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Stellingen
behorende bij het proefschrift

"Road-side verges: habitat and corridor for carabid beetles of poor sandy and open
areas.”

1. De verbreiding van bodembewonende evertebraten verloopt in een groot aaneengesloten
gebied aanzienlijk sneller dan in verbreidingscorridoren. (dit proefschrift)

2. Voor random bewegende bodembewonende evertebraten geldi: "hoe breder de ecologische
verbindingszones des te langer de afstanden waarover ze effectief zijn." (dit proefschrift)

3. Wil men in het NBP wegbermen de functie van verbindingszone laten vervullen, dan
moeten de meeste wegbermen sterk verbreed worden, obstakels opgeruimd worden en
aanshiitingen met natuurgebieden gemaakt worden. (dit proefschrift)

4. Aanshuiting van heideterreinen op brede schrale wegbermen betekent een vergroting van
de totale oppervlakte beschikbaar schraal habitat, (dit proefschrift)

5. Meer samenwerking tussen de verschillende natuur- en terreinbeheerders kan leiden tot
betere resultaten in het natuurbehoud (dit proefschrift)

6. Simulatiemodellen kunnen behulpzaam zijn bij het verkrijgen van inzicht in ecologische
processen, ze kunnen echter nooit precies voorspellen hoe organismen zullen reageren. (dit
proefschrift)

7. De negatieve invloeden van snelwegen op de natuur is voornamelijk bekend van de vele
publicaties over enkele hogere vertebraten soorten; er zijn echter cok vertebraten soorten die
juist profiteren van deze situatie.

8. Als toppredator van bodemsystemen lijker loopkevers goede indicatoren van de kwaliteit
van de bodemfauna en dus de bodemprocessen. ey, pen. conm)

9. De beperking van aantallen in dierpopulaties wordt niet in de eerste plaats bepaald door
de hoeveelheid beschikbare energie maar door hoeveelheid geschikte stikstofverbindingen.

(White, T.C.R., 1993, The Indoquiu: Eaviratingnt, Nitroges s alamdence of smimmals. Sptinger-Verlag Berkin)

10. De overlevingskans van een populatic wordt meer bepaald door het patroon van de

aantalsfluctuaties dan door het aantalSNivEaN. (e o, 1., 1985, Fucnsmtions of densizy wnd srvival of carabid bostics. Occalogia 67,
Springer-Veri, Berd, 12530

11. Het heeft zin om onderscheid te maken tussen metapopulaties en veeldelige (multipartite)
populaties, daar enkele van de subpopulaties van een metapopulatie veeldelige populaties
kunnen zijn.

12. Verbindingen tussen tuinen van biologen en natuurgebieden kunnen in vele gevallen
leiden tot verhoging van de biodiversiteit in de laatst gencemde gebieden.




i3. Als wegbermen van snelwegen beschouwd kunnen worden ais natuurreservaten, dan is
dit het meest gepasseerde natunrschoon van Nederland.

14. Er zijn geen problemen, alleen maar situaties,
H.J.W. Vermeulen

Road-side verges: habitat and corridor for carabid beetles of poor sandy and open areas.
promotie op 12 juni 1995 in de aula van de Landbouwumniversiteit Wageningen.



Aan mijn moeder, Saskia en

Much of our own highly managed landscape is still interlaced with a wonderful network of
hedgerows and roadside verges. These long winding strips of habitat by the road and lane
and field margins are the last really big remaining nature reserves we have in Britain, except
Jor the wild moors and lakes of our northern mountains and seas around us.(Elton, 1958)



Road-side verges:
habitat and corridor for carabid beetles of poor sandy and open areas.

ABSTRACT

This research deals with the question whether or not heathy strips, like poor sandy and
open road-side verges, can direct dispersal movements of stenotopic carabid beetles from one
heathland fragment towards another, and under what condittons.

First by placing pitfall traps at ten heathy road-side verges in the north-eastern part of
the Netherlands it was established that beetles of poor sandy and open habitats do not aveid
road verges. A relation was found for the species occurring at the verge with both distance
to a heathland fragment and width of the heathy strip at the verge. In a heathy verge
connected to a fragment of heathland more heathland species and in higher numbers were
present close to the fragment than farther away. At broad verges the occurrence of these
species persisted at longer distances.

Mark/recapture experiments with three different carabid species showed that dispersal
takes place randomly. Despite of these random movements, entrance of habitat areas of
another kind, like dense grass vegetations or forest, surrounding the heathy corridor hardly
occurred. This means that beetles stay in their corridor by the avoidance of the bordering
areas. These experiments showed also that most individuals disperse not more than 50 m per
year at verges of a width of 12 m, and at more narrow verges even less. Only occasionally
a few individuals bridged distances of 150 m or more. Therefore, to bridge distances longer
than 100 m a verge needs to be habitat as well, so that a new generation can continue
dispersal along the corridor.

Distances walked per day in different kinds of habitat and chances of entering different
kinds of habitat were accumulated in a simulation programme. With this programme it was
possible to calculate the effects of differently sized corridors on the dispersal distances of the
three beetle species tested for a time period of more than ten years. From these results
recommendation for the creation and management of dispersal corridors, like heathy road-side
verges, could be formulated.

keywords: carabid beetles, dispersal corridor, heathy habitat, road verges, fragmeniation,
stenotopic, dispersal programme, metapopulation.
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VOORWOORD

Mijn interesse voor alles wat groeit en bloeit werd al vroeg gewekt door mijn moeder,
die tijdens de vele wandelingen in de natuur over een fabuleuze plantenkennis bleek te
beschikken. Het systeem van haar opa, om de kleinkinderen een halve cent te geven voor
ieder plantje of diertje dat ze kenden, had kennelijk gewerkt. Zo ook bij haar broer, mijn
oom Henk Evenhuis, die mij wegwijs maakte in de insektenwereid. Mijn motivatie om een
project als dit af te willen ronden werd indertijd sterk geprikkeld door mijn vader en mijn
eerste vriendin.

Samen met Sjouke van Essen ben ik destijds begonnen met de studic biologie in
Groningen. We wilden graag aan insekten gaan werken, hetgeen bij dierecologie op het
Biologisch Centrum in Haren niet mogelijk was. Daarom werden we doorverwezen naar het
Biologisch Station in Wijster, alwaar we kennis maakten met het onderzoek van Theo van
Dijk en Piet den Boer. Hier kon aan loopkevers gewerkt worden. Na een druk sociaal leven
in Groningen beviel mij het geografisch geisoleerde Wijster goed. Zo goed zelfs dat Piet mij,
op eigen verzoek, voor onderzock doorverwees naar het nog meer geisoleerde Tuczno in
Polen. Onder beziclende begeleiding van Jan Szyszko en mede dankzij de gastvrijheid van
familie Andrzejewski werd ook hier een loopkeveronderzoek met goed gevolg afgerond.
Inmiddels hadden de theorieén van Piet den Boer ook wortel geschoten bij het Rijks Instituut
voor Natuurbeheer (het tegenwoordige IBN). Op verzoek van en in samenwerking met RWS-
DWW werd er een project voorgesield om na te gaan of wegbermen als verbindingsbanen
zouden kunnen functioneren tussen versnipperde natpurgebieden. Daar Piet altijd loopkevers
als onderzoekssoorten had gebruikt, werden deze diertjes ook nu weer als proefkonijn
uitverkoren. Ondanks het gebrek aan een rijbewijs rolde ik in dit onderzoek.

Veel dank ben ik verschuldigd aan Bram Mabelis, Dick Verkaar, Geesje Veenbaas en
Paul Opdam voor de hulp bij de opzet van dit onderzoek en de verdere begeleiding. Mede
dankzij Paul, die gedurende dit hele onderzoek als een soort waakhond op de tijd heeft
gezeten, is dit proefschrift redelijk spel klaar gekomen, Ook was Paul nooit te beroerd om
alleriei kleine en grote problemen bij het uitvoeren van het werk op te lossen. Dit ging zelfs
eens zover dat hij een helikopter van het leger voor luchtfoto’s probeerde te regelen. Het
werd uiteindelijk een ultra light. Snel en efficiént was ook zijn controle op de geschreven
artikelen, zodat de hoofdstukken uit dit proefschrift thans bijna allemaal gepubliceerd of
geaccepteerd zijn.

Gedurende mijn veldwerk, dat in het eerste jaar voornamelijk bestond vit rondes langs
de snelwegen van noord-oost Nederland, keb ik vaak een onderkomen kunnen vinden bij
locale wegbeheerders. De koffie stond bij hen altijd klaar. Tijdens het onderzoek op het
Caitwickerzand was SBB-Garderen zelfs bereid om mij gedurende twee jaar werkruimte en
gezelligheid te bieden op hun zolder. Qok schepte een van de medewerkers aldzar, Hans
Snoel, er een genoegen in om regelmatig de helpende hand toe te stcken en om rondritjes te
verzorgen <door hun boswachterij.

In de wintermaanden werd het veldwerk verruild voor het warme Biologisch Station om
de administratie bij te werken of een rapport of artikel te schrijven. Onder het genot van een
kopje koffie of in de wandelgangen heb ik daar aan mijo collega’s veel inspiratie ontleend.
Met name Henk de Vries en Theo van Dijk waren nooit te beroerd om eens stevig met je van
gedachten te wisselen over de meest uiteenlopende theoriegén. Verder bleken Amnold Spee,
Hans Turin en Taco van Huizen altijd bereid mijn determinaties te controleren en was Arnold
ook vaak bereid om geheel vrijwillig stukjes van mijn proeven uit te voeren,



Speciale dank ben ik verschuldigd aan Piet den Boer en Tim Opsteeg. Tim wist feilloos
mijn verbreidingsgedachten voor loopkevers om te zetten in computertaal. Het aldus
geconstrueerde simulatieprogramma heeft hem minstens een jaar aan vrije avondjes gekost
en mij bespaard. Piet heeft zich steeds met een nimmer aflatend enthousiasme door mijn
stukken proza heen geworsteld, hetgeen gezien het matige engels in het begin zeker een hele
kluif moet zijn geweest. Dankzij zijn correcties zijn er nog hele redelijke stukken vitgekomen.
Ook onze discussies over dit project hebben hem heel wat avondjes en flessen wijn gekost.

Verder wil ik graag mijn promotor Claus Stortenbeker bedanken voor het promoten van
dit project. Met name in de aller laatste fase van dit proefschrift heeft hij heel wat van
zichzelf moeten vergen om de zaken voor deze promotie toch nog op tijd rond te krijgen.

Er is echter een persoon zonder wie ik dit project nooit had kunnen afronden: mijn
vriendin en inmiddels mijn vrouw Saskia. Niet alleen had zij het benodigde rijbewijs voor het
naken van rondes langs de snelwegen van Nederland maar ook had zij het geduld en
uithoudingsvermogen om mij tot s avonds laat ook in de weekends te assisteren zodat er ook
nog wat vrije tijd voor ons samen over bleef,



SAMENVATTING

De versnippering van de vroegere "woeste gronden” wordt in Nederland als een probleem
ervaren voor het langdurig overleven van bepaalde loopkeverpopulaties. Met name de aan het
schrale biotoop gebonden loopkeversoorten met cen gering verbreidingsvermogen blijken
langzaam maar zeker uit de veelal kleine habitatsnippers te verdwijnen. Vermoed wordt dat
het verdwijnen van populaties in kleine snippers eerder verband houdt met het uitsterven van
kleine populaties als natuurlijk stochastisch proces dan met de ongeschiktheid van de snippers
als leefgebied. Doordat de omliggende, ontgonnen terreinen van de smippers voor de
bovengenoemde soorten als leefgebied ongeschikt zijn, is de kans op herkolonisatie van de
geisoleerde snippers vrijwel nihil. Om de kans op herkolonisatie te bevorderen worden dan
ook door de overheid verbindingsbanen tussen de snippers voorgesteld (Natuurbeleidsplan).
Herkolonisatic van leeggevallen snippers zou dan via dergelijke verbindingsbanen kunnen
optreden en op regionaal niveau zouden soorten dan kunnen overleven in een soort
metapopulatiestructuur.

Het onderzoek richtte zich op de geschiktheid van dergelijke verbindingsbanen voor
stenotope  loopkeversoorten van  schrale  graslandvegetaties met een gering
verbreidingsvermogen. Hoewel dergelijke schrale verbindingsbanen tussen heidesaippers
vooralsnog in Nederland niet bestaan, bestaan er wel lintvormige heidestructuren in Noord
en Oost Nederland die als zodanig zouden kunnen functioneren n.l. schrale wegbermen.

In de eerste fase van het onderzoek werd nagegaan of de bedoelde loopkeversoorten wel
voorkomen in zulke bermen, d.m.v. een inventarisatic met bodemvallen van 10 schrale
wegbermen. Dit bleck inderdzaad het geval te zijn en via een multivariate analyse werd verder
aannemelijk gemaakt dat er een verband bestaat tussen het voorkomen van bepaalde soorten
in bermen en de aanwezigheid van een met de berm verbonden heideterrein (hoofdstuk 2).

Voor een drietal soorten met een verschiliende verspreiding over de wegberm, nl. a. in
ongeveer gelijke frequentie aanwezig over de gehele berm (Prerostichus lepidus), b. in een
hogere frequentie aanwezig op de berm dichter bij het belendende heideterrein (Harpalus
servus) en c. alleen op de berm aanwezig binnen 100m. van het heideterrein (Cymindis
macularis), is via merk- en terugvang proeven het verbreidingsproces bestudeerd (hoofdstuk
3). Van alle drie soorten bleken zich individuen vanuit het heideterrein naar de wegberm te
bewegen en vice versa. Ook verbreiding langs de berm werd geconstateerd, hoewel de meeste
individuen niet verder kwamen dan 25 - 50m per jaar, De afstanden afgelegd in een gewoon,
niet-lintvormig heideterrein waren het grootst en in smalle wegbermen het kleinst. Soort c.
bleek hierop een uitzondering. De snelle verplaatsing in de berm en de plotselinge
verdwijning van alle individuen uit de berm doet denken aan een vluchtgedrag in een als
habitat minder geschikt terrein.

Voor alle soorten bleck verder dat de terugvangstfrequentie per val met gelijke vangkans
groter is in de berm dan in het open veld, een kans die toenam naarmate de berm smaller
werd. Kennelijk had de corridorstructuur een vertragende werking op de verbreiding van deze
loopkeversoorten maar dwingt deze structuur de kevers ook in de corridor te blijven. Dit
werd nader onderzocht door kevers in enclosures met een straal van 4m los te laten op de
grenzen van de corridorstructuur in verschillende vegetaties. Door een dagelijkse controle
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gedurende de activiteitsperiode konden de loopsnelheden van de kevers in de verschillende
vegetaties worden bepaald alsmede een frequentieverdeling van de kansen dat kevers de
corridor verlaten en in het naburig habitat terecht komen en de kans dat ze hier weer in
terugkeren (hoofdstuk 4). Voor loopkevers van schrale graslandvegetaties bleken zowel dichte
grasvegetaties als bos vertragend effect te hebben op de loopsnelheid. Ook bleken deze
vegetaties de kevers "terug te kaatsen”, Slechts enkele individuen betraden deze vegetaties.
De individuen die dit deden hadden voorts een sterke neiging om weer terug te lopen naar
de schrale middenstrook van de berm. Dus de vegetaties die de berm omringen hebben een
zodanige barrirewerking, dat de random bewegende loopkevers gedwongen worden in de
corridorstructuur te blijven. Verder lijken de overgangsvegetaties (veelal dichter wordende
grasvegetaties) de verbreidingsnelheid van de kevers af te remmen. Daar de kever geen
lengterichting van de berm kan onderscheiden verbreidt deze zich bij toeval in de
lengterichting van de berm, waarbij er steeds een kans bestaat op teruglopen. Ook dit zal
vertragend werken.

In de laatste fase van het onderzoek werd een simulatiemodel ontwikkeld, dat de reacties
van loopkevers in een landschap accumuleert. Op basis van frequentieverdelingen van
individuele reacties op habitatgrenzen en loopsnelheden van de verschillende soorten in
verschillende vegetaties, gemeten in het enclosure-experiment, kan met dit model de
effectiviteit worden geschat van verschillende soorten verbreidingscorridors. Bij toetsing van
dit model met de resultaten van het merk-terugvang experiment, welke onafhankelijk zijn van
de veldresultaten gebruikt in het model, bleek dat slechts 1 op 50 simulaties een significante
afwijking gaf van de terugvangstverdeling in het veld (hoofdstuk 5). Als terugkoppeling naar
het vorspronkelitk probleem werden nu verschillende soorten verbindingsbanen getoetst op
hun effectiviteit als verbreidingsbaan. Uit de simulaties, gedaan voor 10.000 individuen per
soort per simulatie over | jaar, blijken de gemiddelde verbreidingsafstanden slechts gering
te zijn. De maximale loopafstanden zijn hooguit enkele honderden meters. Naarmate meer
individuen deelnemen aan het verbreidingsproces blijkt de kans op een grote dispersieafstand
toe t¢ nemen. Dus verbindingsbanen verbonden met gebieden met een hoge populatic-
dichtheid zullen effectiever zijn dan die verbonden met gebieden met een lage
populatiedichtheid. Naarmate de verbindingsbaan breder is, worden de gemiddelde
dispersieafstanden langer. Bij versmallingen in de verbindingsbaan blijken individuen zich op
te hopen, waardoor de kans op grote verbreidingsafstanden geringer wordt. Dit geldt ook
voor vergraste plekken in de verbindingsbaan, omdat hier de verbreiding in het grassige stuk
wordt vertraagd. Individuen van soorten die langer dan 1 jaar leven, zoals die van P. lepidus
en H. servus, blijken in een tweede jaar maar een fractie verder te komen dan de afstanden
afgelegd in het eerste jaar.

In een tweede reeks simulaties werden ook de netto-reproductie-waarden, ontleend aan
jarenlange metingen in het Dwingelderveld, betrokken. Hiermee werd het mogelijk om
simulaties over meerdere jaren vit te voeren (hoofdstuk 6). Deze simulaties, steeds gedaan
voor 1000 individuen over 10 jaar, laten zien dat de geaccumuleerde verliezen aan de, als
leefgebied ongeschikte omgeving van de verbindingsbaan, op de lange duur een grote rol
spelen. Naarmate de kevers vaker met deze grenzen worden geconfronteerd wordt het verlies
van individven groter. Dit is vaker het geval bij smalle verbindingsbanen dan bij brede. Ook
bij versmallingen in verbindingsbanen treedt door de opeenhoping van individuen voor de
versmalling een grotere verlieskans van individuen op. Door grenzen te introduceren waar
kevers scherp op reageren kan het verlies aan individuen naar de omgeving beperkt worden.
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Een goede verbindingsbaan zou tevens ook een goed habitat moeten zijn zodat via een hoge
reproductie de verliezen kunnen worden gecompenseerd. Alleen dan kan een berm over
afstanden langer dan enkele honderden meters als verbindingsbaan functioneren. Voor cen
soort als P. lepidus lijken de bestaande wegbermen al als zodanig geschikt te zijn.

Als eindconclusie geeft deze studie aan dat schrale weghermen verbreidingsbanen kunnen
vormen voor loopkevers uit schrale habitats. Naarmate de verbindingsbaan smaller is, zullen
de te verbinden habitatsnippers dichter bij elkaar moeten liggen. Iedere onderbreking, in de
vorm van versmallingen en/of andere vegetaties zullen leiden tot vertragingen in de
verbreidingsneiheid en verlies aan individuen. Verkeerde verbindingsbanen (te lang, te smal,
te veel onderbrekingen of te vage grenzen) kunnen leiden tot cen verhoogde uitsterfkans in
de habitatsnipper, daar individuen uit het habitat via de verbindingsbaan worden weggeleid
zonder aan e¢en levensvatbare populatie bij te dragen. De beste verbindingsbaan lijkt
vooralsnog dic waar ook (sub)populaties in opgebouwd kunnen worden, zodat deze onderdeel
wordt van de metapopulatie. Zulke verbindingsbanen kunnen dan ook refugia worden. De
betekenis van een verbindingsbaan verschilt echter van soort tot soort. Het lijkt daarom
raadzaam voor de meest gevoelige soort een verbindingsbaan te creéren, in de hoop dat
minder gevoelige soorten er ook van profiteren. Bij het inschalen van verbindingsbanen lijkt
het ontwikkelde simulatiemodel een behulpzaam instrument. Waarschijnlijk kan het ook voor
andere organismen worden gebruikt en blijkt het tevens geschikt om netwerkstructuren te
toetsen op hun bijdrage aan het overleven van (meta)populaties,
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SUMMARY

In the Netherlands the fragmentation of the formerly so-called "wastelands" is regarded
as a problem for the long term survival of certain ground begtle populations. Especially the
species characteristic for poor sandy and open habitats with low powers of dispersal seem to
disappear gradually from the usually small habitat remnants. It is supposed that the
disappearance of populations from those small habitat fragmeats is more connected with
stochastic processes normally occurring in nature than with the unsuitability of the fragments
as a habitat. Because the cultivated areas, surrounding the remnants, certainly are unsuitable
as 4 habitat for the above mentioned species, the chance of recolonization will be close to
zero. To increase the chance of recolonization of isolated heathy habitat patches, the Dutch
government proposes to establish dispersal corridors between fragments (Plan of Nature
management). Recolonization of patches which lost their populations would be facilitated by
these corridors, and at a regional level a species could survive in a kind of metapopulation.

The study presented here focused on the suitability of such dispersal corridors for
stenotopic carabid beetles of poor sandy, open habitats with low powers of dispersal.
Although such dispersal corridors between heathy habitat patches do not exist in the
Netherlands yet, heath-like and ribbon-shaped structures do occur: poor sandy road-side
verges.

To find out whether or not the species concerned occur at poor sandy, open road verges,
in the first phase of this study 10 poor sandy, open road verges in the Netherlands were
sampled with the help of pitfall traps. Most of the species occurring in nearby heathy areas
indeed were present at the road verges, and a multivariate analyses suggested a relationship
between distance to a adjacent heathy area and the occurrence of certain species at the road
verge (chapter 2).

The dispersal movements of three species, differing in their distribution at the road verge,
were followed by mark- and recapture experiments. These three species were Prerostichus
lepidus, occurring along the entire verge in about equal numbers, Harpalus servus, present
in higher numbers closer to the adjacent heathy area, and Cymindis macularis, which was
only caught in low numbers at the verge no further than 100m from the adjacent area (chapter
3). In all three species individuals were found moving from the heathy area towards the verge
and the other way round. Dispersal along the road verge was established too, though most
individuals did not displace more than 25-50m. from the release point per year. In general
it can be concluded that distances bridged by beetles will be greater in broad verges and in
a sizeable area of heathland. One species seems to be an exception to this rule. Individuals
of C. macularis moved quickly at the verge and after a few weeks completely disappeared
from it. The behaviour of this species suggests that it flew away from adverse conditions,
which apparently were met at the verge. Therefore, the verge tested is not suitable as a
habitat for this species in its present form.

Individuals of all three species were recaptured at a higher rate at the verge than in the
open field situation. At a narrow verge this rate was highest. Apparently, the structure of the
verge not only slowed down dispersal but also forced individuals to stay in it. To verify this
idea, marked beetles were released in enclosures with a radius of 4m placed at the borders
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of the verge with the surrounding areas. By every day checking the traps, which were placed
in the enclosures with different kinds of vegetation inside, both the rate of movement and the
chance of entering other kinds of habitat could be established (chapter 4). Beetles from poor
sandy, open habitats appear to move slower in forest and in dense grass vegetations. Also,
the borders of the open habitat with these other vegetations deflected the movements of the
beetles. Only few individuals entered the other habitat, if so, in most cases they moved back
to the poor sandy strip in the middle of the verge. The slowed down dispersal movements of
beetles in the verge and the higher catching rate there is explained by the random movements
of the individuals while being forced to stay in the corridor structure. Because beetles can not
distinguish the longitudinal direction of the corridor they have an equal chance to walk further
as to walk back. This will cause a slowing down of dispersal too.

To return to the original problem whether or not a road verge can be a dispersal corridor,
the behaviour of individuals of certain carabid species in different landscape-structures as
estimated in the field, was accumulated in a dispersal model. The dispersal programme
presented draws numbers randomly from a frequency distribution of probabilities to enter
and/or return from one type of habitat to another. It also draws numbers from a distribution
of rates of movement in different kinds of vegetation as estimated in the enclosure
experiments. After the proposed number of walking days and individuals have passed the
simuiation, the model gives the distribution of the released individuals in a landscape.
Validation of the model with the mark- recapture experiment, mentioned above, showed that
only ones in 50 simulations results occurred of a distribution significantly deviating from that
at the road verge (chapter 5). The effectiveness of different kinds of corridors could be tested
in this way. For a period of one year simulations were executed for 10,000 individuals per
species. Dispersal distances did not exceed 200m. and were shorter in corridors than in open
field sitvations. In narrow corridors the difference was most evident. The chance of an
individual dispersing over a larger distance increased with a higher number of beetles walking
in the simulation experiment. Therefore, a corridor connected to an area with a dense
population will be more effective than one connected with an area with a sparse population,
The mean dispersal distances increased at wider corridors as compared to narfower ones. At
narrow sites in the corridors the beetles tend to accumulate. So those sites will decrease the
chance of dispersal over large distances. The same applies to grassy patches in a corridor.
Individuals living longer than one year, like those of P. lepidus, in the second year are
moving over only a fraction of the distance of the year before.

Finally, also the net-reproduction values, derived from long-term field experiments at
Kralo heath, were used in the simulations. This made it possible to execute simulations over
several years (chapter 6). Simulations, done for 1000 individuals over 10 years, showed that
on the long term losses to surrounding unsuitable areas become more and more important.
When beetles encounter the borders more often, the chance of losing these individuals to the
surroundings increases. This will happen more frequently at narrow corridors than at broader
ones. The accumulation of individuals at narrow sites also increases the chance of losing some
of them. By introducing borders with a higher barrier-effect, losses to areas adjacent to the
corridor can be diminished. A corridor with a high habitat quality will be most favourable.
Then a high reproduction rate will compensate the losses occurring from the corridor, In such
cases a corridor might indeed connect habitat fragments over more than a few hundred
metres. For a species like P. lepidus the existing road verges could already be suitable in that
manner.
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The final conclusion of this study is that poor sandy corridors, like some road verges,
potentially may be dispersal corridors for carabid beetles of poor sandy, open habitats. When
narrow, these corridors can only connect fragments close to each other. Every interruption
of the corridor, like narrow or grassy sites, will lead to losses of individuals to unsuitable
surroundings or to a slowing down of the rate of movement. Bad dispersal corridors (too
long, too narrow, too many interruptions and/or too weak borders) can increase the
probability of extinction of the population in a fragment, because the possibility of leaving
the fragment is facilitated by the presence of the connected corridor, whereas the corridor
does not lead to another suitable habitat. Such corrridors are sinks for dispersing individuals.
Corridors, in which at least temporally a subpopulation can be build up, seem to be best.
Such corridors can be regarded as part of the metapopulation and probably can even be
refugia. However, the importance of a corridor differs from species to species. It is advisable
to create a corridor for the most sensitive and vulnerable species, by which it may be hoped
that also less critical species will profit. For planning adequate corridors the simulation
programme developed might be a useful instrument. Probably it can be used for other kinds
of organisms than carabids, and might appear appropriate for testing the support of network
structures to the survival of (meta)populations.
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Chapter 1

GENERAL INTRODUCTION

History of the dutch landscape

In the Netherlands, after the appearance of the first humans, the landscape gradually
changed from ancient deciduous forest, moorlands and peat bogs into villages and agricultural
tields. The rich clay soils in the river delta were most productive. Economic success in this
area caused population growth and even lakes were transformed into arabie land. On the other
hand, the higher sandy parts in the North-East were less fertile. After the cutting of forest,
which started already in prehistoric times, open landscapes on poor sandy soils were left,
matnly usable for extensive cattle grazing. In the East of the Netherlands a large continuous
area of heathland, occupying about 30% of the whole couniry in 1800, extended from
Groningen in the North till the Belgium border and even further South, only interrupted by
peat bogs, the big rivers and some small brooklets (Schuring et al, 1992). With the cutting
of the last piece of primeval forest, the Beekbergerwoud near Arnhem in 1871 (van Zanden
& Verstegen, 1993), hardly any forest was left. The only forest-like areas present, were small
woodlots near villages, used as coppice, and the hunting area for the royal family near
Apeldoorn. These areas were manipulated and partly planted at the end of last century and
covered not more than 4% of the Duich territory. Due to a shortage of wood for heating and
cooking, peat was widely used as a fuel, and most peat bogs were drained and dug off
(Schuring et al, 1992). After the introduction of artificial fertilizers at the end of last century
man was able to turn the heathlands into more or less productive agricultural fields. At the
same time areas of drift sand, created by overgrazing of the heathlands, were reafforested,

but this time by pine trees. =7
g

province of Drenthe since 1850. The same kind of process took place in the whole North-
East part of the Netherlands.
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Finally, the semi-natural habitat of heathland, stable for thousands of years, was regarded as
wasteland and turned into agricultural land on a large scale. The remaining fragments were
scattered in isolated patches through the entire area. Fig. 1.1 illustrates this process for the
province of Drenthe, in the North of the Netherlands. Although, already from the beginning
of this century, the Dutch nature conservation organization the Vereniging tot Behoud van
Natourmonumenten in Nederland protested against the destruction of these wastelands,
reclamations continued till the sixties,

The loss of species

Of course, by changing the dominant vegetation also the fauna was changed. As the last
small remnants of primeval forest were already cut down in the middle of the 19th century,
most characteristic forest species disappeared. The woodlots of coppice left were small,
fragmented and highly affected by human activities. Probably, only the less critical species
of forest could survive there, On the other hand, for the species of heathland the surface area
of habitat increased enormously. They could settle down throughout the whole area, because
the heath area continued existence for several thousands of years. Recently, this habitat area
became highly reduced and fragmented.

For most larger animals of forest, like mammals and birds, usually it is known which
species occurred in the past. For smaller animals, however, like invertebrates, it is hardly
possible to reconstruct the species composition of these ancient forests. As reduction and
fragmentation of heathlands occurred relatively recently, many of these heathland
invertebrates probably still occur in the Netherlands. However, even on the small territory
of the Netherlands, the group of invertebrates consists of several ten thousands of species.
Therefore, it will be rather difficult to find out how many of these species are threatened to
extinction. When carabid beetles are taken as indicators for the invertebrates of heathlands,
we may conclude that most of invertebrates are highly endangered now (Desender & Turin,
1986, 1989, Turin, 1989).

Of course, one of the major reasons for this faunal impoverishment has to be the large
scaled destruction of the heathland habitat. As far as the Netherlands are concerned, in 1833
heathlands still occupied 600,000 hectares from which only 40,000 are left at present. This
loss of inhabitable area simply must have caused a decline of stenotopic animals restricted to
heathy habitats. But at least in invertebrates the decline probably is larger than what can be
expected from destruction of habitat alone (Hopkins & Webb, 1984; Webb & Hopkins, 1984;
de Vries, 1994). For, the reclamation of the so-called wastelands took place part by part,
leaving a few larger and many smaller pieces of heathland scattered over the Eastern part of
the Netherlands. The originally large and continuous heathland areas were split up in
hundreds of small or very small pieces, separated from each other by agricultural land and
planted forests (Anon., 1990). These heathlands were rather stable habitats for a long period.
At least among carabid beetles such stable conditions lead to a decrease of dispersal power,
especially of flight capacity (den Boer, 1971; Aukema, 1986).

For stenotopic invertebrates of heathy habitats such frapments can be regarded as islands
in a sea of unsuitable habitat, as only occasionally they can be found outside their heath
habitat and in a very few exceptional cases at distances larger than hundred metres (Gardner,
1991). For oceanic islands, MacArthur & Wilson (1967) showed that survival times and
extinction rates of populations are largely determined by the size of the islands. This means
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that smaller islands will lose their species more rapidly than bigger ones. They also showed
that the distance to other islands or mainlands significantly decreases the chance of
(re)foundation of populations on islands. The number of species on such islands fluctuate
around a kind of balance hetween extinctions and refoundings. When changing the size of an
island or the distance to another island this balance will shift to another level. Fragmentation
of heathland can be considered splitting up a few large islands in hundreds of smaller ones.
According to Diamond (1975) such fragments in a cultivated countryside will lose species by
natural extinctions until a new (lower) balance level in the number of species is reached. This
would imply that just after the reclamations in Dutch heathland remnants a number of species
was present related to the original size of the area, but in the course of time species disappear
untill a new balance, fitting to the size of the remnant, will be reached. In the latter situation
species that can easily bridge distances between those remnants have a good chance to be
observed everywhere, because they have the opportunity to refound populations in areas
where they can survive. As stenotopic species with low powers of dispersal will not have this
opportunity, these are probably not only endangered by reduction of their habitat, but also
threatened by regional extinction, first disappearing from the small habitat fragments.

These concepts are thoroughty applied to carabid beetles Tiving in heathland remnants in
Drenthe by den Boer (1977). From his long-term observations on the distribution and
numbers of 64 carabid species, den Boer (1979, 1990a) could show that extinctions of local
populations or so-called interaction groups occur frequently. Hence, extinctions are not
restricted to species from instable or temporal habitats, but occur also in species occupying
stable or permanent habitats. As on small habitat islands only one or a few local populations
of a species can live, the chance of extinction of the entire population will be higher than on
larger islands. The estimated survival time for local populations usually is a few decades only
{(den Boer, 1985, 1986).

Circumstantial evidence for the correctness of den Boers calculations was later provided
by de Vries & den Boer (1990) and de Vries (1994). A decline in number of species for
stenotopic carabid beetles with low powers of dispersal was shown to occur for habitat sizes
smaller than about 70 ha. As most of the habitat fragmentation of heathland took place about
50-100 years ago, it might be concluded that heathy habitat fragments should be larger than
70 ha to let most populations survive for longer than 50-100 years. However, from the same
studies it appeared that only a few habitat fragments are larger than 70 ha, and if larger, the
survival of certain species is not sure. At the 1200 ha heathland of the Dwingelderveld van
Essen (1993) reported the disappearance of at least two and may be three stenotopic species
of heathland occurring there 20-30 years ago.

It was also found that well dispersing carabid beeties, which can fly at least occasionally,
declined in heathlands of 8 - 25 ha. In this respect the ability to fly can be important, because
it enables to pass hostile surroundings and to recolonize empty patches. On the other hand,
since the direction of dispersal through the air is mainly depending on the direction of the
wind (van Huizen, 1990), individuals will recolonize patches only by chance. The high losses
of dispersing individuals will make the remaining populations more vulnerable for extinction.
Therefore, it might be expected that most small patches with populations of good dispersing
species will be situated not far from a large habitat area with a large source population.
Though even good dispersing species probably still need large habitat areas for regional
survival, they will be less exclusively restricted to such areas as compared to beetles only
dispersing by walking. Populations of the latter species do not suffer from losses by
individuals flying away, but will have a very small probability to replace populations lost
from heathy habitat remnants, even when nearby (> 100m). Carabid beetles walk only short
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distances and in rather random directions (cf. Baars, 1979; van der Ent & van Dijk, 1991,
Klazenga & de Vries, 1994). As the chances of survival in areas between habitat fragments
are very low, to (re)found populations of stenotopic beetles in separate fragments stepping
stones or bridge habitats are needed{(den Boer, 1977).

Nature management for saving species

In the "Natuurbeleidsplan” (Plan of Nature Management) the Dutch government proposes
to connect remnants of (semi)natural areas (Anon., 1990}, In a network structure of dispersal
corridors between small and larger habitat fragments local populations are expected to support
each other. When a local population becomes extinct dispersal through such a corridor must
facilitate recolonization from areas where the species is still present. The entire network thus
has to form a metapopulation in which the survival of species is improved (cf. Levins, 1970;
Opdam, 1987, 1990; Gilpin & Hanski, 1991). Although dispersal corridors are already
incorporated in some local plans of nature management, sofar there is only little and
fragmentexd evidence on the suitability of different kinds and sizes of corridors, concerning
their assumed function and the species supposed to be favoured (Getz ef al., 1978; Burel,
1989; Zerbe, 1989; Opdam & Hengeveld, 1990; Saunders & Hobbs, 1991; Vermeulen &
Veenbaas, 1991; Hobbs, 1992; Petit, 1994). As stated above, stenotopic carabid beetles with
low powers of dispersal are among the organisms which might profit from such dispersal
corridors. The Ministry of Transport, Public Works and Water Management, which takes
care of the verges of highways in the Netherlands, suggested a corridor function for road
verges (Anen., 1988). Though a road verge, when running through a natural area, can be a
barrier which is difficult to cross (Mader 1979, 1984, 1987; Mader er i., 1990), as a ribbon-
like structure through forest or arable land it might be suitable to connect natural areas
adjacent to the road verge. Due to a management of low intensity road verges in the Eastern
part of the Netherlands often are heathy. These features suggest a potential corridor function
between fragmented heathlands.

The aim of this study

The overall aim of this study was to find out whether or not and under what conditions
heathy road-side verges could be dispersal corridors for stenotopic carabid beetles of heathy
habitats with low powers of dispersal. The choice for carabid beetles as a group to study was
not only because of the lots of information available, but also they might be useful
bioindicators {cf. Butovsky, 1994).

Short sections of a corridor at least must provide a suitable habitat for bectles to survive.
For distances longer than the walking range of beetles, sufficient reproduction sites must be
present in a comridor to enable beetles of next generations to continue dispersal through the
corridor.

By sampling ten heathy road verges, differing in isolation and width, it was investigated
which carabid species, restricted to poor sandy, open habitats could be present (chapter 2).
Secondly, I analyzed the similarity between the species lists in road verges and that of
adjacent heathland areas. A high similarity could be interpreted as an indication for the
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exchange of individuals. This exchange was studied by mark- recapture techniques (chapter
3). During two years movements of individuals of three carabid species were studied in one
arca. Individuals have to stay in the presumed corridor, otherwise leakage to the surrounding
unsuitable areas will mean a loss of individuals. When the threshold of leaving a habitat area
is lowered by a corridor connected to it, leakage from the corridor may have a negative effect
on the survival of the population living in that habitat area. In chapter 4 the chance of leaving
and re-entering the supposed corridor was tested as well as the rates of movement in the
different vegetation strips constituting the verge.

To explore how the dimensions and vegetations of the verge interact with the distances
covered by dispersal, a dispersal simulation programme was developed. This programme,
which 1s presented in chapter 3, is based on the individval behaviour of carabid beetles, as
analyzed in chapter 4 and connected with the results presented in chapter 3.

Finally, in chapter 6, several kinds of imaginary road verges were tested on their
suitability to dispersal corridors on the long term. Also, expected bottlenecks and suggested
improvements are examined.
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Chapter 2

THE COMPOSITION OF THE CARABID FAUNA ON POOR SANDY ROAD-SIDE
VERGES IN RELATION TO COMPARABLE OPEN AREAS.

SUMMARY

In the Netherlands, the majority of heathlands and dry, unproductive grasslands were
brought into cultivation or afforested since the end of the 19th century. As a result the
original landscape became highly fragmented. Nowadays the heath habitat occurs in more or
less isolated patches only. Many of these fragments show a small spatial variation in
conditions. Ground-dwelling arthropods, with a low dispersal power and a specific preference
Jor poor sandy, open habitats, could disappear from such small fragments under the influence
of temporally unfavourable conditions. As recolonization from other fragments often is very
difficult because of hostile surrounding areas, isolated small fragments that lost their
popularions will remain unoccupied. The absence of some carabid species in such small,
isolared fragments is thought to be the result of this situation. By introducing heathy corridors
between such fragments animals might be enabled to pass a hostile environment. This study
shows that heathy road-side verges possibly can function as such a corridor. On the studied
road-side verges, carabid species of poor sandy, open habitats were present, including the
more rare species. Some species even found a better habitat at road-side verges than in
studied poor sandy open areas adjacent 1o such road-side verges. For other species the road-
side verge seemed to be a more marginal habitat in which they only occur because of the
presence of a suitable adjacent area. The distance to such an area as well as the width of the
poor sandy, open strip on the road-side verge seem to be important conditions for the
occurrence of the latter species. To increase the chance of survival in such a corridor, it is
suggested to create some wider strips or patches at the road-side verges, suitable for
reproduction. In this way road-side verges might contribute to a metapopulation structure by
which species are better protected against regional extinction.

INTRODUCTION

More than 4000-5000 years ago the Netherlands mainly must have been covered with
broad-leaved forests (Faber, 1942, van der Vlerk & Florschiitz, 1949). The destruction and
fragmentation of these original forests by man started not much later. The last remnants of
the older coppice forests became fragmented more than 200 years ago. The landscape was
gradually changed into small agricultural areas surrcunded by coppice woodlots and large

25



poor heathlands, used for cattle and sheep grazing. These poor open areas were stable and
highly connected for a long period. In 1833 the total surface covered by these areas still
amounted to 600.000 hectares (van der Kam, 1984). At the end of the 19th and the ferst half
of the 20th century, the majority of these poor, unproductive areas were brought into
cultivation or afforested. In 1963, the time that these reclamations came to an end, only
40.000 hectares were left in scattered patches. Consequently, also this semi-natural landscape
became highly fragmented. Only more or less isolated heathy remnants were left.

For ground-dwelling arthropods, bounded to this kind of habitat, like some carabid
species, this reduction and fragmentation of habitat resulted in local and eventually total
extinction. Under the present conditions, especially species with low powers of dispersal will
have a small chance to found new local populations {den Boer, 1977 & 1990a).

According to Turin (1989) the carabid species, restricted to the above mentioned habitat,
significantly decreased since the last century. This decline was probably caused by reduction,
fragmentation and isolation of their habitat, because the species that disappeared were known
to be stenotopic and poorly dispersing (Turin & den Boer, 1988).

In the concept of metapopulation (Levins, 1970) as used by Opdam (1987) each species
needs a certain minimum amount of habitat to maintain a stable population, which consists
of a number of local populations, interconnected by dispersal. However, many fragments of
habitat are too small and too isolated to support viable local populations, so that species,
restricted to such fragments, sooner or later will disappear from that region under the
influence of temporally disturbing factors. Den Boer (1985, 1986) showed that, when
isolated, local populations of carabid beetles will only survive some decades. As an example,
Agonum ericeti, a brachypterous carabid species restricted to peat moor habitats, at present
only occurs in large peat moor remnants or in smaller remnants which became isolated
recently (de Vries & den Boer, 1990). By constructing connections, or dispersal corridors,
recolonization might take place and could contribute to stabilization of a network of local
populations in a metapopulation structure (Gilpin & Hanski, 1991). Mader (1987) suggested
that road-side verges of highways might play a role as dispersal corridors for carabid beetles,
as it was found to occur for mice (Getz et al., 1978).

As in the Netherlands road-side verges have an extensive management they are often poor
and heathy (van der Shiijs & Vissers, 1991). Their ribbon-like character suggests a possible
function as dispersal corridors for ground-dwelling arthropods of poor heathy habitats.

The present research aims to find out which carabid species, restricted to poor sandy,
open habitats, are present at poor sandy road-side verges. From the perspective of nature
conservation, road-side verges with stenotopic carabid beetles, which are also geographically
restricted, may be of great value. Furthermore, to establish whether or not these road-side
verges are potential dispersal corridors between poor sandy, open habitat fragments, it has
to be studied what kind of relationship exists between stenotopic carabid species present in
poor sandy, open areas and at the road-side verges connected with these areas. Species that
are only present at road-side verges connected with such areas may use the road-side verge
as a dispersal corridor. To find out under what circumstances and over which distances a
corridor function of the road-side verge might be expecied, one location is studied more in
detail.
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METHODS

Study areas and sampling methods

& open poor sandy areas and peat moors

Study areas

road-side verges with an open sandy area
narrau road-side verges with &n apen sandy
area

road-side verges with & open sandy arsi
in the past
B isolated road-side veroes

100 kn

ct laitvickerzand

Figure 2.1. The distribution of heathy fragments in the Netherlands and the location of
the studied areas.
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In 1989 at five locations in the North-East part of the Netherlands, fragments of heath
and dry grassland connected to highway road-side verges as well as the road-side verges
themselves were sampled for the presence of carabid species (Fig. 2.1.). The selected road-
side verges showed about the same characteristics as the heathy fragments. Two of these
road-side verges had a width of about 6 ineters or less, and therefore, the heathy vegetation
was hardly developed. All other road-side verges sampled were at least 10 meters wide.
Disparate kinds of habitat, bordering these road-side verges, such as agricultural fields and
forest, were presumed to be unsuitable for species restricted to heathy habitats. To test this
assumption, such areas next to the road-side verges were sampled as well.

The sampling was done by a series of pitfall traps placed from the centre of the poor
sandy, open area towards the road-side verge and continued for several hundreds of meters
along the road-side verge. The results of these samplings will be compared both to those from
road-side verges which had only contact with poor sandy, open areas at the time of road
construction, about 20 years ago (2 locations), and to isolated road-side verges which became
heathy only recently (3 locations). The last 3 locations were sampled in 1991,

The pitfall traps used were plastic cups with a diameter of 10 cm., about half filled with
a 4% formalin solution. From the beginning of April to the end of October the study areas
were sampled continuously and beetles were collected every 2-3 weeks. In total 149 pitfall
traps were placed in the different areas: 15 at isolated road-side verges, 15 at road-side verges
with a connection in the past, 42 at narrow road-side verges and in adjacent poor sandy areas,
and 77 at wide road-side verges and the adjacent poor sandy areas.

All carabid beetles caught in pitfall traps were identified to species level using standard
keys (Everts, 1898; Lindroth, 1974; Bocken, 1987), according to the nomenclature of Turin
(1990).

Ecological characterization of species

To select the carabid species, which in the Netherlands are restricted to poor sandy, open
areas, the ecological characterization of carabid species of Turin et al. (1991} is used.
Species, which are mentioned in this paper as characteristic for peaty soils, oligotrophic sandy
soils, Corynephoretum-vegetations and poor grasslands, are considered to be stenotopic
species of poor sandy, open areas. Note, that the collected data are obtained independently
of this characterization!

To find out whether or not the heath species caught at road-side verges are more
commonly occurring in the Netherlands than species present at the poor sandy, open areas
the data base of the Dutch Carabidological Association is used. In this data base all known
catches of carabids in the Netherlands are recorded. From this database it is possible to
establish in how many cells of 10 by 10 km in the Netherlands each species is occurring. The
data used here for comparison to our, independently collected, data, are all catches obtained
since 1975 (336 species), in 391 out of the 448 cells 10 by 10 km of the Nethertands. Since
15-20 years earlier reclamation of the heathlands came to an end, the first extinctions of local
populations in small and isolated heathy fragments might have occurred in that period (den
Boer, 1990), so that species, which recently became rare due to habitat fragmentation, are
included.
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Relationship between species of open poor, sandy areas and of road-side verges

In 1990 a single location, the Caitwickerzand and the road-side verges of the highway
Al bordered by forest, was selected for some carabid species to study the relationship
between a poor, sandy, open area and the road-side verges more in detail. The purpose of
this part of the experiment was (o find out under what circumstances and over which distances
a corridor function of the road-side verge might be expected. The abundances of some
stenotopic species of this area were established at different distances from it at the road-side
verge. Size and width of the poor sandy strip at the road-side verge and the type of vegetation
was taken into account.

The Caitwickerzand is a former drift sand area, which now is mainly covered by lichens
and some short grasses. At some places Calluna vulgaris is spreading. This area was selected,
because it has an almost open connection with the road-side verge. The barrier effect of some
pine trees, which in all studied areas were present in the transition-zones, was expected to be
low here. The results, obtained in the first year, indeed did suggest so.

A series of pitfall traps was introduced from this former drift sand area towards the road-
side verge and continued for 400 meters along this road-side verge. In order to increase the
chance to catch beetles, widened pitfall traps were used. A widened pitfall trap consists of
two plastic cups with an iron fence of one meter in between. In this experiment the beetles
were caught alive in dry traps. At fixed distances three of these widened pitfall raps were
placed, which were operating from the beginning of April till the end of September.

During the study period the numbers of carabid beetles caught, which belonged to species
stenotopic for poor sandy, open habitats, were recorded, except Harpalus neglectus, which
is difficult to distinguish by bare eye from other species. To compare the stenotopic species
to the more eurytopic ones, all specimens caught of the genus Calarhus, which can easily be
recognized, were also recorded.

Data analysis

For the elaboration of the collected data, some tests from the standard statistical packages
SPSS/PC+ V2.0 (Norusis, 1988) and Genstat 5. (1987) were used. To check how far
distance and the two independently varying structural features of the road-side verges at the
Caitwickerzand, width and vegetation, were related to each other, a correlation-matrix, based
on the Pearson product-moment correlation (Sokal & Rohlf, 1981) was constructed. A one-
tailed t-test was vsed to check the statistical significance of these correlations. The results are
presented in Table 2.1, On the entize road-side verge a strip was present that had similar soil
and vegetation characteristics as the Caitwickerzand itself. Therefore width of this strip was
taken into account to represent size of the potential habitat patch. Similar correlation-matrices
were used both to find out whether or not the species present showed relationships among
each other, and to establish which species were somehow related with the independent
variables. To specify the correlations found, Multiple regression analyses were used both for
each of the 3 independent variables separately (marginal factors), and for the 3 independent
variables together (conditional factors). As the numbers of beetles caught were varying
highty, in this analysis these numbers were expressed as logarithms. Sigaificance was given
as F-probabilities.
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Table 2.1. Correlation-matrix of three independent variables of the road-side verge at
the Caitwickerzand: distance in meters from the former drift sand area, width of the poor
sandy strip on the road-side verge, and the vegetation, which is split in 4 dominant plant
species, Festuca ovina, Corynephorus canescens, young Pinus sylvestris and Cailuna
vuigaris. Only presence or absence of these plant species at the sampling sites is
recorded.

distance 1.0

width -% i.0

vegetation------cmmcmmmm -
Festuca 1.0

Coryn. S 1.0

Pinus 1.0

Calluna +* -% 1.0

distance width Festuca Coryn. Pinus Calluna

* P<0.05; ** P<0.0l; -negative relation; +positive relation

RESULTS
The presence of stenotopic species from poor sandy, open habitats

For the Netherlands as a whole, 43 species are considered as characteristic for poor
sandy, open habitats. At the 10 sample locations 29 carabid species of them were caught.
These catches are expressed in Table 2.2. 27 species were found near the road (Table 2.2,
borderzone and road-side verge, in which the road-side verge is defined to be at a distance
of at least }00 m from this borderzone). Although not caught at the road-side verge in 1989,
in the experiment of 1990, Cicindela hybrida was also found at the road-side verge. This
leaves only one species which may be regarded to avoid roads and road-side verges. On the
road-side verge itself, at a distance of 100 meter or more from the borderzone, still 23
species were found. Some of these species were not caught at an open sandy site. Most of
the latter species were caught at the 5 road-side verges that were not adjacent to a poor sandy,
open area. Some species, although they are known to be stenctopic for poor sandy, open
habitats, were also caught in the forest or at the field edge, close to the road-side verge. It
is not known whether or not these beetles originate from the road-side verge or from the poor
sandy, open area. When the numbers caught at these disparate sites are very low (< 10%) as
compared to the numbers occurring at the road-side verge and in the poor sandy, open area,
they are considered to be strayers from the nearby heathy habitat. Sometimes strayers can be
caught at a distance of 100 meters from their habitat (Bauer, 1989), but most of the pitfall
traps in which these catches occurred were only 10 meters or less from the poor sandy, open
habitat.

In Table 2.2, the species are also classified according to the wing form and flight
capacity as well as to their dispersal group {van Huizen, {980; van Huizen & Aukema, 1992,
den Boer, 1977). 1t is striking that all species, which were caught at the road-side verges
only, were macropterous and had a high or unknown/uncertain dispersal power. In Table 3
the species caught as belonging to the different dispersal groups are compared with the habitat
restrictions at the different kinds of road-side verges. In the toprows, the beetles are arranged
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Table 2.2. Distribution of stenotopic carabid species of heathlands in the research arcas. The
figure above illustrates the general picture of an open poor sandy area (heathy area) connected
(borderzone) to the road-side verge. Between borderzone and heathy area in most cases some
trees are present.

borderzone road—snde verge

heathy
area

carabid species
of heathlands and/or caught in :
drift sands

wing
road -|{surroundings | form
Heathy |border|side open and |disp.
name of the species area |[zone |verge |forest| field|f.cap. |group

Cicindela hybrida
Cicindela sylvatica
Amara infima
Bembidion nigricorne
Calathus ambiguus
Cymindis macularis
Amara equestris
Cicindela campestris
Harpalus servus
Harpalus neglectus
Masoreus wetterhalli
Trichocellus cognatus
Acupatlpus dubius
Amara curta

Amara lucida

Harpalus solitaris
Notiophilus aesthuans
Notiophilus substriatus
Bradycellus ruficoilis
Miscodera arctica
Notiophilus germinyi
Pterostichus lepidus
Oiistophus rotundatus
Carabus arvensis
Pterostichus minor
Agonum sexpunctatum
Harpalus latus
Pterostichus diltigens
Cymindis humeralis
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# kind of habitat whare specinrens wera caught Disp. group: d|sgnrsﬂ gmp a:cunﬂng to den Boer (1977) & pers.comm.
+ caught in the surroundings, but 10% or Tess than the mean catches in the
other pitfall treps in the same arsa. Mgh d!sqnsﬂ pmner
Wing form : N = macroptaerous, 8 = brachyptarous, D = dimorphic. = dispersal power uncertain
f.cap : Flight capacity, + = caught in window traps or cbserved in flight u = disparsal power not mentioned By den Boer
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in the dispersal groups according to den Boer (1977). At the bottom of Table 2.3 the specics
are mentioned which sofar are unknown te fly. By excluding the macropterous species in this
row teo, the chance that the beetles are able to fly, but sofar are not caught or seen during
flight, is reduced. However, for some wing-dimorphic species, it is known that some
specimens are able to fly (for example Prerostichus minor in Table 2.2). In the last row of
this table dimorphic species, which sofar have not been caught during flight, are included.
Species that were caught outside the poor sandy, open habitat in more than 10% of the total
catches, during this study are regarded as being less dependent on this habitat type. Therefore
they are also excluded from the last category. This only leaves the species which are highly
dependent on the poor sandy, open habitat for survival and dispersal at the bottomrow.

Table 2.3. Distribution of numbers of carabid beetle species, restricted to poor sandy
open areas over dispersal groups, as distinguished by den Boer (1977), over the
investigated road-side (r-s) verges and heathy areas.

Dispersal Power numbers of species present
(den Boer 1977
& pers. comm. } in the past| connected poor sandy

isolated | connected r-s verges open areas &
r-s verges|r-s verges jnarrow { broad | borderzone

Tow (A) 1 2 4 6
high (B) 1 2 6 6 6
uncertain (C} 2 1 1 4 3
not mentioned (U) 3 4 7 7
total heath

species caught 7 9 7 21 22

not macropterous,
not caught in

window traps and 1 1 1 5 7
less than 10% in
the surroundings

isolated or conmected »efers ta the presence or absence of a poor sandy, opzn area to which the road-side varge is or s not connected. narrow
road-sida verge are 6 maters or less wide, broad road-side verge are 10 meters or more wide. 1f not mentioned, the r-s ges wera broad. Species
which are not macroptercus, and from which no specimens have been caught in window traps {wing-dimorphic species with a high parcentage of flying
s:m:irlaﬂs), neither hive been caught during this experiment more than 10% outside tha fnw sandy and open habitat, are Tisied in the last row.
The pacrest disparsers are found in the pooy sandy, open greas and ai borderzones as well as at the wide road-side verges connected to such areas.
The same holds for the total nusber of stenotopic species, The single species 1n the botten raw of Table 2.3, present at both the isclated and
the narrow road-side verges, was Motiophilus germinyi, a species which is wing-dimorphic and shows some tolarance for forest borders [see Table
2.2). The last equally helds for Pterostichas Tepidus, which was 2150 caught at road-side verges connected to ﬂum‘ sandy, opan areas in the past.
Furthernare, species that are known ta be gaod dispersers wers caught in the samwe nuwber of species in the poor sandy, open areas, in the
borderzones, and at both the broad and the narraw connected road-side verges.

Tables 2.2 and 2.3 showed that, when the soitable site is large and sufficiently connected
o poor sandy, open areas, carabid species of this habitat type can be present at road-side
verges. In the following, it is questioned whether on not only the most common species are
usually found at the road-side verges. Therefore, the stenotopic species caught in the study
areas were ranked according to the number of 10 by 10 km cells in which each species was
caught in the Netherlands since 1975. Species ranked in this way were divided in 9 classes.
In the first class are the species occurring in 20 or less cells, in the second class those
occurring in 21 to 40 cells, and so on. Figure 2.2 presents the results of this classification
for the species caught in the poor sandy, open areas (heathlands), at the borderzones between
the road and these areas, and at the road-side verges at a distance of at least 100 meters from
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