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Impact of a road on the movements
of two ground beetle species (Coleoptera: Carabidae)

Jinze Noordijk, Debbie Prins, Marianne de Jonge & Rikjan Vermeulen

1. Introduction

Noordijk, J., Prins, D., de Jonge, M. & Vermeulen, R. 2006: Impact of a road on
the movements of two ground beetle species (Coleoptera: Carabidac). — Ento-
mol. Fennica 17: 276-283.

We studied the effects of a road on the walking directions of the carabid species
Poecilus versicolor and Agonum sexpunctatum. Using mark and recapture exper-
iments and window traps we determined the number of road crossings and the de-
viation in walking directions caused by the road. We found two effects of the road
on the walking behaviour: (1) the road is a barrier to both species, but whereas P,
versicolor was reluctant to cross the road and had a significant movement away
from the road, we recorded no road crossings by A. sexpunctatum; and (2) A. sex-
punctatum showed a marked tendency to walk along the roadside verge, particu-
larly in the ditch. Of these two species, only one individual of 4. sexpunctatum
was caught flying close to the road, indicating that it might cross the road by fly-
ing. Counts of dead carabid specimens on two 100 m long transects along the road
carried out for nine weeks recorded several individuals of P. versicolor. We con-
clude with suggestions on how to implement the results of this study in nature
conservation practices.
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1990, Dyer et al. 2002, Koivula & Vermeulen
2005). Those species isolated in areas cut off by

Roads have several negative ecological effects,
such as habitat destruction and disturbance and
pollution of the environment (Forman & Alexan-
der 1998). Besides, roads also have a barrier ef-
fect: for many animals they are difficult or even
impossible to cross, and many individuals end up
as road kills. Various species, from snails to cari-
bous, have been reported as having difficulty in
crossing roads (Baur & Baur 1990, Mader ef al.

roads may suffer a loss of genetic variability
within the populations (Reh & Seitz 1990, Keller
& Largiadér 2003), which might increase the
probability of local extinctions (Pulliam & Dun-
ning 1997).

In 2005 we studied carabid movement pat-
terns next to a provincial road running straight
through the centre of the Mantingerveld nature
restoration area, in the north of the Netherlands
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Fig. 1. Location and de-
velopment of the
Mantingerveld nature
restoration area, illus-
trated by maps of the
area. The provincial road
studied runs through the
middle of this area. White
areas are arable fields,
grey areas are
heathlands (and in 1d
are also former arable
fields), and black areas
are forests. — a. Location
of the Mantingerveld in
the north of the Nether-
lands (black square).

— b. Situation in 1954.

— c. Situation in 1990.
—d. Situation in 2004.
The location of the road
enclosure is indicated by
a circle with a cross.

(Fig. 1a). In this area, the conversion of more than
2,000 ha of heathland into arable land started in
1954 (Fig. 1b). By 1959, only 325 ha of heathland
remained, scattered throughout the area in five
fragments. This situation persisted until the late
1990s (Fig. 1c¢). In the Netherlands, habitat frag-
mentation and destruction began to attract public
concern in the 1970s and 1980s, resulting in the
planning of the restoration, enlargement, and
reconnection of the remaining heathlands. In or-
der to connect the five remnants of heathland in
the Mantingerveld, the Dutch nature manage-
ment organisation ‘Natuurmonumenten’ is restor-
ing the intervening arable fields into heathland
and species-rich grassland by removing topsoil
and introducing heather propagules (Aerts et al.
1995). This strategy has led to a more or less co-
herent and interconnected nature reserve with a
total area of 1050 ha (Fig. 1d). However, the road
still divides the Mantingerveld in two.

Previous research on the barrier effect of
roads on carabid species has focussed on forest
species (Mader 1984, Keller & Largiader 2003,

Koivula & Vermeulen 2005). Mader ez al. (1990)
found that even narrow field tracks already had
some barrier effect on a mix of open area carabid
species, but they did not discuss species-specific
results. In this paper we examine whether a road
between two areas with relatively xeric and
thermic habitats is a barrier to two carabid species
that are abundant in the area. We measure
whether successful crossings do occur by walk-
ing or flying, and whether carabid beetles are
killed by traffic. We discuss whether the road af-
fects the direction of movement of the two carabi-
d species, as if this is the case, this may hinder the
free exchange of individuals or even species be-
tween the areas on either side of the road.

2. Material and methods
2.1. Location and study species

The N317 (known locally as the Hoogeveense-
weg) is a provincial road with an asphalted sur-
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face 6.5 m wide, constructed around 1968 and
connecting the village of Westerbork with the
town of Hoogeveen. The field site (52°46° N,
6°35” E) straddles a stretch of the road in the na-
ture restoration area that is bordered to the west
by the Hullenzand heath and to the east by a for-
mer arable field, the Groote Veld (Fig. 1d). On av-
erage, 2,400 cars use this road per day (data sup-
plied by Drenthe Province). On either side of the
road is a grassy verge. On the heathland side,
about 2 m from the road, the verge is separated
from the heathland by a dry ditch.

We used Poecilus versicolor (Sturm, 1824)
and Agonum sexpunctatum (Linnaeus, 1758) to
study carabid walking behaviour close to the
road. These species were selected because they
are common in the heathland area and the
oligotrophic former arable fields seem to provide
a suitable habitat for them (Verhagen & Ver-
meulen 2005).

Poecilus versicolor is a eurytopic species of
open areas (Turin ef al. 1991). Though it can be
found in various types of low vegetation on vari-
ous types of soil, in the Netherlands it prefers
sandy soils, and is most abundant in heathland
(Turin 2000). It is macropterous and capable of
flying, but only a small percentage of the popula-
tion has the opportunity to develop wing muscles
(Desender 1989). P. versicolor has been recorded
in the Groote Veld, but in very low densities com-
pared with the Hullenzand heathland (Verhagen
& Vermeulen 2005).

In the Netherlands, the second species,
Agonum sexpunctatum, is a characteristic species
of oligotrophic humid heathland areas (Turin et
al. 1991), although it can occur in other types of
habitat. The species is macropterous and capable
of flying, but a proportion of the population has
reduced wings (Desender 1989). 4. sexpuncta-
tum is common in the Hullenzand heath and was
recently discovered in the Groote Veld (Arnold
Spee, pers. comm.).

2.2. Experimental enclosures

Using hardboard fencing we made two circular
enclosures to test whether the presence of a road
altered the direction of movement of the two
carabid species (Fig. 2). One enclosure straddled
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Fig. 2. Schematic representation of the experimental
set-up in the field. Indicated are the locations of the
road and control enclosure, including all the pitfall
traps (black circles). Marked beetles were released at
the centre of each enclosure (black stars). The
transects for collecting traffic casualties were located
in the direction of the arrow. The window traps only in-
tercepted carabids flying from the heathland towards
the former arable field.

the road and the other, a control, was in the heath
about 30 m away from the road enclosure. The di-
ameter of the road enclosure was 19.4 m and that
of'the control enclosure 8.4 m. Carabids were col-
lected in the surrounding area and marked by
making small pits in the elytra with a tiny solder-
ing iron. The marked individuals were released in
the centre of the two enclosures. Dry pitfall traps
(diameter 10 cm, depth 9 cm) were placed about
two m apart on the inside of the fence, all at the
same distance from the release point. There were
13 traps in the control enclosure and 27 in the
road enclosure. In the road enclosure, 1,188 indi-
viduals of P, versicolor and 113 individuals of 4.
sexpunctatum were released. The corresponding
numbers for the control enclosure were 342 and
39 individuals. We recorded all individuals
trapped in the individual pitfall traps.

The pitfall traps in the circular enclosures
were clockwise given values between 0° and
360°, starting with 0° at north and proceeding
clockwise. In the road enclosure the pitfall traps
between 295° and 345° were excluded from sta-
tistical analysis, to compensate for the gaps in the
enclosure caused by the road. In this way an even
distribution of sampling points was created, al-
lowing the directional preferences of the carabid
beetles to be calculated. The directional prefer-
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Fig. 3. Recapture results
of the road and the con-
trol enclosure for both
carabid species. The tri-
angles indicate the direc-
tion of the pitfalls (at-
tached to the fence)
where the individuals
were caught. The length
of the triangles is propor-
tional to the number of re-
captures in that direction
and is not comparable
between the circles. —a.
Walking pattern of P. ver- Cc
sicolor in the road circle

(380 individuals). — b.

Walking pattern of A.
sexpunctatum in the road

circle (45 individuals). — c.
Walking pattern of P,

versicolor in the control

circle (164 individuals). —

d. Walking pattern of A.
sexpunctatum in the con-

trol circle (13 individuals).

a

ences in both enclosures, expressed as mean vec-
tor length and mean angle, were calculated ac-
cording to Batschelet (1981), using the number of
recaptures in the different traps. To study a possi-
ble bimodal directional preference, the data were
transformed by multiplying the angle of each re-
captured individual by two and then recalculating
the mean vector and angle.

The significance of mean angles was analysed
with a Rayleigh test for randomness (Batschelet
1981). Differences in distribution of walking
preferences between the road and the control en-
closure were analysed with chi-square tests, after
pooling the pitfall traps in both enclosures in three
parts (between 225-295°, 345-55° and 105—
175°).

2.3. Traffic casualties

During nine weeks (from 31 March to 3 June) we
collected and identified carabids killed by traffic.
The collection was done daily on weekdays, on
two transects of 100 m over the entire asphalted
surface of the road and extending one metre into
the verge on either side. It took approximately 30
minutes to finish one transect. One transect was
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close to the road enclosure, between the heath-
land and the former arable field. The second
transect was between some patches of woodland
and an arable field.

2.4. Window traps

On either side of the road we placed a window
trap close to the road to intercept carabids flying
from the heathland towards the former arable
field (Fig. 2). A plexiglass window (1 m x 1 m) in
a metal frame was positioned with its lower edge
about one metre above ground level. A 15 cm
wide gutter filled with a formalin solution was
placed under one side of the window to collect
carabids that flew into the window en route to the
former arable field. The window traps were emp-
tied weekly from 15 April to 26 May.

3. Results
3.1. Experimental enclosures

In the road enclosure the recapture rate for P
versicolor was 32% (380 individuals). Twenty-
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Table 1. Carabids found dead on the road and in a
small strip of both verges. The collection was done on
two transects of 100 m; transect 1 was located in be-
tween the heathland and the former arable field,
transect 2 was between some patches of woodland
and an arable field.
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Table 2. Carabid species caught using window traps
placed on either side of the road to capture beetles fly-
ing from the heathland towards the former arable field.
Window trap 1 was located at the heathland side of
the road and window trap 2 was located on the former
arable field side of the road.

Species Tran- Tran-

sect 1 sect 2
Amara nitida Sturm, 1825 1 -
Amara sp. 1 2
Calathus melanocephalus (Linnaeus,

1758) - 1
Carabus arvensis Herbst, 1784 3 -
Carabus nemoralis Muller, 1764 5 2
Carabus problematicus Herbst, 1786 - 2
Harpalus affinis (Schrank, 1781) - 1
Harpalus sp. 1 1
Poecilus versicolor (Sturm, 1824) 2 5
Pterostichus niger (Schaller, 1783) - 1

Pterostichus oblongopunctatus
(Fabricius, 1787)

[N
|

four of the 380 recaptured individuals had
crossed the road. This is far fewer than would be
expected if the beetle movements were random.
P, versicolor showed a significant movement per-
pendicular to the road, with the mean angle being
298° (r=123.0, df =331, p <0.001) (Fig. 3a).

In the road enclosure the recapture rate for
A. sexpunctatum was 39% (45 individuals). The
barrier effect of the road for 4. sexpunctatum was
even stronger: not a single individual had crossed
the road. However, no single preferred direction
was found for this species, apparently because the
data exhibited a very strong bimodal directional
preference alongside the road, particularly in the
ditch (Fig. 3b). A modified Rayleigh test con-
firmed this (» = 0.88, df =44, p <0.001).

In the control enclosure the recapture rates for
P, versicolor and A. sexpunctatum were respec-
tively 48% (164 individuals) and 33% (13 indi-
viduals). No directional preference was found for
P. versicolor in this enclosure (Fig. 3c¢). Though
A. sexpunctatum had a preference for the south-
west, with the mean angle being 217° (»=0.50, df
=14,p=0.027) (Fig. 3d). We attribute this finding
to the low number of recaptures.

Comparing the distribution of the walking di-
rections of P. versicolor and A. sexpunctatum in

Species Trap 1 Trap 2
Acupalpus brunnipes (Sturm, 1825) 7 -
Agonum meulleri (Herbst, 1784) 1 1
Agonum sexpunctatum (Linnaeus,

1758) 1 -
Amara aenea (Degeer, 1774) 16 9
Amara anthobia Villa & Villa, 1833 3 2
Amara famelica Zimmermann, 1832 15 13
Amara lunicollis Schigdte, 1837 31 13
Amara nitida Sturm, 1825 14 15
Amara plebeja (Gyllenhal, 1810) 1 -
Amara similata (Gyllenhal, 1810) 1 -
Anchomenus dorsale (Pontoppidan,

1763) 2 -
Ansiodactylus binotatus (Fabricius,

1787) 4 3
Calathus melanocephalus (Linnaeus,

1758) 21 34
Harpalus rufipalpis Sturm, 1818 11

16
Harpalus affinis (Schrank, 1781) 3 8
Pterostichus strenuus (Panzer, 1797) 1 1
Pterostichus vernalis (Panzer, 1796) 14 7
Stenolophus teutonus (Schranck, 1781) — 4

the road enclosure with those in the control enclo-
sure revealed a clear difference in direction of
movement for both species (3 = 50.7, df = 2, p
<0.001 for the former and ° = 14.1, df =2, p
<0.001 for the latter species).

3.2. Traffic casualties

We collected 29 dead individuals of eight carabid
species from the road (Table 1). These included
seven individuals of P. versicolor and three indi-
viduals of the stenotopic heathland species
Carabus arvensis Herbst, 1784.

3.3. Window traps

We collected 272 individuals of eighteen carabid
species from the window traps that intercepted
flights from the heathland towards the former ara-
ble field (Table 2). The catches included one indi-



ENTOMOL. FENNICA Vol. 17 « Impact of a road on carabid movements 281

vidual of 4. sexpunctatum, but it was in the win-
dow trap on the heathland side of the road. No
other heathland or driftsand species were trapped
in the window traps.

4. Discussion
4.1. Effects of the road

We found two effects of the road on the walking
behaviour of the two carabid species. Firstly, the
road prevents both species from moving freely
between the areas on both sides of the road: We
base this assertion on our finding that P. versi-
colorrarely crossed the road and had a significant
preference to move away from the road, and on
the lack of recorded instances of A. sexpunctatum
crossing the road. The stronger reaction of A.
sexpunctatum might be caused by the fact that it is
smaller than P, versicolor and is more restricted to
humid situations, so it will experience the asphalt
as an unsuitable environment. Similar barrier ef-
fects have been found for other carabids (Mader
1984, Koivula & Vermeulen 2005). Our experi-
ment confirms that roads are barriers in heathland
landscapes too. From this we infer that in the
Mantingerveld area — that is fragmented by the
road — there must be isolated populations of some
carabid species. The fragmented heathland also
reduces the likelihood of carabids colonizing the
former arable fields.

The second effect of the road we found was
the marked tendency of A. sexpunctatum to walk
alongside the road, particularly in the ditch. Indi-
viduals of P. versicolor also seemed to have a
preference for paralleling the road and walking in
the ditch. Mader et al. (1990) found similar reac-
tions of carabids to roads and arailway track. This
tendency to move parallel to transport routes
might lead carabids away from their habitat and it
might also increase the distance they have to
travel before reaching the next suitable site, with
the risk that their energy supply will be exhausted
before they reach that site (Mader et al. 1990).
Both carabid species we studied are rather com-
mon and not particularly vulnerable, so we expect
the road to be an even more prominent barrier to
more stenotopic animals, especially if they are
small and/or flightless.

We found three individuals of C. arvensis
killed by traffic. This stenotopic heathland spe-
cies is considered rare in the Netherlands (Turin
2000). Other road kills we found included mam-
mals, birds, amphibians and a reptile (data not
shown). These findings illustrate that traffic has a
direct impact on target species of heathland con-
servation, especially considering the discrepancy
between the number of animals killed by traffic
and the low number of individuals found during
surveys (Slater 2002). Our failure to trap specific
heathland and driftsand carabid species flying
close to the road (except for one individual of 4.
sexpunctatum) indicates the possibility that even
flying stenotopic species may experience roads as
barriers (Askling & Bergman 2003, Bhattacharya
et al. 2003, Laurance et al. 2004).

We conclude that although ‘Natuurmonu-
menten’ aims at developing the Mantingerveld
into one coherent nature reserve, the road pre-
vents carabids from moving freely and also puts
their populations under extra pressure by causing
deaths of individuals.

4.2. Suggestions for reducing
the barrier effect

The best way to undo the barrier effect of the pro-
vincial road is to relocate the road outside the na-
ture restoration area, but this is not a realistic op-
tion. A successful mitigation measure for the
heathland species might be a wildlife overpass.
Almost no literature exists on the use of wildlife
overpasses by carabid beetles, so the effective-
ness of these structures is largely unknown. Only
Rietze (2002) has shown that several carabid spe-
cies use wildlife overpasses to cross the road
when the vegetation of the source area is similar
to the vegetation on the overpass and habitat cor-
ridors towards the overpass are provided (see also
Luell et al. 2003). However, species of moist and
wet habitats are unlikely to use such structures
(Rietze 2002).

Abroad overpass would function better than a
narrow one and it would be best for the road to go
through a tunnel, so that the overpass would be at
the same level as the surrounding landscape. If
the overpass is covered with the preferred vegeta-
tion of the target species of the Mantingerveld, a
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heathland mosaic, stenotopic species might be
able to cross the road, and large or eurytopic ani-
mals could cross the road without being killed.

4.3. Dealing with the bimodal
walking behaviour

Our finding that carabid beetles prefer walking
alongside the road and in the ditch, suggests that
roads and their associated infrastructure can lead
them away from their habitat. This might be ame-
liorated by constructing attractive roadside
verges. The verges and ditches in a certain area or
habitat type should also end up in the same type of
area or habitat. Roadside verges should be inte-
grated into the nature reserves and should not lead
species away to unsuitable habitats. On the other
hand, roadside verges can themselves provide a
habitat for certain target species (e.g., Vermeulen
1993, Eversham & Telfer 1994).

The tendency of the carabids to walk along-
side the road suggests that verges could not only
be exploited to lead carabids towards a wildlife
overpass, but also from one area to another. This
corridor function could be strengthened if the
verges consist of the typical vegetation of the two
areas to be connected, are not too long, and are
also an attractive environment for carabid repro-
duction (Getz et al. 1978, Vermeulen 1993). In
this way, the usually unavoidable presence of
roads and the accompanying verges might be ex-
ploited to provide helpful connections between
scattered nature reserves.
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