it would involve significant survey effort across a large area and
extensive additional resources to collect such data, should it be required. The planning permission
and associated Habitats Regulations Assessment has not identified any such requirement.

2.1.3

None of the survey work to date provides sufficient quantitative data for lesser horseshoe bats (or
any other bat species) that can be used with future monitoring to assess the effectiveness of
mitigation. We make recommendations for collecting baseline data to assess the effectiveness of the
planned mitigation measures, including observational surveys along flightlines across the proposed
spine road and automated recording within the habitat mitigation areas.

2.1.4

We discuss the role of bats as indicator species. The abundance of the lesser horseshoe bat
population within the development site will, to some extent, reflect the quality of surrounding
habitats and the status of other bat species. Detrimental impacts are likely to be detected earlier for
lesser horseshoe bats as they are a sensitive, specialist species.
Phase 1 areas

2.1.5

Given the time constraints imposed by the construction schedule, we have agreed to consider phase
1 of the Northern Quarter as a standalone development in terms of the bat monitoring strategy,
although we have advised of the potential impacts on survey data collected across the site in
subsequent years. Previous survey work has shown the phase 1 construction and mitigation areas to
be used infrequently by most bat species including lesser horseshoe bats, for which no roosts or
major flightlines have been identified in these areas, although survey effort was low in comparison
to the rest of the site. Baseline data must be collected for phase 1 of the development prior to
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construction commencing to be able to assess the impact of the development on the lesser
horseshoe bat colony and the effectiveness of the mitigation measures proposed for bats.
2.1.6

The available population count data for lesser horseshoe bats are sufficient for detecting changes in
colony size resulting from phase 1 of the development. There are no population (or appropriate
abundance) data for other bat species using the development site in order to assess the impact on
local colonies, and it would not be possible to collect such data prior to the scheduled construction
start date, should it be required.

2.1.7

None of the survey work to date provides sufficient quantitative data for lesser horseshoe bats (or
any other bat species) that can be used with future monitoring to assess the effectiveness of the
mitigation strategies planned in phase 1 of the development. We have recommended the best
possible strategy within the timeframe available to collect baseline data to assess the effectiveness
of the mitigation planned for the phase 1 areas. This includes observational surveys along flightlines
at the proposed locations for the wildlife underpasses and temporary brash corridors, and
automated recording within the phase 1 mitigation areas. We also suggest additional surveys in
other areas adjacent to the phase 1 development, which it would be advisable to carry out prior to
construction commencing.
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2.2

Responses to questions

Is the level of existing data sufficient to provide a baseline for future monitoring across both the whole
development site and the phase 1 areas, proportionate to the level of use by lesser horseshoe bats?
2.2.8

Future monitoring is required to monitor any impact of the development on local bat populations
and to assess the effectiveness of mitigation measures. We reviewed the existing survey work
conducted across the whole development site, and separately in the phase 1 construction and
mitigation areas, to determine whether sufficient baseline data exist for these purposes for lesser
horseshoe bats.
Previous survey work and the level of use by lesser horseshoe bats
Whole development site

2.2.9

The Cinderford Northern Quarter is occupied by a maternity colony of lesser horseshoe bats, which
are a qualifying feature of the Wye Valley and Forest of Dean Bat Sites SAC (Homes and
Communities Agency, 2014). Previous survey work has confirmed the importance of the Cinderford
Northern Quarter for this maternity colony with roosts, major flightlines and important foraging
habitats identified within and around the development site. A range of survey techniques were
employed across the site in 2011 and 2013, including building surveys, transects, trapping and radiotracking, static logger surveys and fixed point count surveys (Kestrel Wildlife Consultants Ltd. 2011,
AEWC Ltd. 2014). The existing lesser horseshoe maternity colony was recorded roosting in disused
mining buildings (the Main Office and Bath House) at the Northern United Compound as well as in
the nearby Hawkwell artificial bat roost (constructed in 2005). Radio-tracking surveys identified
major flightlines crossing the proposed spine road in several places (see Appendix C), and core
foraging areas within the development site and surrounding habitats (Figures 11-29 in AEWC Ltd.
2014). Lesser horseshoe bat activity was recorded during transects and static logger surveys across
the development site, and was highest in areas adjacent to the existing roost locations (Kestrel
Wildlife Consultants Ltd. 2011, AEWC Ltd. 2014).
Phase 1 areas

2.2.10 Survey work carried out in 2011 and 2013 found the phase 1 areas (including the construction and
mitigation areas to the south) to be used infrequently by lesser horseshoe bats, with no major
flightlines, roosts or foraging habitats identified within them (Kestrel Wildlife Consultants Ltd. 2011;
AEWC Ltd. 2014). However, survey effort has often been lower in these areas than across the rest of
the site. Despite a reduced survey effort, lesser horseshoe bat activity was consistently lower in the
phase 1 areas relative to other areas of the development site. This is not unexpected given that
these areas are furthest from the existing roosts used by the colony, there is poor quality habitat
surrounding the construction area (large areas of scrub/open habitats) and the phase 1 areas are in
close proximity to residential and industrial developments to the east.
2.2.11 Regardless of the lower levels of lesser horseshoe bat activity, various mitigation measures are being
implemented for phase 1 of the development, and the extent of monitoring must be appropriate for
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the mitigation provided. It is therefore important that monitoring is sufficient to assess the impact of
the phase 1 development and the effectiveness of the mitigation measures.
Monitoring local lesser horseshoe bat populations
Whole development site
2.2.12 The lesser horseshoe bat colony in the Northern Quarter has been counted every year since 2003,
and monthly count data are available from mid-2012 (Forest of Dean District Council, pers. comm.
July 2015). The current population data should be adequate to detect significant changes in colony
size. However, the methods have changed over the years and should be standardised in future
surveys to allow more reliable comparisons to be made. It would also be useful to collect more data
on the reproductive success of the colony. Given the longevity of bats, there can be a considerable
time lag between a disturbance and a subsequent reduction in colony size. Effects on reproductive
success, however, become apparent sooner and provide an earlier indication of a detrimental
impact on the colony.
Phase 1 areas
2.2.13 No lesser horseshoe bat roosts have been identified within the phase 1 areas, and the existing lesser
horseshoe maternity colony is located over 500m away (Kestrel Wildlife Consultants Ltd. 2011;
AEWC Ltd. 2014). The current population data should be sufficient for monitoring the phase 1 area,
given that it is likely to have minimal impact on the lesser horseshoe bat colony.
Assessing the effectiveness of mitigation measures for lesser horseshoe bats
2.2.14 The existing survey results have been useful for identifying important lesser horseshoe bat habitats
within the development site and for informing the placement of mitigation measures. However,
monitoring must also be sufficient to assess the effectiveness of mitigation measures after
construction. Quantitative data must be collected using standardised and systematic methods with
sufficient frequency and intensity to reach reliable conclusions with regards to the success of each
mitigation approach. However, previous surveys do not appear to have been designed with the
specific purpose of forming a baseline for future monitoring, and have not been appropriately
focussed to assess the planned mitigation. None of the current data are suitable for before and after
construction comparison, and cannot be used to draw reliable conclusions about mitigation
effectiveness. This applies to both the development site as a whole, and the phase 1 areas.

Is the level of existing data sufficient to provide a baseline for future monitoring across both the whole
development site and the phase 1 areas, proportionate to the level of use by other species of bats?
Previous survey work and the level of use by other bat species
2.2.15 Understandably, much of the previous survey work in the Northern Quarter was focussed on the
colony of lesser horseshoe bats, which are a qualifying feature of the Wye Valley and Forest of Dean
Bat Sites SAC (Homes and Communities Agency, 2014). The bat monitoring strategy outlined in
condition 23 of the planning permission (Forest of Dean District Council 2014) also refers specifically
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to lesser horseshoe bats, and we assume that future monitoring is not required for other bat
species. However, other bat species were recorded in the Northern Quarter during surveys in 2011
and 2013 (Kestrel Wildlife Consultants Ltd 2011, AEWC Ltd. 2014) and therefore some consideration
is given here.
2.2.16 Three other Annex II (Council Directive 92/43/EEC (1992) bat species were recorded within the
development site (greater horseshoe bat, Bechstein’s bat and barbastelle), and within or in close
proximity to the phase 1 construction and mitigation areas. However, activity was low with
occasional detections only. Although the methods used may have led to underestimates of particular
species (e.g. Myotis bats were not identified to species during activity surveys), no important roosts
for any of these species have been found within the Northern Quarter development site (Homes and
Communities Agency 2014).
Whole development site
2.2.17 Transect surveys and static logger surveys for other species of bat show high levels of common
pipistrelle activity across the whole development site. The results also suggest a significant level of
use by soprano pipistrelles, brown long-eared bats, Myotis and Nyctalus species, and low levels of
use by barbastelle, greater horseshoe bats and Nathusius’ pipistrelles. Bat species with quiet
echolocation calls, such as brown long-eared bats, are likely to be (and are often) under-represented
in bat detector surveys. Levels of use by other bat species are generally as expected given the
habitats present within the site and their typical prevalence within the wider landscape. No bat
species other than lesser horseshoe bats were caught and tracked in 2011. In 2013, two bats of
other species were tracked: one Natterer’s bat was recorded foraging in various locations across the
development site with a core foraging area to the south of the lake (Figure 30 in AEWC Ltd. 2014),
and one Bechstein’s bat was recorded with a core foraging area overlapping the south west corner
of the development site (Figure 31 in AEWC Ltd. 2014). Survey effort was in most cases too low to
provide an accurate, quantitative measure of activity that could be used for future monitoring
purposes of other bat species.
Phase 1 areas
2.2.18 The phase 1 construction and mitigation areas appear to be used more frequently by other bat
species than by lesser horseshoe bats. This is not unexpected given that habitats in the phase 1
areas are generally less suitable for lesser horseshoe bats than those in nearby areas. The use of the
phase 1 areas by common pipistrelles was found to be higher on some occasions than in other areas
of the development site. The survey results also suggest a significant level of use of the phase 1
areas by soprano pipistrelles, Myotis species and noctules, and low levels of use by brown longeared bats, barbastelle, greater horseshoe bats and Nathusius’ pipistrelles. However, survey effort
was in most cases low and does not provide an accurate, quantitative measure of activity that could
be used for future monitoring purposes.
Monitoring local populations of other bat species
2.2.19 No maternity colonies of other bat species have been found within the Northern Quarter
development site or in the phase 1 construction and mitigation areas, although maternity colonies of
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Bechstein’s, Natterer’s and noctule bats have been identified in the surrounding landscape (AEWC
Ltd. 2014).
2.2.20 While surveying the existing lesser horseshoe bat roosts in buildings within the Northern Quarter
compound, other bat species were reported to be using the roosts in low numbers in 2011 and 2013.
During a dawn survey in 2011, four brown long-eared bats, one Myotis bat and one common
pipistrelle were observed returning to roost in the buildings at the Northern United compound
(Kestrel Wildlife Consultants Ltd. 2011). In 2013, low numbers of pipistrelles, Bechstein’s and brown
long-eared bats were using the buildings to roost (AEWC Ltd. 2014). Continued surveillance of the
remaining buildings (some were demolished under licence in 2012), as well as new roost structures
within the development area, could continue to document their use by other species if required.
2.2.21 There are no population count or activity data for any other bat species that use the Northern
Quarter, which would be suitable as a baseline for future monitoring. Therefore, it will not be
possible to assess the impact of the development on the favourable conservation status of bat
species other than lesser horseshoe bats. If it is necessary to do so, this could be done by collecting
comprehensive flight activity data from each species, from which levels of abundance can be
inferred. Relative abundance levels can be compared before and after construction to provide a
measure of population scale effects. This would need to be done across the whole development site
and the surrounding landscape, and would require a significant amount of survey effort and
resources. There would not be sufficient time to collect the volume of data that would be required
prior to construction commencing in the phase 1 areas in late 2015. However, the planning
permission has not identified any such requirement, and no bat species other than lesser horseshoe
bats were subject to Habitat Regulations Assessment.
Assessing the effectiveness of mitigation measures for other bat species
2.2.22 As past surveys for other bat species followed the same methods as those used for lesser horseshoe
bats, the same conclusions can be drawn for both the development site as a whole and for the phase
1 areas. Previous surveys do not appear to have been designed with the specific purpose of forming
a baseline for future monitoring, and have not been appropriately focussed to assess the planned
mitigation measures for any of the bat species present.
2.2.23 If future monitoring is required to assess the effectiveness of mitigation measures for other bat
species, this could be carried out in conjunction with surveys for lesser horseshoe bats, for example
within mitigation areas or at crossing structures. However, it should be noted that this would not
provide a complete picture of effectiveness for other bat species without data on population sizes
(or abundance) to demonstrate the overall impact of the development. As stated above, the
planning permission has not identified this as a requirement for other bat species. The impact of the
development is likely to be less for other bat species, given that no important roosts have been
found within the site.
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For future monitoring purposes if any gaps in baseline information become apparent, identify what
options could potentially address the gaps and recommend any specific methodology requirements for the
whole development site.
2.2.24 A brief overview of recommendations for monitoring across the development site is given below.
The detailed survey methods are provided in section 3 of this report.
Monitoring local bat populations
Lesser horseshoe bats
2.2.25 Sufficient baseline data exist to assess the impact of the development on the size of the lesser
horseshoe bat colony (assuming that emergence counts have been conducted in 2014 and 2015 in
line with previous methods). However, standardised and systematic methods must be in place and
continue to be used to ensure that comparisons can be made in subsequent years, and changes in
the size of the colony can be accurately detected. Survey frequency must be sufficient to be able to
detect significant changes in the size of the colony while accounting for natural variation across the
season. Recommendations are provided in section 3.3.
2.2.26 To supplement these surveys, we also recommend additional data are collected to provide
information on colony productivity. Given the longevity of bats, there can be a considerable time lag
between a disturbance and a subsequent reduction in colony size. Effects on reproductive success,
however, become apparent sooner and can provide an earlier indication of a detrimental impact on
the colony. We suggest that the number of juveniles is counted during first emergence flights to give
a basic estimate of the productivity of the maternity colony whilst minimising disturbance (see
section 3.3 for full details). The data collected will monitor the impact of the development on the
lesser horseshoe bat colony, and can also be used to assess the effectiveness of the purpose-built
artificial bat roosts.
Other bat species
2.2.27 No notable bat roosts have been identified for other bat species recorded using the development
area, and no population data (or appropriate abundance/activity measures) exist that can be used to
assess the population-scale impacts of the development on other bat species. It should be noted
that if this is necessary, significant survey effort and resources would be required to collect the large
volumes of data needed for this prior to construction commencing. However, the use of any
retained buildings, artificial roosts or bat boxes by other bat species could be recorded during
monitoring for lesser horseshoe bats.
Assessing the effectiveness of mitigation measures
2.2.28 The recommended survey methods needed to provide baseline data to assess each of the main
mitigation measures are described below. These methods can be used to collect data on the target
species, lesser horseshoe bats, and also to simultaneously collect data on other bat species. It is
essential that sufficient quantitative data are collected and that a standardised and systematic
approach is used with a focus on consistency and repeatability.
13

Road crossings
2.2.29 Various mitigation measures have been proposed for bats crossing the new spine road (Homes and
Communities Agency 2014). These include two culverts (Northern United culvert and Hawkwell
culvert), two wildlife underpasses (at Cinderford Brook and Old Engine Brook in the phase 1 area)
and at least one hop-over (within a dark corridor to the south of the junction with the A4136, more
may be incorporated along the spine road). A bat bridge has also been proposed over the A4136
(Homes and Communities Agency 2014, Para 7.374g), and this location should be surveyed if the
bridge is to be implemented. In order to assess the effectiveness of these structures, it is essential to
collect quantitative baseline data for each of the flightlines to be mitigated, as well as for other
unmitigated flightlines that will be severed by the road. We recommend baseline data are collected
during at least one season (May to August inclusive) prior to construction.
2.2.30 We recommend surveys are carried out consisting of visual observations of flight behaviour at each
location paired with echolocation call recordings for species identification, with methods similar to
those used by Berthinussen and Altringham (2015). Observations consist of counts of commuting
bats, with data on flight height, direction and distance from the linear habitat feature to be
mitigated. A minimum of six 60 min dusk or dawn surveys should be carried out every year at each
location, ideally between May and August. The number of bats crossing at each site will be
compared before and after construction using simple statistical tests and boxplots, as will the
number of bats using the mitigation structures, and the number crossing the scheme at risk of
collision with traffic (at heights of <5 m above the road). Mitigation structures can be considered to
be effective when bats are commuting across the scheme in similar numbers before and after
construction, and at least 90% of crossing bats are using the structure to cross safely. See section 3.3
for the full monitoring methods and details on data analysis and interpretation.
Habitat creation and enhancement areas
2.2.31 Habitat creation and enhancement will be carried out to mitigate habitat loss within the
development footprint (Homes and Communities Agency 2014). This will involve the replacement of
conifer plantations with species-rich grassland, riparian habitats, shrub layers and mature stock
broadleaved woodland, as well as the enhancement of existing woodland and grassland. There are
six mitigation areas of varying size for the phase 1 area, and a further 11 mitigation areas for phase 2
of the development (see Appendix B). These mitigation areas vary in size from 0.1 ha to 6.89 ha and
incorporate various combinations of the habitat improvements described above.
2.2.32 In order to assess the effectiveness of these mitigation areas, levels of bat activity must be
compared before and after their construction. For enhanced or newly created habitats to be
effective, they should support a significantly higher level of bat foraging activity than previously
found in the area. It is therefore essential to collect quantitative baseline data for activity levels prior
to any work commencing.
2.2.33 We recommend that automated detectors are deployed within each proposed mitigation area to
collect quantitative baseline data on bat activity. Six automated detectors should be deployed for
five consecutive nights per month between May and August (inclusive) along the proposed habitat
14

interfaces within each of the mitigation areas. Detectors should be deployed at least 30 m apart. For
small mitigation areas, the number of detectors may need to be reduced if the area is too small to
place detectors at least 30 m apart. Prior to work commencing, detectors will be deployed in the
existing habitats, e.g. conifer plantation, at locations that correspond with the edges of the proposed
habitat improvements. Once habitats have been created or enhanced, surveys will be repeated with
detectors deployed in identical locations along the newly created habitat interfaces. As some natural
variation in bat activity is inevitable, sufficient data must be collected to allow changes resulting
from the habitat improvements to be detected. We have suggested the use of automated detectors
to monitor habitat use as they can be left to run unattended, and will require less input and
resources than more intensive survey methods, such as transect surveys. Long term monitoring will
be required, since habitats will take a considerable amount of time to become established. Full
details of the monitoring methods are provided in section 3.3.
Night roost shelters, bat roosting and hibernation boxes
2.2.34 Bat roosting and hibernation boxes will be installed within some of the retained woodland
surrounding the scheme to mitigate potential roost loss from habitat clearance. Two small night
roost shelters will also be installed for lesser horseshoe bats. Baseline data prior to construction is
not required for this mitigation measure, but the structures should be surveyed in subsequent years
after installation to monitor use by lesser horseshoe bats and other bat species. See section 3.3 for
details.

What would be an appropriate level of monitoring for phase 1 as a standalone development?
2.2.35 Phase 1 of the Cinderford Northern Quarter development consists of an area to the east of the
scheme and will involve the construction of the spine road from Steam Mills Road to a point
between Old Engine Brook and Cinderford Brook, as well as the development of the college site to
the south of the spine road (see Appendix B). Construction of phase 1 is scheduled to commence in
late 2015. Given the short time period available prior to construction, we have been asked to
consider the phase 1 area as a standalone development in terms of the bat monitoring strategy.
2.2.36 Given these time constraints, the location of the phase 1 development area in relation to the
existing lesser horseshoe bat roosts, the apparently infrequent use of the area by lesser horseshoe
bats (discussed above) and the fact that site clearance and construction work will be outside of the
active season for bats, we have agreed to consider phase 1 in isolation at this stage. However, it is
important to point out that baseline surveys should ideally be carried out across the whole site prior
to any construction works commencing. Habitat clearance and construction work in one area has the
potential to change patterns of habitat use across a wider area, which may impact on data collected
during surveys in subsequent years. This will be an important consideration if baseline data need to
be collected across other areas of the development site.
2.2.37 Monitoring for bats at any site that is to be developed must be sufficient to identify habitats that are
important to local bat populations, including roosts, foraging areas and commuting routes. Surveys
must be carried out using appropriate methods, with sufficient frequency and intensity, to identify
15

these resources and provide a quantitative measure by which to compare their use over time. This
information is essential to inform the design and management of mitigation measures required to
protect local bat colonies from any detrimental effects of the development.
2.2.38 Monitoring must be appropriate to generate suitable baseline data that can be used to assess the
impacts of the development after construction and assess the effectiveness of mitigation measures.
This allows for contingency plans to be put in place if the mitigation is not found to be effective
enough, and provides important evidence that can be used to inform future mitigation efforts. In
order to monitor the impact of the development and bat mitigation measures, it is essential that
well documented (and therefore repeatable), standardised and systematic surveys are conducted
both pre- and post-construction. Survey frequency and intensity must be sufficient to detect
potential changes in both population sizes and the use of important resources (such as foraging
habitat and flightlines). It is also important that surveys are designed to answer specific questions,
and are conducted with sufficient duration and frequency to account for the temporal variation in
activity commonly observed in bats.
2.2.39 The objectives of the monitoring for the Northern Quarter development as described in the
Environmental Statement (Home and Communities Agency 2014, Para 7.385a) are “to ascertain
whether the proposed mitigation and compensation has been successful, to inform future
management and to ascertain that the favourable conservation status of the bat populations has
been maintained to ensure compliance is achieved.” This should apply both to the development as a
whole and to the phase 1 development area.
2.2.40 Surveys to date have revealed that numerous bat species, including an important lesser horseshoe
bat colony, use the development site to roost, forage and commute. However, most of the activity,
especially for lesser horseshoe bats, appears to be concentrated away from the phase 1 area.
2.2.41 A number of mitigation measures for bats have been planned to reduce the impacts of the phase 1
development (Home and Communities Agency 2014). These include: ‘wildlife underpasses’ under
the road at Old Engine Brook and Cinderford Brook; temporary brash corridors along Old Engine
Brook and the eastern boundary of the Hamblett land; habitat creation and enhancement to the
south of the development to mitigate habitat loss within the phase 1 development footprint; and
bat roosting and hibernation boxes within habitats surrounding the phase 1 construction area and
within the phase 1 mitigation areas.
2.2.42 Ideally, baseline data must be collected prior to construction in order to assess the effectiveness of
all of the mitigation strategies for phase 1 of the development detailed above. Even if bat activity is
reported to be low across the phase 1 site, it is still important (and a monitoring requirement) to
assess the effectiveness of any mitigation measures that have been installed specifically for bats. The
fact that mitigation was considered necessary for the phase 1 construction area indicates that
detrimental effects on bats were anticipated, and therefore the effectiveness of the mitigation must
be assessed. The level of monitoring required is not only dependent on the level of bat activity in the
area but also on the mitigation, e.g. the Environmental Statement states that “the extent of
monitoring will need to be appropriate for the mitigation provided” (Home and Communities Agency
2014, Para 7.385a). Quantitative data must be collected using standardised and systematic methods
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with sufficient frequency and intensity to reach reliable conclusions with regards to the success of
each mitigation approach. However, given that bat activity is lower in this area and the majority of
important resources appear to be concentrated in other areas of the development, monitoring of
the phase 1 area will be less critical. It may be possible to reduce the level of monitoring required in
order to work within the time constraints imposed.
2.2.43 Although we are considering the phase 1 area as a standalone development, it would also be
advisable to collect baseline data to assess mitigation strategies in areas of the development that
are adjacent to or in close proximity to the phase 1 areas prior to construction commencing. For
example, the phase 2 woodland enhancement area to the north of phase 1 (see Appendix B) and the
major lesser horseshoe bat flightline to the western edge of the lake (see Appendix C). As stated
above, construction in the phase 1 area has the potential to impact on habitat use in surrounding
areas (particularly those in close proximity), which could affect subsequent survey results, making it
more difficult to accurately assess mitigation within these areas.

What different approaches can be taken to monitoring phase 1 as a stand-alone project to monitoring the
entire spine road when completed?
Monitoring local bat populations
2.2.44 Sufficient data should exist to provide basic baseline data to assess the impact of phase 1 of the
development on the lesser horseshoe bat colony (assuming that population counts have been
conducted in 2014 and 2015 in line with previous methods). No notable bat roosts have been
identified for other bat species recorded using the phase 1 development area, and no population (or
appropriate abundance) data exist that can be used to assess the population-scale impacts of the
development on other bat species. It should be noted that if this is required, there will not be
sufficient time to collect the large volumes of data required for this prior to construction
commencing.
Assessing the effectiveness of mitigation measures
2.2.45 For monitoring the effectiveness of mitigation measures, similar approaches will be used for the
phase 1 areas and for the rest of the development. However, given that phase 1 of the development
is likely to have minimal impact on the lesser horseshoe bat colony, it may be possible to reduce the
level of monitoring in order to work within the time constraints imposed. Although not ideal,
monitoring could be carried out late in the season and with a reduction in survey effort to allow
some baseline data to be collected prior to construction commencing in the phase 1 area in late
2015. We recommend an increased level of monitoring for this area throughout the bat active
season in subsequent years, in line with the rest of the development site (as detailed in section 3.3).
Wildlife underpasses
2.2.46 ‘Wildlife underpasses’ with plantings and dark corridors will be installed below the road at Old
Engine Brook and Cinderford Brook to provide a safe crossing point for bats and maintain
connectivity on both sides of the road. In order to assess the effectiveness of the wildlife
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underpasses, it is essential to collect quantitative baseline data for these flightlines at the location of
each underpass prior to construction. We recommend baseline data are collected during at least one
season (May to August) prior to construction during six 60 min dusk or dawn surveys, as described
above (see Para 2.2.30). Given the time constraints imposed by the development schedule,
September may be acceptable for conducting surveys, but bat activity may be lower and behaviour
may be atypical.
Temporary brash corridors
2.2.47 Temporary brash corridors will be put in place along Old Engine Brook and the eastern boundary of
the Hamblett land, principally for Dormice mitigation, but it is acknowledged that it will also be a
feature to mitigate potential habitat fragmentation and maintain connectivity for all bat species
(until permanent measures are installed). Whilst this measure is not specifically identified within the
Appropriate Assessment for lesser horseshoe bats, in order to assess effectiveness, it would be
necessary to collect quantitative baseline data for the flightline to be mitigated at the location of the
temporary corridor prior to construction. Baseline data for the temporary corridor can be collected
using identical methods to those described for the road crossing mitigation (see Para 2.2.30).
Surveys should be repeated in the same location and using the same methods during construction
when the temporary corridor is in place, and also once the permanent measures (a new hedgerow)
have been installed.
Habitat creation and enhancement areas
2.2.48 Habitat creation and enhancement is currently scheduled for late 2015 to mitigate habitat loss
within the phase 1 development footprint (Home and Communities Agency 2014). There are six
mitigation areas of varying size for the phase 1 area, with all but one (MP-1F) located in land to the
south of the development site (Section 106 agreement 2015, see Appendix B):







MP-1A: Conifer plantation will be removed (4.12 ha) and replaced with grassland (3.12 ha)
and broadleaved woodland (1.09 ha), and two ponds will be created
MP-1B: Conifer plantation will be removed (0.4 ha) and replaced with grassland
MP-1C: Conifer plantation (0.61 ha) will be removed and replaced with grassland
MP-1D: Existing woodland (0.31 ha) will be enhanced
MP-1E: Existing woodland (0.12 ha) will be enhanced
MP-1F: Grassland (0.59 ha) will be enhanced to the east of the phase 1 construction area

2.2.49 In order to assess the effectiveness of these mitigation areas, we recommend that automated
detectors are deployed to collect quantitative baseline data on bat activity, as described above (Para
2.2.33). Ideally monitoring should be carried out throughout the active bat season. However, given
the time constraints, data for the phase 1 mitigation areas could be collected in August and
September only in 2015. If this is the case, surveys must be repeated during these months in
subsequent years of monitoring so that direct comparisons can be made. Full details of the
recommended monitoring methods are provided in section 3.3 of this report.
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Bat roosting and hibernation boxes
2.2.50 Bat roosting and hibernation boxes will be installed within retained habitats surrounding the phase 1
construction area and within the phase 1 mitigation areas to mitigate potential roost loss from
habitat clearance. Baseline data prior to construction is not required for this mitigation measure.
Although not used by lesser horseshoe bats, the bat roosting and hibernation boxes could be
surveyed in subsequent years to monitor use by other bat species. Further details are provided in
section 3.3.
Additional survey work in other areas
2.2.51 As discussed previously, although we are considering the phase 1 area as a standalone development,
it would also be advisable to collect baseline data to assess mitigation strategies in areas of the
development that are adjacent to or in close proximity to the phase 1 areas prior to construction
commencing. Construction in the phase 1 area has the potential to impact on habitat use in
surrounding areas, which could affect subsequent survey results, hindering the ability to properly
assess mitigation success within these areas.
2.2.52 For these reasons, we advise that surveys are carried out using the methods described above to
collect baseline data for the proposed phase 2 mitigation area to the north of the phase 1
construction area (MP-2(R)D in Appendix B), and along the major lesser horseshoe flightline located
on the opposite side of the lake to the college (flightline 2 in Appendix C). Although this monitoring
is not essential if considering phase 1 as a standalone development, we advise that this is done to
ensure that unbiased baseline data are collected for these areas also.

To what extent will monitoring for LHB address monitoring for other species and an indicator for habitat
value more generally?
2.2.53 Bats make ideal indicators for the wider health of wildlife, habitats and ecosystems (Jones et al.
2009). They occupy high trophic levels, preying on common nocturnal insects, and are sensitive to a
wide range of stressors that impact on other wildlife, such as changes in land use practices and
urbanization. Bats have been used as ecological indicators of habitat quality (e.g. Wickramasinghe et
al. 2003, Kalcounis-Rueppell et al. 2007), and eight UK bat species (including lesser horseshoe bats)
are on the DEFRA (Department for Environment, Food and Rural Affairs) list of UK Biodiversity
indicator species (DEFRA 2014). Lesser horseshoe bats, in particular, have specific habitat
requirements and are often found in areas of high habitat diversity (Bontadina et al. 2002). The
abundance of the lesser horseshoe bat population within the development site will, to some extent,
reflect the status of insect communities and the quality of surrounding habitats. Monitoring this bat
colony alongside other indicator taxa should provide a good picture of ecosystem health and habitat
value.
2.2.54 The status of the lesser horseshoe bat colony will also, to some extent, reflect the status of other bat
species found within the development site. The general habitat requirements for lesser horseshoe
bats are important for many other bat species with a dependency on well-connected broadleaf
19

woodland (Bontadina et al. 2002). Lesser horseshoe bats are a specialist species, and will be less
tolerant of disturbance than generalists, such as common pipistrelles. They also typically fly slowly
and at low heights (Russ 1999), making them more susceptible to collisions with traffic than faster,
high-flying bat species. Detrimental effects of the development are, therefore, likely to be detected
earlier for lesser horseshoe bats than for other less sensitive bat species. It will also be relatively
easy to monitor the lesser horseshoe bat colony, given that the primary roost locations have been
identified and are accessible for surveys of colony size and productivity. Monitoring the abundance
of other bat species without access to known roosts would require large volumes of data to be
collected across the development site and the surrounding landscape, requiring significant survey
effort and resources each year. It would need to be decided whether this was necessary, given that
no maternity roosts of other bat species have been identified within the development site. This
requirement has not been identified in the planning permission and no other bat species were
subject to Habitat Regulations Assessment.
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3

MONITORING METHODS

3.1

Summary

3.1.1

We have provided recommendations for monitoring the lesser horseshoe bat colony in the
Cinderford Northern Quarter to cover the three main scope elements (roosts, road and habitat) as
summarised below.

3.1.2

To assess the impact of the development on the lesser horseshoe bat colony and the effectiveness of
the artificial roosts, standardised monthly dusk emergence surveys should be conducted
simultaneously (for two hours from 15 min prior to sunset) at the exit points of all known roost
locations each year between May and August inclusive. These should be increased to weekly surveys
at maternity roosts between mid-July and mid-August to record first flights of juveniles and provide
an indication of colony productivity. We also suggest automated logging techniques for long term
monitoring, such as infra-red motion detectors at roost access points.

3.1.3

To assess the effectiveness of crossing structures over/under the spine road, a minimum of six 60
min standardised dusk or dawn observational surveys should be carried out at the same time each
year before (during at least one season), during and after construction between May and August at
the location of each major lesser horseshoe bat flightline that will be severed by the new spine road
or proposed location for a mitigation structure, if this does not coincide with a flightline.

3.1.4

To assess the effectiveness of habitat improvement or enhancement areas, six automated detectors
should be deployed along the habitat interfaces of each mitigation area for five consecutive nights
(sunrise to sunset) per month between May and August inclusive each year before (during at least
one season), during and after construction.

3.1.5

We have focussed the monitoring strategy on the colony of lesser horseshoe bats, which are a
qualifying feature of the Wye Valley and Forest of Dean Bat Sites SAC. If required, other bat species
may be monitored alongside lesser horseshoe bats during surveys assessing the effectiveness of
mitigation measures. It would, however, be difficult to collect sufficient data to assess the impact of
the development on the population status of other bat species due to the lack of known roosts (this
has not been identified as a requirement of the planning permission).

3.1.6

The recommended monitoring methods, if conducted consistently and to the specifications given,
will provide sufficient quantitative data to successfully monitor the status of the lesser horseshoe
bat colony and to assess the effectiveness of all planned mitigation measures against set thresholds.
This will allow for adaptive management, if any of the mitigation is found not to meet these targets.
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3.2

Overview and scope

3.2.1

Future monitoring is required to assess the impact of the Cinderford Northern Quarter development
on the local lesser horseshoe bat colony, and to assess the effectiveness of bat mitigation measures.
If the development is found to be having a detrimental impact and/or mitigation is not found to be
effective enough, adaptive management and corrective measures may be required.

3.2.2

The preliminary review has identified a lack of suitable existing data that can be used as a baseline
for future monitoring. Although existing survey results have been useful for identifying important
lesser horseshoe bat habitats within the development site and for informing the placement of
mitigation measures, they do not appear to have been designed with the specific purpose of forming
a baseline for future monitoring, and have not been appropriately focussed to assess the planned
mitigation. None of the current data are suitable for before and after construction comparison, and
cannot be used to draw reliable conclusions about mitigation effectiveness. Quantitative data must
be collected using standardised and systematic methods with sufficient frequency and intensity to
reach reliable conclusions with regards to the success of each mitigation approach.

3.2.3

We have produced a monitoring strategy that has been designed to meet clearly defined objectives
for each of the three monitoring elements detailed below. If repeated consistently and to the given
specifications, the recommended surveys will provide sufficient quantitative data to assess the
effectiveness of the planned mitigation measures in both meeting their basic function (e.g. providing
safe crossing points over the spine road or improved foraging habitats in mitigation areas), and
maintaining the favourable conservation status of the lesser horseshoe bat colony.

3.2.4

The monitoring strategy focusses on the lesser horseshoe bat colony, which is a qualifying feature of
the Wye Valley and Forest of Dean Bat Sites SAC (Homes and Communities Agency, 2014). No
notable roosts were found for other bat species within the development site, and monitoring for
other bat species has not been identified as a requirement in the planning permission (Forest of
Dean District Council 2014). If required, the effectiveness of mitigation measures for other bat
species could be assessed simultaneously during surveys for lesser horseshoe bats. Determining the
population effects on other bat species would, however, be difficult given the lack of known roosts
and would require timely and labour intensive methods that may not be worthwhile given the levels
of activity recorded.

3.2.5

As set out previously, the monitoring strategy must assess the effectiveness of mitigation features
required by the planning permission, and is to cover three main elements:
1.

Roosts - Monitoring of the lesser horseshoe bat colony in the existing roosts (purpose-built,
Northern United Office, Northern United Bath House)

2.

Roads - Monitoring of lesser horseshoe bats crossing the spine road

3.

Habitat - Assessment of habitat use by lesser horseshoe bats in relation to offsite management as set out in the mitigation areas and S106 document
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3.2.6

The monitoring objectives and methodologies for each of the three main elements are described in
detail below. We provide recommendations for monitoring and assessing each of these elements
individually. However, the results must also be considered collectively to provide a full
understanding of the impacts on the colony and the effectiveness of the combined mitigation
measures across the whole development site (see section 3.4 for further discussion of this).
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3.3

Detailed survey methods and recommendations
Roosts: Monitoring the lesser horseshoe bat colony and the effectiveness of artificial roosts
Monitoring objectives

3.3.1

To monitor the impact of the Cinderford Northern Quarter development on the colony of lesser
horseshoe bats present within the development site. This will be done by monitoring the size and
productivity of the colony before, during and after construction. A significant decline of either will
provide an indication of a negative impact.

3.3.2

To assess the effectiveness of the three purpose-built artificial roosts for lesser horseshoe bats
(Hawkwell, Nelson and Birchwood Artificial Roosts). This will be done by monitoring the levels of use
of these roosts by the lesser horseshoe bat colony.
Overview of survey methods

3.3.3

Sufficient baseline data exist to assess the impact of the development on the size of the lesser
horseshoe bat colony (assuming that emergence counts have been conducted in 2014 and 2015 in
line with previous methods). However, standardised and systematic methods must be in place and
continue to be used to ensure that comparisons can be made in subsequent years, and changes in
the size of the colony can be accurately detected. Survey frequency must be sufficient to be able to
detect significant changes in the size of the colony while accounting for natural variation across the
season.

3.3.4

To supplement these surveys, we recommend additional data are collected to provide information
on colony productivity. Given the longevity of bats, there can be a considerable time lag between a
disturbance and a subsequent reduction in colony size. Effects on reproductive success, however,
become apparent sooner and can provide an earlier indication of a detrimental impact on the
colony. We suggest that the number of juveniles is estimated during first emergence from the roost
to give a basic estimate of the productivity of the maternity colony whilst minimising disturbance
(see below).
Detailed survey guidelines

3.3.5

Our recommendations for monitoring the lesser horseshoe bat colony are to conduct dusk
emergence surveys at the same time each month between May and August inclusive at all potential
lesser horseshoe bat roosting locations (the Main Office and Bath House until demolition, Hawkwell
artificial bat roost and the two newly constructed artificial roosts, Nelson and Birch Wood). We
suggest monthly surveys are conducted during the first three years after construction. If the colony
is stable after this time, the survey interval could be re-assessed.

3.3.6

All locations and all access points must be monitored simultaneously to account for roost switching
between nights and ensure accurate counts of the colony are made. Investigative day time surveys
of buildings should also be carried out several times each year between May and August across the
site to check for other newly adopted roosting locations. If new roosts or access points are
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discovered, these should be included in the surveys. This is especially important if the number of
bats begin to decrease, to determine whether there has been a reduction in colony size, or whether
the bats have moved to other roosting locations within the development site. Ideally emergence
surveys should be continued at all roosting locations, unless they are permanently abandoned by the
colony. However, if any roosting location is used by only a small proportion of the colony over two or
more years (e.g. less than 5% of the total colony), emergence surveys could be replaced with internal
day counts on the same day as emergence surveys at the other roost sites.
3.3.7

Surveys should be conducted from 15 min prior to sunset for two hours in good weather conditions
(temperature >7°C, wind <20 km/h, no rain). Weather variables, including wind, temperature and
percentage cloud cover, should be recorded at the beginning, middle and end of each survey. If
conditions deteriorate during a survey, it should be abandoned and repeated on a subsequent
evening when conditions improve.

3.3.8

A sufficient number of surveyors (equipped with full spectrum bat detectors or heterodyne
detectors tuned to 110 kHz) should be used to observe all locations and exit points. For sites that are
difficult to monitor, e.g. with poor visibility and/or surrounded by dense vegetation, a night vision
camera with infra-red (IR) lights could also be used. Multiple cameras could be set up to run
independently and monitor all access points, but this will depend on the budget and the nature of
each site. The same equipment should be used for all surveys and in subsequent years as the ability
to detect and count bats may vary between methods (e.g. surveyor vs camera). All lesser horseshoe
bats emerging from the roost should be counted. A tally-counter can be used to quickly count and
record large numbers of bats as they emerge.

3.3.9

Disturbance should be minimised during emergence counts. Surveyors should be close enough to
the roost entrances to observe and detect bats emerging, but not so close as to disturb bats or
obstruct their flight paths. Surveyors should remain quiet and refrain from using torches, using red
filters only if this is unavoidable.

3.3.10 In July and August, the number of juveniles within each roost should be estimated to provide
information on colony productivity. To minimise disturbance, we recommend this is done by
conducting frequent emergence counts during this period to record the first flights of juveniles,
when the number of bats emerging would be expected to increase quickly. We suggest weekly
counts from mid-July to mid-August.
3.3.11 All methods must be thoroughly documented in sufficient detail to allow surveys to be repeated
consistently in subsequent years. We recommend the colony is monitored for at least ten years after
construction.
3.3.12 If the majority of the lesser horseshoe bat colony eventually use the artificial roosts, permanent
automated logging techniques could be considered as a long term and less labour intensive method
to monitor the colony. Automated bat detectors could be used at roost entrances to detect and
record lesser horseshoe bats entering or exiting the roost, although this would provide an index of
activity only and not a count of individual bats. Another option is to position infra-red motion
detectors across the roost entrances of the artificial roosts. The motion detectors log bats as they
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pass through infra-red beams positioned across the roost entrance. Relatively accurate methods
have been developed using active sensors that reduce the risk of false triggers, e.g. by birds or other
animals, and multiple beams can be used to determine the direction of flight and whether bats are
exiting or entering the roost (Hope and Jones 2013). These techniques have been used successfully
at lesser and greater horseshoe bat roosts in Wales to provide counts of minimum colony size (Payne
2014). If these methods are to be adopted, we suggest running them in parallel with the survey
methods described above for at least two years as the results from different methods will not be
directly comparable.
Data analysis and interpretation
3.3.13 The data collected from the above surveys will consist of counts of emerging bats. Between May and
mid-July, female bats will arrive at maternity roosts and give birth to and suckle their young, which
are unable to fly (pre-volant period). Emergence counts during this period should provide an
indication of the number of adult females within the colony. Between mid-July and mid-August,
juvenile bats are weaned and make their first flights outside of the roost (post-volant period).
Emergence counts are likely to increase quickly during this period, and the increase in number will
provide an indication of the number of juveniles within the roost. A basic measure of colony
productivity (or reproductive success) can be calculated by dividing the number of juveniles by the
number of adult females to determine how many females successfully reproduced in that season.
One juvenile per female is considered to be 100% reproductive success.
3.3.14 For an overall view of colony size and productivity, the counts from all roost locations may be added
together for each survey, and the following values noted:
a)
b)
c)
d)

Maximum total colony count recorded during pre-volant period (May to mid-July)
Maximum total colony count recorded during post-volant period (mid-July to mid-August)
Estimated number of juveniles = ( b – a )
Reproductive success (%) = ( c / a ) x 100

3.3.15 To visualise trends, multiple years of data for a) and c) could be plotted on a line graph with ‘year’ on
the x axis, and counts on the y axis. Reproductive success (d) could also be plotted on a separate line
graph for multiple years of survey.
3.3.16 The variables above should also be calculated individually for each artificial roost that is surveyed, so
that roosting and productivity within each of the artificial roost buildings can be assessed. Line
graphs for multiple years of data for each building can be plotted as above.
Detecting a negative impact
3.3.17 A significant decline in colony productivity and/or colony size would indicate that the development is
having a negative impact on the lesser horseshoe bat colony. There is likely to be some natural
variation in the size and productivity of the colony from year to year. We suggest a decline of >10%
in two consecutive years is cause for concern. We might expect to detect a decline in colony
productivity before a decline in colony size becomes apparent, unless all or part of the colony
abandoned one or more of the roosts, but a reduction of either variable should be checked. The
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most recent data on colony size and productivity from the year before construction commenced
should be used as a baseline.
Assessing the effectiveness of the artificial roosts
3.3.18 Given that original roosting buildings will be demolished, we suggest that the artificial roosts
(Hawkwell, Birchwood and Nelson) can be considered to be effective when they are collectively used
by most of the lesser horseshoe maternity colony each year (we suggest >90%), and the overall
colony size and productivity remain stable or increase. If any of the artificial roost buildings are not
used by the maternity colony after three years, it would be worth comparing successful and
unsuccessful roost microclimates to guide possible roost modification. Long term monitoring is
important, as bats may take some time to adapt to the new roost locations.
Night roost shelters, bat roosting and hibernation boxes
3.3.19 Bat roosting and hibernation boxes will be installed within some of the retained woodland
surrounding the scheme to mitigate potential roost loss from habitat clearance. Two small night
roost shelters will also be installed for lesser horseshoe bats. Baseline data prior to construction is
not required for these mitigation measures, which are designed to provide additional facilities in the
foraging areas. The night shelters should be monitored for use by lesser horseshoe bats after
installation, and although not suitable as roosts for lesser horseshoe bats, the bat boxes could be
surveyed to monitor use by other bat species. This should be done ideally by conducting monthly
daytime checks of the boxes in May, July, August and September (avoiding June when pups may be
present), but a single inspection for evidence of use (bats or bat droppings) in July or August will
provide basic data on usage. Unnecessary disturbance and handling of bats should be avoided during
box/night roost checks. Use of the bat boxes by birds should also be recorded as this may affect bat
occupancy levels (e.g. Meddings et al. 2011).

27

Roads: Assessing the effectiveness of mitigation measures for bat flightlines crossing the road
Monitoring objectives
3.3.20 To assess the effectiveness of mitigation measures that have been proposed for bats crossing the
new spine road (listed below). To be effective, the crossing structures should maintain connectivity
between habitats for commuting bats and minimise the potential for collision mortality, with the
overall aim of maintaining the favourable conservation status of the local lesser horseshoe bat
colony.
3.3.21 The survey methods below produce quantifiable data that can be used to determine whether the
structures are guiding commuting bats safely over or under the road and, when repeated before and
after construction, whether there has been any change in the number of bats using a commuting
route.
3.3.22 The recommended survey methods needed to provide baseline data to assess each of the main
mitigation measures are detailed below. These methods can be used to collect data on the target
species, lesser horseshoe bats, and also to simultaneously collect data on other bat species. It is
essential that sufficient quantitative data are collected and that a standardised and systematic
approach is used with a focus on consistency and repeatability.
Overview of survey methods
3.3.23 Proposed mitigation measures (see Homes and Communities Agency 2014) that will require
monitoring:







Northern United culvert
Hawkwell culvert
Cinderford Brook wildlife underpass (phase 1 area)
Old Engine Brook wildlife underpass (phase 1 area)
Hop-overs (at least one has been proposed within a dark corridor to the south of the junction
with the A4136, more may be incorporated along the spine road)
A4136 bat bridge (if implemented)

3.3.24 In order to assess the effectiveness of these mitigation structures, it is essential to collect
quantitative baseline data before construction for each of the flightlines to be mitigated, as well as
for other unmitigated flightlines that will be severed by the road.
3.3.25 The basic survey consists of visual observations of flight behaviour at each location paired with
echolocation call recordings for species identification, with methods similar to those used by
Berthinussen and Altringham (2015). Observations consist of counts of commuting bats, with data
on flight height, direction and distance from the linear habitat feature to be mitigated (before
construction), or the mitigation structure (after installation).

28

3.3.26 The number of bats crossing at each location should be compared before and after construction
using simple statistical tests and boxplots, as should the number of bats using the mitigation
structures, and the number crossing the scheme at risk of collision with traffic (at heights of <5 m
above the road). Mitigation structures can be considered to be effective when bats are commuting
across the scheme in similar numbers before and after construction, and at least 90% of crossing
bats are using the structure to cross safely.
Detailed survey guidelines
Before construction
3.3.27 Surveys should be conducted before construction (during at least one season) at the location of each
lesser horseshoe bat flightline that will be severed by the road (i.e. flightlines 1A, 1B, 1C, 2, 3 and 4
in Appendix C), and at the proposed location of each crossing structure if this does not coincide
exactly with a flightline. Although flightline 3 does not cross the proposed spine road, it is important
that it is monitored to provide a complete picture of commuting activity from the lesser horseshoe
bat maternity roost, and to assess the effectiveness of the proposed bat bridge over the A4136 (if
implemented).
3.3.28 A minimum of six 60 min dusk or dawn surveys (commencing either at sunset or one hour before
sunrise) should be carried out at each location, including at least three at dusk, to account for night
to night variability in bat activity patterns. Surveys should be conducted between May and August
inclusive in good weather conditions (temperature >7°C, wind <20 km/h, no rain). September may
be acceptable (e.g. for surveying the phase 1 sites within the time constraints of the construction
schedule) but bat activity may be lower and behaviour may be atypical. If conditions deteriorate
during a survey, it should be abandoned and repeated on a subsequent evening when conditions
improve.
3.3.29 Two surveyors are recommended, with both surveyors positioned along the existing flightline or
proposed crossing structure location, one on each side of the proposed road, facing towards each
other. For flightlines along a wide habitat feature (e.g. a strip of woodland), more surveyors and bat
detectors may be required to ensure that activity is not missed, or surveys could focus on narrower
pinch points if they correspond with the crossing location. This will need to be determined by
surveyors on the ground at each site. The number and position of surveyors and detectors must be
thoroughly documented to ensure that methods can be repeated precisely in subsequent years.
3.3.30 Each surveyor should be equipped with a data recording sheet, heterodyne bat detector set to an
audible volume to alert the surveyor to the presence of a bat and tuned to the appropriate
frequency for the bat species of interest (e.g. 110 kHz for lesser horseshoe bats, 45 kHz for other bat
species), a suitable bat detector and recording device set to automatically detect and record bat
echolocation calls (we recommend full spectrum methods for high quality recordings of all bat
species), and optional additional automated detectors placed along the flightline to aid species
identification. An example datasheet has been provided in Appendix D. Site maps or diagrams may
also be useful for quick reference to compass bearings during surveys, and for annotating with
surveyor positions etc.
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3.3.31 To accurately judge flight heights and distances, marker poles may be erected (e.g. we use
lightweight telescopic fishing net handles with clip‐on red LED battery bicycle lights at 1 m intervals).
Alternatively, measurements can be taken in the survey area and reference points used (such as the
height and distance of fixed physical landmarks such as road signs, fencing, road markings etc.).
Either way, surveyors should be confident that they can quickly and consistently estimate heights
and distances to the nearest metre if the bat is flying <5 m from the ground.
3.3.32 Each surveyor should record observations of all commuting bats during the survey, including details
on flight height, direction and distance from the habitat feature/flightline to be mitigated (to the
nearest metre). The time of each observation must be recorded accurately (ideally to the nearest
second), and the time should be taken from the bat detector/recorder or a watch/clock
synchronised with it. This will allow each observation to later be paired with echolocation call
recordings for species identification. Each commuting bat flying across the proposed location of the
road should be recorded as a separate observation, regardless of whether the same bat has crossed
more than once.
During/after construction
3.3.33 Surveys should be repeated, following identical methods to those described above, at each location
both during and after construction. Where a temporary or permanent mitigation structure has been
installed, surveyors will also record the distance of commuting bats from the structure (to the
nearest metre). We recommend surveys are repeated annually for a minimum of three years postconstruction. If mitigation is found to be effective and the lesser horseshoe colony is stable or
increasing, surveys could then be conducted in years 5, 7 and 10 post-construction to confirm longer
term stability. If mitigation is found to be failing and the colony is decreasing, annual surveys should
be continued until this is rectified.
3.3.34 The same number of dusk and dawn surveys must be completed at the same time of year at each
site in subsequent years of monitoring to allow for accurate comparison. If possible, the same team
of surveyors (with the same equipment) should conduct the repeat surveys to eliminate any
variation due to observer and equipment bias.
3.3.35 The same number of surveyors should be used as in the previous surveys. However, where
underpasses or culverts have been installed one surveyor should be positioned at one end of the
underpass/culvert to record bats flying through it, and one surveyor should be positioned on one
side of the road above to record bats flying over the road.
Data analysis and interpretation
3.3.36 Records of observations from all surveyors should be combined and duplicates removed. Each bat
that was observed should be identified to species (if this was not possible in the field) by referring to
the echolocation calls recorded at the exact time of the observation. This could be done by visually
inspecting sonograms using software, such as Batsound Pro (www.batsound.com), or by using
automated identification software, such as BatClassify (www.bitbucket.org/chrisscott/batclassify).
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Observations of species other than lesser horseshoe bats should be removed from the dataset (and
analysed separately if required).
3.3.37 To determine the effectiveness of the mitigation, we need to determine whether the crossing
structure is effectively maintaining connectivity so that bats can continue to use commuting routes
and habitats in the surrounding landscape as they did prior to construction, and if it is guiding bats
safely over or under the road minimising the risk of mortality through collisions with traffic.
Therefore, the effectiveness of each crossing structure is assessed by both of the following
questions:
1) Are similar numbers of bats using the commuting route both before and after construction
and installation of the crossing structure?
2) Are at least 90% of bats using the crossing structure crossing the road safely?
Are similar numbers of bats using the commuting route both before and after construction and
installation of the crossing structure?
3.3.38 To answer this question, the total number of lesser horseshoe bats crossing per survey should be
calculated before construction (the baseline data). This can then be compared to the total number
of bats crossing per survey in subsequent years e.g. during or after construction. To visualise the
data, boxplots can be produced to show the median number of crossing bats per survey during each
stage of construction, as well as the variance in the data (see below).

Example boxplot showing the median (with upper and lower quartiles) of the number of bats crossing per
survey before, during and after construction.

3.3.39 Comparisons can be made between any two years of data or stages of construction (e.g. before,
during or after) using a simple statistical test, the Wilcoxon signed rank test. This can be carried out
in most statistical programs, such as SPSS and R. A P value of less than 0.05 indicates that the
difference in activity between the two years has only a 5% probability of occurring by chance and
can be assumed to be a real change in activity. The percentage change in the number of bats using
the commuting route can also be calculated from the totals.
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Are at least 90% of bats using the crossing structure crossing the road safely?
3.3.40 We recommend the following set definitions are used to determine whether bats are ‘using’ a
mitigation structure to cross the road, or are crossing the road at ‘safe’ or ‘unsafe’ heights
(Berthinussen & Altringham 2015).


Use of the mitigation structure
Over the road structures: bats crossing the road within 5 m of the crossing structure and at a
safe height (over 5 m above the road)
Underpasses: bats flying through the underpass to cross the road



Safe / unsafe crossing heights
‘Safe’ and ‘unsafe’ crossing heights are defined as being greater and less than 5 m above the
road surface respectively. Bats crossing the road below a height of 5 m are considered to be
at risk of being killed by passing traffic.

3.3.41 Using the definitions above, the total number of bats crossing the road for each of the following
across all surveys after construction should be calculated:
a) The total number of crossing bats
b) The total number of bats crossing ‘using’ the mitigation structure
= the number of bats crossing at a horizontal distance of less than 5 m from the structure
and at a height between 5 m above the road and 5 m above the structure
c) The total number of bats crossing the road unsafely
= the total number of bats crossing the road at a height of 5 m or less
3.3.42 These totals could be presented in a table as well as a boxplot to visualise the data. To assess
effectiveness, percentages for each crossing behaviour should also be calculated from the totals
above.
3.3.43 Detailed instructions and code for carrying out all of the above analysis in the R program are given in
our Defra report WC1060 (Berthinussen & Altringham, 2015).
Drawing conclusions
3.3.44 The results from the analysis for Q1 and Q2 above are used to assess the effectiveness of each
mitigation structure.
3.3.45 For a crossing structure to be effective, a similar number of bats must be using the commuting route
before and after construction, and at least 90% of bats must be ‘using’ the structure to cross the
road safely. If either of these criteria are not met, then the crossing structure cannot be considered
to be effective.
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3.3.46 If the number of bats using the commuting route has declined substantially since construction then
the mitigation structure cannot be considered to be effective. A statistically significant decline of
10% or more suggests a non-effective crossing point. A decline of more than 20% that is not
statistically significant suggests that more data are required to reach a reliable conclusion. Either the
road is acting as a barrier to commuting bats, bats are crossing the road at other locations, or the
number of bats in the colony has declined since road construction (this would be revealed by
monitoring the colony). Either scenario implies failure of the mitigation structure in question.
3.3.47 If less than 90% of bats are using the crossing structure and more than 10% of bats are crossing the
road unsafely, then the number of bats potentially being killed through traffic collision mortality is
likely to have a detrimental impact on the bat colony.
3.3.48 If less than 50% of bats are using the crossing structure, but less than 10% of bats are crossing the
road unsafely, the structure is still ineffective as it is not being used by the majority of bats to cross
the road. However, as the majority of bats are crossing the road at a safe height in this scenario, it
may be that the crossing structure is not needed. If this scenario does occur then careful site-specific
consideration would be needed. It may be that other aspects of the site are increasing the flight
height of crossing bats, such as elevated verges or tall trees approaching the road, and these would
need to be maintained. Or it may be that bats are choosing to cross at other more suitable crossing
points. Considerable monitoring and understanding of the site would be needed before any changes
are made, or crossing structures removed.
3.3.49 Other scenarios are also clearly possible, and the results must be given careful consideration.
Although we suggest that mitigation structures are assessed individually as above, it will also be
important to review the results from all crossing structures collectively. The movement of lesser
horseshoe bats across the development site may change during and/or after construction with
different numbers of bats using different crossing points, and the results from all crossing structures
will be needed to understand site-wide changes and impacts. Overall, the total number of lesser
horseshoe bats crossing the spine road at risk of collision mortality should be < 10% of the total
colony size. Potential increases in mortality above this level may have a detrimental impact on the
colony.

Temporary brash corridors
3.3.50 Temporary brash corridors will also be put in place along Old Engine Brook and the eastern
boundary of the Hamblett land. Although principally designed as mitigation for Dormice, it is
acknowledged that the corridors may also mitigate potential habitat fragmentation and maintain
connectivity for all bat species (until permanent measures are installed). Whilst this measure is not
specifically identified within the Appropriate Assessment for lesser horseshoe bats, in order to
assess effectiveness, it would be necessary to collect quantitative baseline data for the flightline to
be mitigated at the location of the temporary corridor prior to construction.
3.3.51 Baseline data for the temporary corridor can be collected using identical methods to those described
above, with surveyors positioned along the existing flightline at the location of the proposed
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temporary corridor. Surveys should be repeated in the same location and using the same methods
during construction when the temporary corridor is in place, and also once the permanent measures
(a new hedgerow) have been installed. Effectiveness of these mitigation measures could be assessed
using methods similar to those for other flight path mitigation (e.g. by answering Q1 in the analysis
section above).
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Habitat: Assessing the effectiveness of habitat creation and enhancement areas for bats
Monitoring objectives
3.3.52 To assess the effectiveness of habitat creation and enhancement in mitigation areas for foraging
bats. To be effective, habitat mitigation areas should support a significantly higher level of bat
foraging activity than previously found in the area, with the overall aim of maintaining the
population size of the local lesser horseshoe bat colony.
3.3.53 The recommended survey methods needed to provide quantitative baseline data to assess each of
the habitat mitigation areas are detailed below. These methods can be used to collect data on the
target species, lesser horseshoe bats, and also to simultaneously collect data on other bat species. It
is essential that sufficient quantitative data are collected and that a standardised and systematic
approach is used with a focus on consistency and repeatability.
Overview of survey methods
3.3.54 Habitat creation and enhancement will be carried out to mitigate habitat loss within the
development footprint (Homes and Communities Agency 2014). This will involve the replacement of
conifer plantations with species-rich grassland, riparian habitats, shrub layers and mature stock
broadleaved woodland, as well as the enhancement of existing woodland and grassland. There are
six mitigation areas of varying size for the phase 1 area, and a further 11 mitigation areas for phase 2
of the development (see Appendix B). These mitigation areas vary in size from 0.1 ha to 6.89 ha and
incorporate various combinations of the habitat improvements described above.
3.3.55 Automated detectors should be deployed within each proposed mitigation area to collect
quantitative baseline data on bat activity. Surveys should be repeated after the habitats have been
created or enhanced for comparison. As some natural variation in bat activity is inevitable, sufficient
data must be collected to allow changes resulting from the habitat improvements to be detected.
We have suggested the use of automated detectors to monitor habitat use as they can be left to run
unattended, and will require less input and resources than more intensive survey methods, such as
transect surveys. Long term monitoring will be required as habitats will take a considerable amount
of time to become established. We recommend annual surveys are repeated for a minimum of 10
years post-construction. If this survey frequency is not possible, annual surveys could be conducted
for the first three years followed by biennial surveys, although this may make it more difficult to
detect trends, assess effectiveness and implement adaptive management.
Detailed survey guidelines
3.3.56 Six automated detectors should be deployed at least 30 m apart along habitat interfaces, such as
grassland, woodland and wetland edge (or proposed location of habitat interfaces prior to
construction) within each planned habitat mitigation area. Bat activity is likely to be highest and
more appropriate for monitoring within these edge habitats. For small mitigation areas, the number
of detectors may need to be reduced if the area is too small to place detectors at least 30 m apart.

35

3.3.57 Prior to construction work commencing, the detectors will be deployed in the existing habitats e.g.
conifer plantation, at locations that correspond with the edges of the proposed habitat
improvements. For example, in mitigation area MP-2(F)A, two detectors should be deployed along
the location corresponding to the edge of the grassland enhancement area, two along the location
corresponding to the proposed new woodland edge, and one detector on the proposed edge of two
of the small pond sites. For mitigation areas with only one type of habitat improvement (e.g. MP2(R)A where 2.43 ha of conifer plantation will be replaced with grassland), all six detectors would be
deployed along the location corresponding to the grassland edge. Once mitigation areas are created,
detectors will be deployed in the same locations along the newly created habitat interfaces.
3.3.58 Detectors should be installed at a height of approximately 1.5 - 2 m above the ground with the
microphone aligned horizontally, and set to automatically detect and record bat echolocation calls
from sunset to sunrise. The date, start and finish time of all surveys must be recorded, as well as the
exact location of the detector. Each detector should be left to record for five consecutive nights per
month between May and August inclusive. Surveys must be repeated at approximately the same
time within each month in subsequent years of monitoring so that direct comparisons can be made.
3.3.59 An identical brand and model of bat detector set with identical settings must be used for all surveys
and for all future repeats. Detailed notes must be made about the detectors and all settings used to
ensure consistency in future surveys. We recommend full spectrum bat detectors e.g. the Pettersson
D500x (www.batsound.com), to maximise the volume of data that can be collected and to ensure
high quality recordings of all bat species.
3.3.60 Ideally, surveys should only be done in ‘good’ weather, avoiding periods of prolonged heavy rain,
strong winds or low temperatures that may influence bat activity levels. Short periods of inclement
weather during the five nights of recording should not impact the overall results.
3.3.61 All data must be regularly downloaded and backed up for later analysis.
Data analysis and interpretation
3.3.62 All bat echolocation calls recorded during the above surveys must be identified to species. We
recommend that this is done using automated identification software, such as BatClassify
(www.bitbucket.org/chrisscott/batclassify), as large numbers of calls are likely to be recorded.
Observations of species other than lesser horseshoe bats should be removed from the dataset (and
analysed separately if required).
3.3.63 To determine the effectiveness of a mitigation area, we need to know if it supports a significantly
higher level of bat foraging activity than before it was created or enhanced. The data collected
during the year (or more) before construction commenced should be used as a baseline for bat
activity in each mitigation area. The total number of lesser horseshoe bat passes recorded within a
mitigation area must be counted for each recording per survey. A single bat pass can be defined as:
one or more clearly recognisable echolocation calls from a single species, separated from the next
pass by a gap of at least 1 second. The totals should be entered into a spreadsheet for each
mitigation area with the survey results in chronological order. Columns of data can be added for
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repeat surveys in subsequent years, e.g. during or after construction, again in chronological order.
To visualise the data, boxplots could be produced for each mitigation area to show the median
number of bat passes per survey during each year or stage of construction, as well as the variance in
the data (see earlier example).
3.3.64 Comparisons can be made between any two years of data or stages of construction (e.g. before,
during or after) using a simple statistical test, the Wilcoxon signed rank test. This can be carried out
in most statistical programs, such as SPSS and R. A P value of less than 0.05 indicates that the
difference in activity between the two years has only a 5% probability of occurring by chance and
can be assumed to be a real change in activity. The percentage change in the number of bat passes
recorded in the mitigation area can also be calculated from the totals.
Drawing conclusions
3.3.65 A mitigation area can be considered to be providing effective mitigation for the loss of foraging
habitat, when lesser horseshoe bat activity levels are higher in the area than previously found before
habitat creation or enhancement was carried out. Some natural variation in bat activity is expected
between years. We suggest a statistically significant increase in lesser horseshoe bat activity over
two or more years shows that the habitat mitigation areas are effective. If there is no statistically
significant change in bat activity levels, or activity decreases, the mitigation areas cannot be
considered to be effective. Long term monitoring (for at least 10 years) is advisable as habitats will
take some time to become established, and bats may take time to adapt to them.
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3.4

Adaptive management

3.4.1

We provide recommendations for monitoring and assessing each mitigation measure individually.
However, the results must also be considered collectively to provide a full understanding of the
impacts on the lesser horseshoe bat colony and the effectiveness of the combined mitigation
measures across the whole development site. Bat behaviour may change across the development
site after construction. For example, the number of bats using a flight path could decrease
significantly if the majority of bats switch to using an alternative flight path, but this may not
necessarily result in a detrimental impact on the colony. It is important to closely monitor the bat
colony as well as changes in bat behaviour across the site, and the effectiveness of mitigation
measures. Using the methods recommended above, it is likely that a failing mitigation feature would
be detected quickly (e.g. a crossing structure that is not preventing traffic collision mortality),
whereas changes in colony size may take several years or more to become apparent.

3.4.2

If any of the mitigation measures are found to be failing and/or negative impacts on colony size or
productivity are detected, corrective measures may be required. This could include additional
planting or screening, removal of lighting or imposing light restrictions, further habitat
improvements, modification of existing crossing structures or installation of new structures,
improving access to or modifying conditions within artificial roosts etc. We are unable to provide
specific recommendations for such measures at this stage, as the most appropriate course of action
will depend on the specific scenario at the time. Corrective measures such as these must be given
careful site-specific consideration and relevant experts should be consulted. From our experience
and the evidence available, retrofitting or adapting mitigation post-construction is often ineffective
and considerable damage is already likely to have been done at that stage. It is important that
mitigation is designed to be as effective as possible from the outset.
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Appendix A: Development plan

Northern Quarter Masterplan Concept, supplied by Forest of Dean District Council.
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Appendix B: Mitigation plan

Figure 7.5 from Homes and Communities Agency (2014) Environmental Addendum Vol. 2 – Hybrid Planning Application – Northern Quarter Cinderford. June 2014.
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Appendix C: Lesser horseshoe bat flightlines

Figure 7.4 from Homes and Communities Agency (2014) Environmental Addendum Vol. 2 – Hybrid Planning Application – Northern Quarter Cinderford. June 2014.
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Appendix D: Survey datasheet
Date:

Road/structure:

Sunset /
sunrise time:

Surveyor
position:

Start time:

Surveyor name:

Record no.

Time on recorder
(hh:mm:ss)

Temp (°C)

Wind (km/h)

Rain (no/light)

Cloud cover (%)

Start
Middle
End
Observations of crossing bats

Height above
Distance from
ground/road (m)
feature (m)

Side of feature

Direction
crossing

Comments
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Survey datasheet additional pages
Record no.

Time on recorder
(hh:mm:ss)

Observations of crossing bats
Height above
Distance from
ground/road (m)
feature (m)

Side of feature

Direction
crossing

Comments
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‘Bats, roads and mitigation’
Poster presentation, BritBats conference, Zoological Society London, April 2010
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