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Abstract

In a nature restoration area we studied the influence of a road on movements of the carabid species Poecilus versicolor and Agonum sexpunctatum. For both species the road appears to be a barrier, although the more eurytopic P.versicolor was able to cross it by walking. For A.sexpunctatum, a heathland species, no crossings were found. Both species were sensitive to the linear outline of the road and keep walking along the verge and in the close-by ditch. P.versicolor was sometimes killed when crossing the road. A.sexpunctatum was caught in a window trap close to and directed towards the road. This suggests that A. sexpunctatum was capable of crossing the road by flying.
Introduction
In the nature restoration area Mantingerveld, in the north of the Netherlands, a number of already existing small heathlands will be connected again to form one nature reserve. By converting arable land into heathland, these connections will be realized. In this way the landscape from about 1954 will be restored.
However, in this area one irremovable object is found: a provincial road running straight through the nature restoration area (see figure 1). This road is cutting off a former arable field from a heathland area. Roads have several negative ecological effects, such as habitat destruction, disturbance and pollution of the environment. Beside these effects, roads also have a barrier effect. For most animals they are difficult to cross and many individuals find death on the pavement.

This study focuses on the barrier effect and the mortality caused by this road. We will try to find out whether or not the direction of movement of carabid beetles is affected by the road, how many successful crossings, both by walking and flying do occur, and how many beetles are killed by traffic. The owner of the Mantingerveld, Natuurmonumenten, will try to use the results for developing adequate measures to reduce the barrier effect of the road.
Material and Methods

We used circular enclosures, consisting of hard board fences, to test whether or not the provincial road affects the direction of movement of two carabid species. If so, the road could act as a barrier. The complete experimental set-up, with 2 enclosures, road kill collection transects and window traps, is outlined in figure 2. In the road and control enclosure brand-marked individuals of Poecilus versicolor (Sturm), an eurytopic open area species, and Agonum sexpunctatum (L.), a stenotopic heathland species, were released at the centre of the enclosures. Within the enclosures against the fence, pitfall traps were placed at about 2 m from each other, all at the same distance of the release point. The control enclosure functioned to find out whether or not the beetles had a direction preference regardless the presence of a road. Diameter of the road enclosure was 19.4 m, that of the control 8.4 m. In the road enclosure 1188 individuals of P.versicolor and 113 individuals of A.sexpunctatum were released. In the control enclosure this was resp. 342 and 39 individuals. All direction preferences in both enclosures were analysed with Rayleigh tests for randomness.

During nine weeks, we collected carabids (and all other animals) killed by traffic from and besides the pavement. This was done on two transects of 100 m on both sides of the road, close to the road enclosure.

Next to the road enclosure, we placed two window traps to catch carabids, flying from the heathland (source) area towards the restoration area. These traps were operational for seven weeks.
Results
The recapture rates in the control enclosure were resp. 48% and 33% for P.versicolor and A.sexpunctatum. In the road enclosure these percentages were resp. 32%
and 39%. No directional movement was found for P.versicolor in the control enclosure.  On the other hand A. sexpunctatum exhibited a significant tendency to move to the south-west. In the road enclosure both species behaved differently. Twenty-four of the 380 recaptured individuals of P.versicolor had crossed the road successfully. This is far less as would be expected by random movement of the beetles. As a result, P.versicolor showed a significant movement away from the road. The barrier effect of the road on crossing by walking for A.sexpunctatum was even stronger: not a single individual had crossed the road. Futhermore, for both species, a significant bimodal direction preference alongside the road and in the ditch was revealed.
Eight carabid species, amongst which some individuals of P.versicolor, were found dead on the road. Eighteen carabid species were collected from the window traps at the side directed towards the restoration area. This suggests they originated in the heathland area, which therefore possibly acted as a source of flying beetles for the restoration area. One individual of A.sexpunctatum was among these catches.
Discussion

Although probably both P.versicolor and A.sexpunctatum are able to reach the restoration area, the provincial road can be regarded as dispersal obstacle for both species. P.versicolor, an eurytopic open area species, exhibits a resistance to cross the road and is sometimes killed when crossing. The stenotopic heathland species, A.sexpunctatum, does not cross the road by walking. However, from catches in the window trap we might assume it is probably able to reach the nature restoration area by flying. Both species are sensitive to the distinct linear structure in the landscape, as they show a high tendency to move along the road and in the ditch.

The species tested here are rather common and not particular vulnerable. More critical ground-dwelling species, for example non-flying stenotopic carabids, might experience the road as an unbridgeable barrier. The best way to undo this barrier effect is to displace the road. As this is probably not an option, a successful palliative might be an ecoduct. When covered by the characteristic habitat of the target species, in this case dry heathland mosaic, stenotopic non-flying species might also be able to cross the road.
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Figure 1: Location of the study site. The thick black line indicates the provincial road. The big arrow points at the location of the road enclosure and the window traps. The source area and the nature restoration area are indicated. Other small heathlands will also be connected by means of nature restoration areas, but this is not indicated in the figure.
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Figure 2: The experimental set-up in the field. The road enclosure covered a part the heathland (source) area,  the verge, separated by a ditch from the source area, the road itself (no fence here) and the opposite side of the road close to the former arable land (restoration area). The control enclosure was located in the heathland area. Marked beetles were released at the centre of each enclosure (indicated by ٭). The recaptures were made by pitfall traps attached to the fence at the inside of the enclosure. At the left side of the experimental enclosure traffic victims were collected. At both sides of the road flying beetles were collected by window traps.
