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Summary and conclusions 

 

1. Summary of WCC proposals 
 

1.1 The proposed A350 Westbury bypass would have a severe adverse effect on 
a nationally and internationally important assemblage of bats, that includes 
at least 12 of the UK’s resident species and all four Annex II species, 
afforded special protection by the Habitats Directive. 
 

1.2 The bypass would sever a number of important flightlines used habitually by 
many species of bat. The likely, primary consequences would be (i) increased 
mortality through road kills by fast and heavy traffic (ii) fragmentation of 
foraging and roosting areas, resulting in less, and poorer quality, habitat. 
Alone or in combination these are likely to lower the size of local bat 
populations, potentially to unsustainable levels for some species.  
 

1.3 Long-term mitigation measures have been proposed at each of the important 
flightlines to be severed. These take three forms: underpasses aimed at 
directing the bats safely under the new road, ‘green bridges’ aimed at 
directing bats safely over the road and ‘bat gantries’ designed to act as 
guides to echolocating bats to carry them over the road at a safe height, in 
the absence of an underpass or green bridge. In addition, new planting of 
trees and shrubs, together with strategically placed fences and lights, will 
aim to guide bats from existing flightlines to safe crossing points and 
dissuade them from crossing the road. 
 

1.4 Short-term mitigation is proposed to minimise disturbance during 
construction. This focuses on carrying out work primarily when the bats are 
hibernating and minimising the use of lights. 
 

1.5 A brief outline is given of during- and post-construction monitoring that aims 
to show that mitigation is effective. Remedial action is planned should 
mitigation fail. 
 

1.6 It is concluded that the proposed mitigation will reduce the effects of the 
road scheme on bats from ‘severe adverse’ to ‘slight adverse’. 
 

1.7 Bats captured on the site of the scheme are known to belong to populations 
from at least one local SAC, but an Appropriate Assessment was not seen to 
be necessary. 
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2. Review of mitigation case studies and the scientific literature on road 
ecology and mitigation 
 

2.1 It is now widely acknowledged that roads have profound effects on wildlife. 
There is a rapidly growing scientific research field of ‘road ecology and 
mitigation’ which aims to investigate the interactions between roads and the 
natural world and minimise the adverse effects roads have on our 
environment. 
 

2.2 To assess the likely effectiveness of WCC’s proposals I reviewed all the 
documentary evidence I could find relating to mitigation for bats on road 
schemes. Since there are few such studies I also reviewed the more 
abundant scientific literature on the effects of roads and mitigation for other 
wildlife, particularly that on birds and mammals that was likely to be relevant 
to bats. 
 

2.3 The literature on other wildlife strongly supports the view that roads will have 
major adverse effects on bats. 
 

2.4 There are few peer-reviewed papers on bats and roads in scientific journals 
and none describing robust studies that give strong support for the 
effectiveness or otherwise of bat mitigation structures. None of the 
consultancy reports available from schemes in the UK describe ‘before and 
after’ studies of the effects of roads and mitigation structures. Poor 
experimental design, inadequate monitoring and the absence of pre-
construction data mean that few reliable conclusions can be drawn from 
these reports. There is weak evidence from several studies that bat activity 
around schemes declined after road-building. Although some bats appear to 
be using mitigation features, the numbers are generally low and many 
continue to use dangerous flightlines over new roads. 
 

2.5 Underpasses and ‘green bridges’ appear to have some potential as mitigation 
features for bats. However, use by an ill-defined number of individuals 
does not equate with effectiveness at maintaining populations in 
favourable conservation status. Better research is needed to assess their true 
value. Early indications suggest that ‘bat gantries’ are ineffective, since many 
of the bats that appear to fly near them do so at heights that will lead to 
traffic collisions. 
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3. Likely effectiveness of the mitigation proposed for the A350 
 

3.1 Considerable thought and effort has gone into the design of the mitigation 
features. Given our current, very poor level of understanding, I can see little 
room for changes that would lead to an assured improvement in their 
effectiveness. 
 

3.2 There are no data to support the effectiveness of the proposed measures. 
Weak evidence from earlier schemes in the UK points to reduced, post-
construction bat activity and poor adoption of all forms of mitigation feature. 
There is no objective support for the view that these features will adequately 
mitigate against the adverse effects the road will have on local bat 
populations. 
 

3.3 The description of the proposed during and post-construction monitoring is 
brief, vague and wholly inadequate. What little detail there is suggests that it 
will not be effective. Improved monitoring standards and resources are 
essential if mitigation is to have any objective basis. 
 

4. Conclusions 

There is no objective evidence to suggest the ‘severe adverse’ effects the road will 
have on bats will be significantly diminished by the proposed mitigation measures. 
Should the scheme go ahead, this important bat assemblage may well suffer 
significant population declines. As it presently stands, the proposed monitoring is 
unlikely to be able to convincingly assess the effectiveness of mitigation. Another 
opportunity to promote and practice evidence-based conservation will be lost. 
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(Automated equipment used by Billington (2001-2006) is more sensitive 
and yielded a weak but statistically significant correlation, but data were 
again sparse). It is therefore impossible to compare the results from 
different years, or indeed draw any quantitative conclusions. The 
problems are exacerbated by the different design and intensity of surveys 
in all three years and by changes in protocols and the positioning of the 
numerous recorders within some years. 
 
Despite the flaws in the surveys, it is clear that throughout construction, 
lesser horseshoe bats continued to use the Hopyard Farm underpass in 
significant numbers. However, it is not possible to say whether numbers 
increased or decreased post-construction. Data are too sparse from other 
crossing points to draw meaningful conclusions. 
 
It should be noted that at Hopyard Farm the new culvert was placed 
inside an existing, high, wide and short underpass that was already being 
used by the bats. This would have significantly increased the likelihood of 
adoption by the bats. 
 
Summary. Bats continued to use a flight corridor under the new road 
during the insertion of a new, longer culvert within the old underpass. 
Continued, improved monitoring is needed before the success of the 
scheme can be properly evaluated. The continued use of an existing but 
modified structure is encouraging, but gives no assurance that bats would 
respond to a completely new structure in a similar way. 

 
3.8.3 A487 Llanwnda to Llanllynfni Improvement 2001 – 2006 (Billington 2001, 

2002, 2003, 2004, 2005, 2006). 
 

Construction started in January 2000 and the road was opened in 
September 2000. 
 
Summary of early surveys (capital letters in brackets refer to locations on 
Map 1, Appendix 1, Billington 2006) 
1997. Two lesser horseshoe bats recorded at Dafarn Dudur (H) 
1999. Two lesser horseshoe bats recorded at Glynllifon (E) 
2000. Flight corridors confirmed at Dafarn Dudur (H) and Glynllifon (E) (a 
minimum of 7 & 14 bats respectively.) 
2001. 576 lesser horseshoe bats counted at Glynllifon nursery colony, the 
largest in Europe and present for 40+ years 
 
These surveys revealed two flight corridors but did not adequately 
quantify their use. The do not provide useful pre-construction baseline 
data. Roost emergence counts had been made at the large Glynllifon 
lesser horseshoe bat roost for several years before the road was built. No 
surveys of the other six or more bat species were carried out pre-
construction. 
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2001. Mitigation was put in place in May-November 2001, i.e. 
commencing six months after the road was opened. This included the 
construction of a culvert at Glynllifon (E) (to which 2/4 m high fencing 
was later added). 
• May 2001. Bats were now crossing the road at four new points (B, J, K 

& L), but few lesser horseshoe bats were recorded at each. There 
appears to either have been fragmentation of the lesser horseshoe bat 
flight corridors, or the discovery of previously undetected crossing 
points. 

• August 2001. Up to 84 lesser horseshoe bats crossed the road at 
Groeslon (S), a previously unused site. Bats crossed the road at 
vehicle collision height. Five lesser horseshoe bats flew through the 
Glynllifon culvert (E) and two flew over the road above it. Five lesser 
horseshoe bats crossed the road at Dafarn Dudur (H) one of the two 
known pre-construction crossing points. 

• September 2001. Five lesser horseshoe bats and five Myotis bats 
crossed the road at (B) and two brown long-eared bats at a previously 
unused site (A). One lesser horseshoe bat and several Myotis bats flew 
over the road at Glynllifon (E) and two lesser horseshoe bats used the 
culvert. 13 lesser horseshoe bats and 6 Myotis bats crossed the road 
at Groeslon (S). Seven lesser horseshoe bats and six Myotis bats 
crossed the road north of Bethesda Bach Bridge (T), another new 
crossing point. 

• Similar patterns with reduced activity were observed in October. 
• Road casualties in 2001: Eight lesser horseshoe bats and two 

whiskered bats, at S, B and J. 
• Mitigation measures were modified during the surveys. Lighting at 

Groeslon (S) (3/4 and 22/23 October), the major LHB crossing point, 
was said to be deflecting bats from crossing the road. This 
supplemented existing 2 m high fencing. However, the number of bats 
crossing had already declined steadily, almost to zero, for other 
reasons (most likely a natural, seasonal trend) and there is no 
evidence from these data to support the use of lighting as effective 
mitigation  
 
2001 summary. Bats were making use of more crossing points than 
before road construction, with very limited use of the new culvert at 
their traditional crossing point at Glynllifon (E). Behaviour appeared to 
be in flux throughout the season. There were significant casualties on 
the new road. There is little evidence to suggest any of the mitigation 
features were effective at this stage. 

 
2002. Festoon lighting was erected at Groeslon(S) on 15/16 April and on 
13-15 May this was extended north of Bethesda Bach Bridge to (T). The 
lighting was in place until the end of November. Other mitigation 
measures were adopted at other sites. 
• The Glynllifon culvert (E) was used by a maximum of two lesser 

horseshoe bats over seven survey nights (April-October). Six lesser 
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horseshoe bats in total used the culvert in this period. Over the same 
period 20 lesser horseshoe bats flew over the road above the culvert, 
with a maximum of eight on any one night. On the same night two 
used the culvert. We do not know with any certainty how many lesser 
horseshoe bats used this crossing before construction, since the 
surveys were limited (but suggest a minimum of 14), but it was now 
used by fewer bats and most did not use the culvert provided, despite 
further modification of the fencing to funnel bats into the culvert and 
prevent them crossing the road. 

• At Groeslon (S) small numbers of lesser horseshoe bats continued to 
cross the road: 25 over five nights. Of these, 16 did so away from lit 
areas. The numbers of bats using lit and unlit areas were not 
significantly different to those expected by chance. It cannot be 
assumed from these data that the lights reduced the number of bats 
crossing the road. However, 193 lesser horseshoe bats crossed the 
road over a 500 m section north of the Groeslon crossing (S) over 10 
nights of survey. 105 of these crossed at two locations not previously 
used. Either the lights were dissuading bats from crossing at Groeslon, 
or this change in behaviour was due to some unknown cause. If the 
lights at Groeslon (S) were altering the bats’ behaviour, they were 
merely moving the problem to another stretch of road: six dead bats 
(incl. four lesser horseshoe bats) were found in this area. 

• A strong recommendation was made for a culvert at Groeslon (S) as 
the most likely solution to the problem of bats crossing the road at the 
north end of the scheme. 

 
2003. The suggested culvert at Groeslon (S) was not built, but low-level 
bollard lighting was installed on both sides of the road between Groeslon 
(S) and a point several hundred metres north along the road, near 
Bethesda Bach Bridge (T). Over seven survey nights (April-Sept) 131 bats 
flew under Bethesda Bach bridge, a safe route previously unused. 
However, 63 lesser horseshoe bats crossed the road north of Bethesda 
Bach Bridge and a further 27 crossed the road 1 km south of the bridge 
between the Greoslon crossing(S) and the cycleway bridge at (B), an area 
previously used by few bats. These bats may have been displaced by the 
lighting. Only two bats were recorded using the Glynllifon culvert (E) 
despite further planting to improve flight corridors. Over the same period 
10 dead bats were found along the road (incl. seven lesser horseshoe 
bats).  
• Expressed as bats/survey night, there was a decrease in the number 

of bats crossing the road north of Bethesda Bach Bridge between 2002 
and 2003 (19.3 and 9.0 resp.), but an additional 3.9/night crossed the 
road further south in 2003. 

• Again, a strong recommendation was made for a culvert at Groeslon 
(S). Further mitigation recommendations were made at other 
locations. 

 
2004. Over eight survey nights 166 lesser horseshoe bats used the 

22 | A l t r i n g h a m :  B a t  E c o l o g y  a n d  M i t i g a t i o n  
 



Bethesda Bach Bridge (T), or 20.8/night, very similar to the 18.7/night 
recorded in 2003). 89 lesser horseshoe bats, or 11.1/night, crossed the 
road north of it, a small increase on the 2003 levels. A planted earth bank 
had been built on the west side of the road prior to the surveys. Eight 
dead bats (three lesser horseshoe bats) were found during the surveys. 
 
2005. The number of bats using Bethesda Bach Bridge (T) had increased 
to 30.7/night (215 over 7 nights), but 16/night (96 over 6 nights) were 
still crossing the road north of the bridge. Ten dead bats (four lesser 
horseshoe bats) were found. 
 
2006. The number of bats using Bethesda Bach Bridge (T) remained at 
31/night (186 over 6 nights), and 8.3/night (50 over 6 nights) were still 
crossing the road north of the bridge. Road casualty surveys were not 
carried out. 
 
Summary to 2006. Road construction led to the disruption of two known 
lesser horseshoe bat flightlines over the route of the road. Bats attempted 
to cross at numerous points in subsequent years. Mitigation was carried 
out one year after the road opened. A culvert on one of these flightlines, 
Glynllifon (E), designed to guide the bats safely under the road has been 
unsuccessful: few bats use it and a small number continue to fly over the 
road at this point. Large numbers of lesser horseshoe bats attempted to 
cross the road at a new location near Groeslon (S). Repeated 
recommendations were made for a culvert at this point, but were not 
acted upon. Fencing did not deter bats from crossing the road but lighting 
appears to have displaced them both north and south along the road. 
Many bats used a safe route under the road at Bethesda Bach Bridge 
between 2003 and 2006, a previously unused crossing, which was not a 
designed mitigation structure. However, significant numbers of bats 
continued to cross the road north and south of the bridge, despite 
additional mitigation measures. These measures may be responsible for a 
moderate decline in the number of bats crossing the open road in this 
area. Small numbers of bats continued to cross the road at several other 
locations. Bat casualties were reported each year. Mitigation cannot yet 
be said to have been successful, since a substantial minority of the bats 
recorded continue to cross a dangerous road six years after completion of 
the scheme.  
 
The 47 casualties (29 lesser horseshoe bats) recorded over five years will 
be an unknown but small fraction of the real total, given the low 
probability of recovering corpses (Slater 2002) and the survey frequency. 
We can estimate the casualties over the two most intensively surveyed 
months, August and September, and from this we can estimate annual 
mortality at least to a first approximation. 
 
41 dead bats (25 lesser horseshoe bats) were recovered in the months of August 
and September between 2001 and 2005. One bat was found in May and five (four 
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lesser horseshoe bats) in October. The low counts in October are presumably due 
to low bat activity, since many surveys were carried out. The single bat in May 
reflects very low survey effort April-July. Over the five years, surveys were 
carried out on 214 of the available 305 days in August and September. Pro rata, 
this raises the death toll to 58 bats (36 lesser horseshoe bats). Bats will certainly 
be as active May-July inclusive as in August and September. Lesinski (2007) 
reported a bias towards juveniles, but this was not evident in the data from 
Billington (2001-6). However, if we nevertheless assume that inexperienced 
juveniles are most at risk, road kills will be fewer prior to their first flights in July. 
We could therefore increase the August - September death toll by a conservative 
50% to cover the main active season of the bats (May-September incl.), i.e. 87 
bats (54 lesser horseshoe bats). These figures do not take into account bats not 
found or bats scavenged prior to the survey, both of which will be significant. 
Slater (2002) suggests the effects of scavengers can lead to a 12-16 fold 
underestimate. I doubt the underestimate is so great in this case, since surveys 
were done on most nights and quite early in the day, but it would certainly be 
safe to double the reported figures. We arrive at a conservative estimate of 100 
lesser horseshoe bats or 20 per annum. 
 

 
Road casualties of 20 p.a. represent 5% or more of the probable annual 
recruitment to the Glynllifon colony of lesser horseshoe through births. On 
top of other, existing causes of death, this may be unsustainable in the 
long term (NACHTaktiv and SWILD 2006). 
 
The number of lesser horseshoe bats in the roost at Glynllifon has 
fluctuated between 1998 and 2006 (Billington 2006), and in 2006 was 
443, 28% lower than its 2001-4 maximum of 614 and the lowest number 
since counts began in 1998. It would be unwise to draw any conclusions 
from trends over this short period, but it would be a concern if numbers 
continued to decline. 

 
3.8.4 A66 Stainburn and Great Clifton bypass, Cumbria 2001-2003 (Highways 

Agency 2006, based on Billington 2001a, b, c, 2003). The Highways 
Agency has not released a detailed report, so an assessment of this 
scheme is based on a joint summary published with the Bat Conservation 
Trust. This unfortunately leaves some significant omissions and 
ambiguities in the data. 

 
July 2001. A temporary ‘ribbon’ bridge was erected after clear-felling a 
narrow strip of woodland crossed by the new road. The bridge consisted 
of three pairs of posts each supporting four nylon ribbons. 33 of 35 bats 
recorded on the one survey night followed the ribbon bridge across the 
clear-felled area, at an average height of 3.4 m above ground level, but 
“some” flew as low as 2 m. Although seven species were recorded, 
activity (number of bat passes) was 77% lower than in September 2000, 
prior to clear-felling. 
 
September 2001. The two lower ribbons had been removed and 2 m 
high mesh fencing had been erected in an attempt to raise the height at 
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which bats crossed the road. Only three species were recorded and 
activity was just 1% of that recorded in September 2000 and only two 
bats (of an undeclared total) used the ribbon bridge. 
 
October 2001.  Activity was “slightly” higher than in September 2001 
and three of eight bats used the ribbon bridge, flying at a height of 3.8 m. 
 
July 2002. The two lower ribbons had been reinstated and the fencing 
was still in place. Five species were recorded and 22 of 25 bats (88%) 
used the ribbons (flight height not given). It is not stated how activity 
compared to that in 2000. 
 
December 2002. The road was opened. A wire bridge had replaced the 
ribbon bridge, with only two pairs of posts instead of three. 
 
July 2003. 28 of 89 bats (31%) used the wire bridge relative to the 88% 
that used the ribbons at the last survey. Average flight height was 4.2 m, 
i.e. still within the collision zone. Again, activity levels are not compared 
to pre-construction levels. 
 
May 2004. Audit by Capita. The fencing had been vandalized and none of 
the specified tree retention or planting had been done. Plans to improve 
the wire bridge had not yet been implemented. 
 
Further surveys have been conducted, but reports have not been released 
by the HA. 
 
Summary: There was a very large decline in activity post-construction 
and a minority of the remaining bats used the bridge, most within the 
collision zone. The mitigation cannot be judged successful. 

 
3.8.5 Sirhowy Enterprise Way, Abergavenny (Highways Agency 2006). A bat 

gantry was built, but no useful data are available on bat use from the 
brief and qualitative final 2008 report (Stebbings 2008). 

 
3.8.6 Bickmore (2003) reviewed past work in the UK and continental Europe. 

Anecdotal observations are collated to show that bats of several species 
have been observed to fly through tunnels as small as 1.5 m X 2 m 
section and in rare instances as small as 1 m X 1 m. It is not known how 
common this behaviour is. 

 
3.8.7 European studies 

 
A large number of publications discuss the use of green bridges and 
tunnels as mitigation features, but very few provide any data to support 
their use or measure the potential effects of roads on bats: I will discuss 
only those that do. There appear to be no published case studies that 
have investigated bat activity from the inception of a road scheme 
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through to completion or beyond, nor any documenting long- or short-
term monitoring. 

 
Bach et al. 2004. Bat activity was monitored in a large number of 
tunnels and bridges in Germany. The tunnels were built for the use of 
forestry and agricultural vehicles. Three tunnels were studied in Würzberg 
and eight in Hessen (4-4.5 m X 4 m X 31-45 m long). Due to 
inconsistencies and omissions in the text and figures, protocols are 
unclear, but the maximum number of bats (of all species) flying through a 
tunnel was approximately 16/night. Nine other tunnels, as small as 1.5 m 
X 2 m, were investigated briefly and all appeared to be used by bats, 
although the criteria defining use are unclear. Based on a sample of five 
bridges, it was concluded that very small numbers of bats used them, 
relative to those using tunnels. No information is given about the age or 
structure of the tunnels and their connection with the landscape, nor 
details of local bat populations. The study can conclude no more than that 
bats will fly through tunnels. How long bats take to adapt to such 
structures, what proportion of bats use them and the effects of road 
construction on local bats remain unknown. More species used tunnels 
than bridges, but data are too sparse to draw firm conclusions about 
inter-specific differences. 
 
Anecdotal evidence from past studies is cited, stating that bats will make 
use of tunnels rather than take a more direct line across a motorway. 
Most of the examples relate to Myotis dacsymene and M. daubentonii, 
which habitually fly low over waterways, along which they feed, but other 
species are reported to use tunnels. 
 
It is stated that tunnels “can minimise the fragmentation effect of large 
roads such as motorways, when they are situated at the right places.” 
There is no discussion anywhere in the paper of the concept of the “right 
place” and the use of a tunnel by an unknown proportion of local bats an 
unspecified time after construction does not allow firm conclusions to be 
drawn about their benefits in a fragmented landscape. 
 
Bach and Müller-Steiss 2005. An average of 5.9 bat contacts/hour 
(~three survey nights) was recorded over eight green bridges in 
Germany. The bridges were not specifically designed for bats and varied 
considerably in dimensions and cover. 10 species were recorded in all. 
Bridges varied in width from 9 to 64 m. Although the data presented did 
not allow me to carry out a statistical analysis, activity was typically 
greater over the wider bridges. However, this is difficult to interpret given 
the low sample size and the absence of data about adjacent habitat, bat 
populations, the disposition of recorders on the bridges and whether or 
not the bats were commuting or foraging. More activity was recorded on 
green bridges (mean 3.9 contacts/hour: it is not clear why this figure 
differs from the 5.9 stated in the first sentence) than on road bridges 
(mean 1.4 contacts/hour). Three underpasses studied also had relatively 
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high activity (mean 6.9 contacts/hour). However, the data are subject to 
several uncertainties and are too few to allow meaningful statistical 
analysis. As in the previous study, activity in the surrounding habitat is 
unknown, as are the ages of the structures. However, as with the 
previous study, it shows that bats will use green bridges and suggests 
that tunnels may be more effective. 
 
NACHTaktiv and SWILD 2006. This is a study based around a lesser 
horseshoe bat roost in Ottendorf Castle, Germany, 300 m from a 
proposed road development. The study was based on monitoring activity 
across three sections of the proposed road (260m in length, 130 m wide) 
for 19 nights over the season. At the same time continuous automated 
monitoring of bats leaving and entering the roost was carried out, using a 
directional light barrier. From this they calculated there would be 1400 
crossings of the proposed road section per annum, 4.3% of the total flight 
activity of the colony. 67% of the crossings would occur in the collision 
zone (based on monitoring with thermal imaging cameras). The colony 
numbered an average of 96 adult bats and population dynamics modelling 
indicated that an additional mortality of 5 bats p.a. could lead to 
extinction of the colony. This equates to one mortality for every 300 
flights over the proposed road.  
 
Anti-collision fencing had been proposed as suitable mitigation. Based on 
the authors’ interpretation of the studies in Wales described above, it is 
stated that “it is, however, doubtful that this anti-collision fencing 
envisaged for both sides of the proposed road line would provide 
adequate protection.” 
 
They go on to review the same schemes I have reviewed above and 
conclude that none of the mitigation measures have yet been shown to be 
satisfactorily effective, although underpasses are promising. They note 
that lights were effective in redirecting bats but suggest they should be 
used only in exceptional circumstances due to unknown side-effects. 
 
Furhmann and Kiefer 1996. This paper describes the use of netting to 
simulate an underpass and a bridge over the line of a planned road, 
within 20 m of a roost of greater mouse-eared bats, Myotis myotis, in an 
old railway station building. The bats were initially presented with an 8 m 
wide by 5 m high gap in a wall. The percentage of bats using the gap 
increased from 3% to 48% between 4 April and 27 July (5 study nights, 
max 431 bats). The top and then the bottom half of this gap were then 
closed, to simulate entry to an underpass and an over the road bridge 
respectively. ~65% used the 8 m wide underpass configuration, ~85% a 
16 m wide bridge configuration. No data are provided for other 
configurations that appear to have been studied. Recommendations were 
the lowering of the road by 2 m, construction of a bridge at least 1.5 m 
wide (this probably means high and no information is given in support of 
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this dimension) with sound-proofing walls 50-100 m either side of the 
building and a 60 kph speed restriction. 
 
Lambrechts et al. 2006. Monitoring over two nights recorded small 
numbers of three species of bat over a green bridge in the Netherlands 
(linking two areas of deciduous woodland) approximately one year after 
construction. 
 
Bontadina et al. 2005. In this study, artificial hedges (shrubs in pots or 
camouflage netting) were used in an attempt to guide lesser horseshoe 
bats emerging from their roost along a new 200 m route into forest. Over 
a six week period the proportion of bats using the line of the new ‘hedge’ 
increased from 2.8/5.7% in the absence of the hedge to a maximum of 
11.8±2% (mean ± standard deviation, maximum on a given night = 
20%). This small increase was statistically significant. 

 
3.9 The scientific case for the effectiveness of current mitigation 

practices 
 

I was asked to answer the following general questions using the evidence 
available. 
 
Q. Does the literature show that mitigation 'works' - i.e. has it been 
demonstrated to prevent an adverse impact on the favourable conservation 
status of the species of concern or enhance connectivity between habitats? 

 
A. There is no evidence to show that mitigation prevents the potential 
adverse impacts of road development on bats. This is due to inadequate 
research and in particular to an absence of studies designed in such a way 
that they could answer this question. Conversely, there is as yet no concrete 
evidence linking road developments with a decline in a local bat population. 
However, data on the persistent use of dangerous flightlines across roads 
and studies of road kills show that new, faster roads will have a negative 
impact on bats.  
 
Evidence to show that mitigation enhances connectivity between habitats is 
almost non-existent. The single new structure to be clearly adopted as a safe 
flightline by significant numbers of bats is the Bethesda Bach Bridge on the 
A487 in north Wales. This is a broad, high structure (much bigger than most 
structures designed for bats) taking a track a minor road and a stream under 
the new road. It was not intended for use by bats and was not adopted until 
several years after the new road was opened. Furthermore, a significant 
proportion of the bats continued to cross the road in the vicinity of the 
bridge. The bats appeared to have been fortuitously diverted to the bridge by 
lights erected to prevent them crossing at another location. It is worth noting 
here that lights do appear to be effective in diverting bats away from roads, 
although more systematic research is needed to confirm this. Fencing, 
however high, does not appear to be effective. 

28 | A l t r i n g h a m :  B a t  E c o l o g y  a n d  M i t i g a t i o n  
 



 
Q. Can levels of impact before and after mitigation be predicted with any 
precision or scientific confidence, in principle, and in this particular case? 
What do predicted post-mitigation impacts of 'slight' or 'moderate' mean in 
practice for the conservation of bats in this case? 
 
A. Until more structured and well-planned research is done, we lack the basic 
knowledge needed for making accurate predictions about levels of impact. In 
principle, and after appropriate research, prediction accuracy of some value 
is achievable. At present I believe prediction is little more than guesswork 
and terms such as slight and moderate have little meaning. For example, is 
the loss of say 5% of a bat colony to road deaths slight or moderate? 
Without an understanding of the long term consequences of elevated 
mortality on population dynamics it is not possible to say. As yet, no study 
has taken the first step of estimating before or after mortality, let alone look 
at population dynamics. Most other measures of impact are even more 
difficult to interpret. If we wish mitigation to be founded on objective 
evidence then better research is essential. We should be using measureable 
effects of past schemes, to predict the consequences of future schemes. 
Whilst accepting the constraints of time and money, there are useful steps 
that can be taken that would facilitate more objective appraisal. These need 
not necessarily increase costs or delay work if carefully planned. 
 

• Monitoring before, during and for some time after construction at a 
frequency/intensity sufficient to detect trends in often inherently 
‘noisy’ ecological data. No study has yet achieved this satisfactorily. 

• Systematic and standardised measurement (in terms of effort, 
location, protocols and equipment) of bat activity in key habitats 
and/or across an unbiased grid, before, during and after construction, 
on both sides of the development. 

• Systematic and standardised measurement of bat activity on flightlines 
severed by the road and on their associated mitigation features. Again, 
before, during and after construction. 

• Systematic and standardised measurement of bat activity on safe and 
unsafe routes at mitigation features. 

• Systematic road kill searches. Billington (2001-5) has shown that this 
can be done and that the data produced can be informative. 

• Quantitative and statistical analysis of the data generated rather than 
descriptive and/or anecdotal presentation with subjective 
interpretation. 

• Collaboration between consultancies and practicing scientists to 
develop the most effective monitoring protocols and analysis methods. 

• Systematic long-term monitoring of large and/or vulnerable bat roosts 
in the vicinity of the scheme. 

• Monitoring of agreed mitigation measures. In past studies there are 
examples of uncompleted work, unscheduled changes in design and 
unrepaired vandalism that make data interpretation difficult. 
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The results will always be subject to different interpretations and ambiguities, 
but analysis will at least be more objective, quantitative and based on known 
assumptions. 
  
The current, largely implicit, criterion for the success of a mitigation feature 
is that it is used by bats. This is far too simplistic. At the very least, it must 
be demonstrated that the majority of bats are still using old flightlines to 
reach traditional feeding and roosting sites and in crossing new roads do so 
by safe routes. If this is not the case then a more detailed study is required 
to see if altered behaviour may be increasing road kills or is related to the 
loss of traditional foraging and roosting sites that might compromise the 
viability of local populations. 
 
Will the proposed mitigation deliver as claimed? Can the proposed monitoring 
demonstrate this to be the case? 
 
I was asked to address the following questions specific to the Westbury 
Bypass. I will first make a general comment about the most recent mitigation 
plans I have seen (November 2007 – April 2008). I believe them to have 
been drawn up with considerable thought and attention to detail, due in large 
measure (I understand) to the experience and effort of G. Billington. Given 
our current, very poor level of understanding, I can see little room for 
changes that would lead to an assured improvement in effectiveness.  
 
Q. Are the mitigation methods proposed at Westbury appropriate to the 
species most vulnerable to disturbance by habitat severance and other 
adverse impacts of roads and traffic? In particular are they appropriate to the 
rarest and most endangered (Annex II species) recorded in habitats that 
would be crossed by the proposed bypass? 
 
A. Mitigation measures in this scheme are primarily concerned with guiding 
bats safely over or under the new road. Additional planting is part of this aim 
and is therefore limited, although small areas of new woodland will be 
created around some of the new crossing points. All four of the Annex II 
species have been seen to use underpass structures. There is little evidence 
to suggest that any other species, with the exception of the larger noctule 
and serotine, are any less (or more) likely to use underpasses. It is probably 
safe to assume that the higher and wider the structure the more likely it will 
be used and the proposed underpasses are probably large enough to 
accommodate all but the two large species named. The sparse data available 
suggest that only a small proportion of bats may adapt quickly to the 
underpasses and long-term, extensive use is by no means certain. In the 
absence of adequate data, a similar, conservative summary could be applied 
to the green bridge. The likelihood that a significant proportion (if any) of the 
Annex II species will use the bat gantries is probably small. Use by a 
significant proportion of other species is also uncertain: past studies suggest 
that a high proportion of bats will fly dangerously close to a road, ignoring 
gantries. 
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Q. Would construction work planned for the site, including clearance of 
vegetation and trees, cause unacceptable disturbance? Does the Construction 
Environment Management Plan provide adequate protection and mitigation of 
impacts during construction? 
 
A. The principle of keeping lighting to a minimum is sound, but more details 
would be useful, such as the light levels necessary for safe work and how 
much work is expected to be done that necessitates lighting at times when 
bats are flying. Much rests on the application of the term minimal lighting. 
Tree, hedge and woodland clearance would be carried out September to 
April. This avoids the peak activity period, but bats will still be very active in 
April and September, so some disturbance is inevitable. Temporary 
navigation features will be erected every night to minimise this disturbance 
and may be effective if the work is carried out diligently, using the specified 
materials, and if they faithfully restore old flightlines. Advance planting is to 
be carried out at key locations. Again, this is a sound proposal but the 
effectiveness will depend on timing and the size and extent of planting. 
  
Q. Does the 5-year post-construction monitoring plan make adequate and 
appropriate provision for survey work, enabling adverse effects to be 
detected and corrected in time to prevent population decline? Is the budget 
adequate for the work required? What measures are proposed in the event of 
adverse effects on bat populations being detected? 
 
A. The monitoring plan is brief, vague and lacks critical detail. Clear 
objectives and methodology that will demonstrably deliver results that can be 
tested statistically are needed. Given the generally poor design of monitoring 
programmes in past studies, which have made results difficult or impossible 
to interpret, it is imperative that this is addressed. If the Westbury Bypass 
scheme is to go ahead it should strive to be a much needed exemplary study 
of bat mitigation practice, setting standards for the future. 
 
During construction monitoring is described in a single paragraph. 
“Monitoring during construction would involve surveyors assessing the 
success rate of temporary fencing set up to maintain flight routes (see 
above). This would involve bi-monthly static surveys between April and 
August at each of the temporary flight routes by experienced bat ecologists 
using appropriate bat detectors. In the unlikely event that the temporary 
fencing is found to be unsuccessful, Natural England and relevant sections of 
WCC would be consulted with regards to applying other methods to maintain 
the flight paths.” 
 
To have any confidence in this monitoring much more detail is required. The 
“experienced bat ecologists with appropriate bat detectors” need to carry out 
well-designed and consistent work that has clearly defined and achievable 
goals. There is no mention of pre-construction monitoring, so how will 
success be monitored in the absence of control data? Past surveys have not 
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been systematic and have not therefore generated suitable baseline data. 
Does the term bi-monthly mean only three surveys, in April, June and 
August? This is insufficient to reveal a true picture of how the bats respond. 
It is also not frequent enough to detect problems quickly and implement 
essential remedial action. How many survey nights will there be on each 
occasion? Replicate surveys are needed if reliable data are to be generated. 
How many surveyors will there be at each site, how will they be disposed and 
what will they measure? How specifically will they measure “success”? Where 
does the confidence come from to suggest that failure of the temporary 
fencing is unlikely? In the only quantitative experiments conducted on 
temporary fencing, Bontadina et al. (2005) showed that only 12% of bats 
were using it after six weeks. What other methods will (or indeed could) be 
applied to maintain flight paths if the proposed methods fail? Are those 
proposed not the best available? How quickly can/will such methods be 
implemented to limit adverse effects? 
 
A five-year monitoring plan is proposed. This is equally vague, and raises 
many of the same questions, including the fundamental question of how 
“success” will be measured. How will a single surveyor at a crossing 
“measure the inter-relationship of bats and the new road, and the success of 
the crossings”? What does “measure the inter-relationships” mean? 
 
“….success rates for mitigation do vary, and as such, if the mitigation is 
found not to be working and there is a significant impact relating to bats, 
then there should be provision for enabling emergency mitigation measures 
to be employed.” How will impact be assessed? Again, what options are there 
for emergency mitigation measures? 
 
Budget. No budget has been set. 

 
4.  Summary 

 
The proposed mitigation measures are perhaps the best that can be sensibly 
employed given the current state of knowledge. However, that knowledge is 
very poor. Confidence in their success is based more on a desire for success 
than on objective appraisal of the available evidence. Monitoring plans are 
wholly inadequate. There is insufficient detail to assess their effectiveness. 

 
5. Thoughts and suggestions on future practice 

 
Although my brief was to discuss bats and the following was written with 
specific reference to bats, much of it can be applied to wildlife conservation 
and mitigation studies in general. 
 
If mitigation is to be effective and cost-effective it must be subject to 
thorough testing and refinement. Some innovative and potentially useful 
methodologies are being developed. However, monitoring has rarely been 
adequate in either quality or quantity and we still have a very poor 

32 | A l t r i n g h a m :  B a t  E c o l o g y  a n d  M i t i g a t i o n  
 



understanding of how effective mitigation is. It is imperative that sufficient 
resources are made available for monitoring and that a more rigorous and 
quantitative approach is taken. I am far from alone in holding this view and 
will cite a number of important supporters in expanding on this subject 
below.  
 
The lag (extinction debt) that will invariably occur between environmental 
degradation and the appearance of its ecological consequences (see section 
3.1) assures that short-term monitoring will be wholly inadequate if the aim 
is to assess the consequences of road schemes and mitigation measures to 
bat populations. Yet it is at the population level that legislation works – it 
aims to maintain viable populations. It will in fact be difficult indeed to assess 
the effects of roads at the population level even with long-term monitoring. It 
is therefore all the more important to carry out meaningful monitoring at the 
individual level, as the second best option, if resources are limited. 
 
However, in addition to the ‘individual level’ monitoring typically carried out 
by environmental consultants in relation to specific road schemes, there is a 
pressing need for strategic, rigorous research that addresses questions at 
both the population and individual level to inform conservation/mitigation 
policy and practice. This need is now recognised by scientists and 
governments in many parts of the world.  
 
Forman and 13 other scientists and transportation professionals, (Forman et 
al. 2003) wrote the 481 page Road ecology: science and solutions, 
sponsored by the US Federal Highway Administration, California Department 
of Transportation and The Nature Conservancy. In their chapter on 
mitigation, they highlight the subjective nature of current practice, the 
“urgent need for rigorous evaluations” (p 141), the fact that “few rigorous 
studies have been carried out to date” (p 157) and the inadequacy of 
experimental design in many studies (pp 157-161). They also suggest ways 
in which mitigation science can be improved (pp 161-165). 
 
A workshop in Germany led to a paper by several European and North 
American scientists (Roedenbeck et al. 2007) which draws similar 
conclusions. The key problem they focus on is poor experimental design, 
stressing the need for improvement and particularly for rigorous before 
versus after and control versus impact designs. 
 
Van der Ree et al. (2007) were contracted by the Department of the 
Environment and Water Resources of Australia to review mitigation measures 
used to deal with the issue of habitat fragmentation. They pointed to similar 
problems in the literature reviewed to those already discussed: e.g. poorly 
defined, designed and described methodology and reporting, and inadequate 
replication. They stress that “mitigation works and evaluation must have a 
clearly defined and measureable goal” and also point to the cost-
effectiveness of getting things right the first time, reducing the need for 
expensive re-survey and costly retro-fitting of mitigation features. 
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The need for improved standards has long been recognised in the UK. Byron 
et al. (2000) reviewed 40 Environmental Impact Statements published 
between 1993 and 1997. They concluded: “New approaches to ecological 
assessment will need to be found if biodiversity impacts are to be addressed 
with any confidence at a more strategic level. To date, EISs for proposed 
road developments in the UK have failed to address biodiversity issues 
explicitly or adequately”. This follows similar reviews they published in 1993 
and 1997 in which similar failings were reported. The situation had improved, 
but was still far from satisfactory. They go on to say: “Many of the 
shortcoming which this review identified arise from the lack of time and 
resources generally allocated to the ecological assessment within the EIA 
process and because of failure to consult ecologists early in the design and 
planning of road developments. This results in the provision of ecological 
information which is of limited predictive value, or of limited relevance.” 
Whilst consultation is now frequently earlier, issues surrounding the 
resourcing and design of survey and monitoring have not been resolved. 
 
Even with appropriate time and resources, many consultants may still lack 
the expertise to design the effective survey and monitoring protocols 
required to assess the success or failure of mitigation features. Despite the 
problems highlighted by Byron et al. (2000) and the guidelines on good 
scientific practice suggested by Forman et al. (2003), recent work is seriously 
flawed. The suggestions of Forman et al. (2003), Roedenbeck et al. (2007) 
and van der Ree at al. (2007) need to be adopted and developers, 
consultants and research ecologists need to work together to make 
mitigation a science rather than an expensive and contentious art. 
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