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Roads have a multitude of negative effects on wildlife, including their prominent role in habitat fragmentation.
Habitat fragmentation particularly affects bats during their nightly movements between roosts and foraging
areas. Bat overpasses are among the proposed improvements intended to reduce the fragmentation impact of
roads, but they have rarely been tested. In this study, we performed a Before-After Control-Impact analysis
(BACI) to assess the efficiency of one bat overpass on the number of bat crossings, by using an acoustic flight
path reconstruction (AFPR) approach. We obtained 888 bat crossings of five taxa. Our results showed that the

number of bat crossings increased significantly after the installation of the bat overpass. Finally, we demon-
strated that an overpass correctly placed with respect to a narrow commuting route (a twenty-meter-wide
hedgerow) could efficiently restore bat habitat connectivity.

1. Introduction

Transport has been identified as one of the ten main pressures on
biodiversity (Maxwell et al., 2016) because it contributes to habitat
destruction, causes habitat degradation and fragmentation, barrier ef-
fects, light and noise disturbance, chemical pollution and direct mor-
tality by collision with vehicles (Forman and Alexander, 1998;
Trombulak and Frissell, 2000). These dramatic changes in landscape
configurations have consequences on the overall functionality of eco-
systems, from individual behaviour all the way up to population dy-
namics (Krauss et al., 2010; Quinn and Harrison, 1988; Saunders et al.,
1991). Indeed, the cumulative ecological effect of the road system on
biodiversity at landscape scale (i.e., the road effect-zone) can extend
100-800 m depending the type of road, the traffic volume and the ha-
bitat crossed by roads (Forman, 2000; Forman and Deblinger, 2000).

Until recently few studies were focused on the impact of roads on
bats (see review by Fensome and Mathews, 2016) while, according to
their life cycle (i.e., low fecundity, late maturation), population growth
rate heavily depends on adult survival. Thus road mortality can impact
their local abundance and as a consequence increase their local

extinction risk (Medinas et al., 2013). Recent studies have highlighted
that roads have a negative impact on the movement and activity of
insectivorous bats (Abbott et al., 2015; Berthinussen and Altringham,
2012a; Kitzes and Merenlender, 2014; Zurcher et al., 2010). Indeed,
connectivity in the landscape is a key element for bats because it fosters
nightly movements between roost and foraging areas (Frey-Ehrenbold
et al.,, 2013). Hale et al. (2012) demonstrated that bat activity in a
habitat patch (e.g., ponds) increased with the degree of connectivity of
the surrounding landscape. Moreover, Pinaud et al. (2018) established
that bat movements are significantly affected by gap width: the prob-
ability of crossing decreases from 80% for gaps smaller than 10 m to
less than 50% for gaps larger than 38 m (i.e., similar to a gap caused by
major roads).

In addition to its existing size, the roadway network has experienced
a worldwide length increase: 12 million additional lane-km since 2000,
and expectations are that there will be further growth of nearly 25
million paved lane-km by 2050 (Dulac, 2013). Hence, there is an urgent
need for timely action to facilitate the safe movement of animals across
landscapes fragmented by roads or other forms of linear infrastructure,
such as the creation of fauna crossing structures to increase landscape
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connectivity and reduce mortality (Smith et al., 2015). While there is no
legislation that regulate their installation, the number of wildlife
crossings have greatly increased in the last 40 years in France: the
French motorway network has an average of one fauna crossing
structure every 8 km (Carsignol, 2006). Initially intended for wildlife
game species, they now respond to a broader demand for biodiversity
conservation and particularly protected species such as bats (Council
Directive 92/43/EEC of 21 May 1992) which had received relatively
little attention.

In order to reduce road impacts and restore habitat connectivity for
bats, a range of mitigation measures have been proposed, including bat
overpasses (Mgller et al., 2016). Bat overpasses are supposed to func-
tion as linear features (e.g., hedgerows) that attract and guide bats
across the roads above traffic and are thus recommended in the miti-
gation hierarchy. However, while more bat overpasses are likely to be
setup across Europe, Myller et al. (2016) highlighted that the current
recommendation targets for policy makers and road managers are in-
adequately implemented or have never had their efficacy been proven.
These authors stressed the need for soundly designed research on bat
overpasses involving Before-After Control-Impact (BACI) approaches
and including behavioural studies to evaluate the efficiency of these
overpasses for bats.

Thus, the aim of our study was to evaluate whether bat overpasses,
as a recommended mitigation measure, contribute to the restoration of
connectivity among habitats severed by roads, using a BACI analysis.
We assessed the number of bat crossings where an overpass was in-
stalled, using an acoustic flight path reconstruction (AFPR) approach.
This overpass bisects a hedgerow in an agricultural landscape in
Western France. The experiment was operated from April to September
2016 before the bat overpass was added and from May 2017 to May
2018 after its establishment.

2. Methods
2.1. Study site

The study was carried out in France which experienced a road in-
crease of 12% between 1995 and 2015 (MEEM, 2017), and is expected
to see an increase of 0.06% in primary roads by 2030 (i.e., 673 km)
(DGITM, 2011).

We studied one bat overpass located in a rural area (intensive
farming) near Niort (46°24'W, 0°35’W) on the A83 highway (tarmac; 4
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lanes with an emergency lane on each side; speed limit: 130 km/h;
annual average daily traffic: 16 218 vehicles in 2015) (Fig. 1). This
highway became operational in 2001 and the bat overpass was per-
manently installed in May 2017.

2.2. Placement and features of bat overpass

The choice of location for the bat overpass followed on from the
conclusions of a field study conducted by a consulting firm, Naturalia
Environnement, in October 2015. They identified a bat commuting
route in an agricultural landscape bisected by a highway. This com-
muting route is a large hedgerow (a disused railway, closed in 1971,
and completely reforested, 20 m wide) that connects two main rivers
(Fig. 1).

The bat overpass consists of a traditional gantry for road signs but in
this particular case without signs (length: 31,5 m, height: 6 m) (Fig. 1).
Instead of road sign, a diamond mesh metal grate was installed on the
gantry in order to reflect bat echolocation signals more efficiently
(grate height: 1,5 m; diamond mesh: 4,13 x 1,3 cm) (Fig. 1). In addi-
tion, ten deciduous trees (height: 4 m; trunk circumference measured at
1 m: 10-12 cm) were planted on both sides of the highway in order to
guide bats from the hedgerow to the bat overpass.

2.3. Sampling design

For the sampling, we designed a BACI analysis, a sound and effec-
tive approach to assess the impact of the installation of the bat over-
pass. In order to quantify the number of bat crossings, we placed two
automatic acoustic recorders: SM2Bat+ (Wildlife Acoustics Inc.,
Concord, MA, USA), one on each side of the overpass location (i.e.,
treatment) and in a control site. The control and experimental sites
were located as close as possible to each other. As there are no other
hedges severed by the highway in the same context in a radius of 5 km,
we have positioned the control at 215 m from treatment at the level of
the hedge parallel to the road (Fig. 1). Accounting for the species ex-
isting in the study area and their respective distance of detection
(Barataud, 2015), the distance between the treatment and the control
site is sufficient for avoiding the simultaneous recording of the same bat
crossing event. This control also takes into account annual and seasonal
variations in bat crossings.

Acoustic recorders recorded two independent tracks with 2 micro-
phones spaced 2,1-3,5 m apart plugged into the same recorder. One
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Fig. 1.. A. Location of study site. B. Sampling plan: acoustic recorders (yellow squares) and bat overpass (solid blue line). C. Picture of the gantry. D. Picture of the
study site before. E. Technical drawing of the gantry (Source: Institut national de l'information géographique et forestiére, Koox-production/Vinci-autoroutes).
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(P = 0.001, Table 1). These significant interaction effects indicated a
positive effect as a result of the bat overpass on bat crossings for the
whole set of bats analysed together (2 = 15.264, df = 2, P < 0.001)
(Table 1). For the following species or group: P. pipistrellus, P. kuhlii/
nathusii and B. barbastellus, results showed a similar effect (Table 1).

Regarding taxa for which the establishment of the overpass had a
significant positive effect on bat crossings, there was a difference of at
least 24.5 points in AIC between the model and the null model
(Table 1).

4. Discussion

To our knowledge, our experiment is the only one based on a BACI
design concerning bat overpasses as a mitigation measure. This robust
and powerful approach demonstrated that bat crossings increased sig-
nificantly after the installation of the bat overpass and thus, that the
overpass likely contributed to the restoration of habitat connectivity.

In the case of operational highways, the installation of a bat over-
pass on a bat commuting route bisected by the road, two studies found
this mitigation measure is an insufficient solution (Berthinussen and
Altringham, 2012b; Claireau et al., 2019) whereas in our case, we found
that this mitigation measure can increase bat habitat connectivity. One
major difference that could explain differences in results between our
study and previous ones is the sampling design. Previous studies did not
provide a measure of bat crossings before the installation of bat over-
passes and thus, did not per se investigate if these structures can restore
or not the habitat connectivity. A non-exclusive alternative hypothesis
is the importance of the placement of bat overpasses (i.e., in our study
the bat overpass was placed with respect to a narrow commuting route).
The importance of the position of the overpass in relation to commuting
routes has already been highlighted (Claireau et al., 2019), but it still
remains a challenge to develop a methodology for identifying the best
location to construct overpasses. Although methods focusing on land-
scape connectivity appear as a very promising approach (Mimet et al.,
2016), with the current knowledge, we advocate for the construction a
bat overpass on the bat commuting route identified during the En-
vironmental Impact Assessment studies (EIAs), underlying the crucial
importance of the accuracy of these EIAs.

However, there is an urgent need to confirm our results through
replications of such design with different overpass structures and
landscapes. Furthermore, even if we have shown that bat overpasses
can aid in the restoration of habitat connectivity in our landscape
context (i.e., agricultural landscape dominated by intensive farming),
we would still need to assess whether or not the bats fly at a safe height
to know if the bat overpasses are actually efficient. To answer this issue,
it will be necessary to specifically study bats flight height, using flight
path reconstruction and the same framework (i.e., a before/after study).

5. Conclusions

Pending confirmation of similar findings in further studies that bat
overpasses restore commuting routes, overpasses constitute a possible
mitigation for restoring habitat connectivity where hedgerows are bi-
sected by large roads. Nevertheless, we highly recommend replicating
this BACI study design in other study sites to confirm our findings.
Finally, for future road-construction, we advocate to investigate a
Before-During-After Control-Impact (BDACI) design such as re-
commended in Roedenbeck et al. (2007). Ideally, the efficiency of the
restoration of connectivity should be evaluated against the level of
connectivity prior to the construction of the road.
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