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INTRODUCTION

In 1963 a number of Dutch ecologists, working on surface-dwelling ter
restrial arthropods, decided to discuss their main research problems in the
hope that some co-operation would emerge. It soon appeared that many
problems are concentrated around the possibilities and difficulties of pitfall
trapping. Apart from the need to automate pitfall trapping it was realized
that an increasing degree of standardization of this sampling technique was
required to improve the possibilities for quantitative comparisons.
Consequently, as a first step, a simple experiment was carried out in 1964:
Seven comparable deciduous woodlands, in different parts of the Nether
lands, were sampled continuously throughout the year in a manner which
was as standardized as possible. Since dispersal was one of the topics of
interest one of the sampling sites was a young poplar wood (Populus spec.)
in the 'Zuider Zee' polder O-Flevoland which was drained in 1957. The
wing-di(poly)morphic carabid beetle species sampled at this site had a very
high proportion of full-winged individuals. These findings accentuated again
the significance of carabid beetles as indicators in studies on dispersal phe
nomena — within the same area constantly macropterous, constantly brachypterous and wing-polymorphic species of the same genus may be found.
It was realized that it would be important to follow from the very beginning
the immigration of carabid beetles (and of some other arthropods), with the
resulting founding of populations, in the 'Zuider Zee' polder Z-FIevoland,
which was to be drained within a few years. One of us (J. HAECK) decided to
take up this investigation and when in May 1968 Z-Flevoland was drained
the immigrating carabid beetles were sampled immediately.
Stimulated by another of us (VLIJM) a comparable investigation (not only
on carabid species) was started in the spring of 1969 in the polder 'Lauwerszee', which had just been drained (J. MEIJER).
When the first results from Z-Flevoland, together with some findings on
dispersal from Drenthe, became available we wanted to discuss our data and
ideas on wing-polymorphism and on dispersal with some foreign specialists.
Hence, we decided to organize a symposium on the dispersal and dispersal
power of carabid beetles at the Biological Station, Wijster, and to ask Prof.
Dr. H.J. VENEMA, soon to retire as director of the Biological Station, to join
our symposium as our guest of honour.
We were very agreeably surprised that everyone asked to join our sym
posium promised to come. The generous grant from the Agricultural Uni
versity at Wageningen prevented financial worry and enabled us to con
centrate on the papers and discussions. We are very grateful for this and
thank Prof. Dr. H. C. D. DE WIT (Wageningen) for being our advocate to
7

the board of Governors of the Agricultural University.
Under these favourable conditions, together with the lively interest of our
guests from abroad in our problems, and under the inspired chairmanship of
Prof. Dr. L. VLIJM, our symposium was predestinated to become a source of
inspiration for the Dutch participants. Last, but not least, we are much
indebted to the board of directors of the 'Miscellaneous Papers' who decided
to publish the whole of the symposium, and to Mr. G. BOELEMA for his most
valuable technical help to the edition.
P. J. DEN BOER

Before leaving for the excursion on November 5th.
From the left to the right: VLIJM, VAN DER AART (hearer from Leiden University), LINDROTH, STEIN, WIJMANS, HENGEVELD, PALMEN, VAN DIJK, RICHTER, VENEMA, MOOK,
THIELE, TJALLINGII (hearer from Groningen University), DEN BOER, HAECK, NEUMANN,
MEIJER.

8

PARTICIPANTS

Prof. Dr. C. H. LINDROTH: Zoological Institute, University of Lund, Sweden.
Dr. U. NEUMANN: Zoologisches Institut der Universität zu Köln, Deutsch
land. Present address: Klappengasse 44, 6707 Schifferstadt.
Prof. Dr. E. PALMÉN: Zoological Institute, University of Helsinki, Finland.
Prof. Dr. W. STEIN: Institut für Phytopathologie der Universität zu Giessen,
Deutschland.
Prof. Dr. H. U. THIELE: Zoologisches Institut der Universität zu Köln,
Deutschland.
Dr. P. J. DEN BOER: Biological Station, Wijster, of the Agricultural Univer
sity, Wageningen.
Drs. TH. S. VAN DIJK: Biological Station, Wijster, of the Agricultural Uni
versity, Wageningen.
Dr. J. HAECK: Institute for Ecological Research, Arnhem, of the Royal
Dutch Academy of Sciences, Amsterdam.
Drs. R. HENGEVELD: Biological Station, Wijster, of the Agricultural Uni
versity, Wageningen.
Drs. J. MEIJER: Zoological Laboratory of the Free University, Amsterdam.
Dr. J. H. MOOK: Institute for Ecological Research, Arnhem, of the Royal
Dutch Academy of Sciences, Amsterdam.
Drs. C. J. J. RICHTER: Zoological Laboratory of the Free University,
Amsterdam.
Prof. Dr. H.J. VENEMA: Laboratory for Plant Taxonomy and Plant Geo
graphy of the Agricultural University, Wageningen, director of the
Biological Station, Wijster.
Prof. Dr. L. VLIJM: Zoological Laboratory of the Free University, Amster
dam, chairman of the symposium.
Drs. S. Y. WIJMANS: Zoological Laboratory of the Free University, Amster
dam.

9

PROGRAMME

November 3 :
1. Opening by VENEMA.
2. MOOK: Observations on the colonization of the new IJsselmeer-polders
by animals.
3. HAECK: The immigration and settlement of carabids in the new IJssel
meer-polders.
4. MEIJER: Immigration of arthropods into the new Lauwerszee Polder.
5. LINDROTH: Biological investigations on the new volcanic island Surtsey,
Iceland.
6. PALMEN : Translocations of insects in the archipelago of the southern coast
of Finland.
November 4:
1. RICHTER : Some aspects of aerial dispersal in different populations of wolf

spiders, with particular reference to Pardosa amentata (Araneae, Lycosidae).
2. NEUMANN : Die Ausbreitungsfähigkeit von Carabiden in den forstlichen Re

kultivierungen des Rheinischen Braunkohlenreviers.
3. THIELE: Wie isoliert sind Populationen von Waldcarabiden in Feld
hecken?
4. STEIN: Das Ausbreitungs- und Wanderverhalten von Curculioniden und
seine Bedeutung für die Besiedlung neuer Lebensräume.
5. DEN BOER: On the dispersal power of carabid beetles and its possible
significance.
6. VLIJM: Some reflections on dispersal.
November 5:
Excursion to East- and South-Flevoland.
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OPENING ADDRESS

Dear colleagues,
A word of welcome to all of you. It is a great pleasure to me to welcome this
small, but select meeting. I ought to apologize, that it is a botanist who is
addressing you now, but it might be observed that I am a botanist with a deep
interest in entomology.
A few words concerning the history and the present activities of the Bio
logical Station at Wijster may have your interest. The Station began its
career in 1927, when it was founded by private initiative of Dr. W.
BEIJERINCK, a member of a well known family of scientists in Holland. In
1953, after BEIJERINCK'S death, it was incorporated in the University for
Agriculture at Wageningen, as a joint-institute to the Laboratory for Plant
Systematics and -Geography. To-day there is a small but pleasant laboratory
in which 3 entomologists and 1 botanist do research.
The study of living communities of plants and aminals in semi-natural
surroundings form the centre of all work done. In the laboratory research is
done on organisms which need a pure air, remote from the air pollution of
industries and cities. Phenology, microclimatology and pedology, cenology
(sociology), local bio-geography and ethology are studied as much as appears
desirable when handling certain biologically complex problems. The neces
sary physical and chemical analysis of soil and water samples is carried out in
other institutes.
The Wijster Biological Station studies, therefore, the distribution and
ecology of certain plants and animals in the Drenthe district. The Drenthe
district is one of the most interesting areas in Holland for research into the
subjects mentioned before, because of the presence of numerous so-called
'vennen' ; they are ancient holes or pools of ice-age origin, naturally, they are
biogeographically of great interest. The ecology of these areas, which offer
exceptionally low quantities of nutrition for plants and animals, and which
harbour highly specialized life-forms, represents a rich field for biological
research. These oligotrophy areas are disappearing as a result of the ubiqui
tous progress of industrialization and agricultural development and this pro
gress cannot be stopped. Therefore, it is urgent and desirable that these
studies are carried out now it is still possible. The aquatic environment,
however, is much neglected sofar, a most regrettable fact, which is due to the
absence of a hydrobiologist on the staff. On the other hand the forest of oakbirch, gymnosperms, the heath and the bog have received much attention.
The boreal and boreal-montane communities which proved to exist in
Drenthe are fascinating and unique in the Netherlands.
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As regards Cryptogams it was demonstrated time and again that Drenthe
is an exceptional rich field for research. New records for the Netherlands of
species of mosses, lichens and fungi were discovered at Wijster; there are,
among them, even some species new for Europe or new to science. Some
boreal species occur here, the only place in the Netherlands, which are absent
in southern Scandinavia but reappear in Central Sweden. In some respects
Drenthe appears to be of more boreal nature than Denmark or South
Sweden. I might add further particulars concerning the mycology of the
bogs, the sociology of the Juniper groves and their surprising microclimatic
factors, about the migration, habitat, and the life-cycle of several carabids
but I must not take too much of your time.
Be our heartily welcomed guests! Be assured that your visit is highly
appreciated and do rely on us and our wish to make your stay here as profit
able and successful as will prove to be possible.
H. J. VENEMA

Before we turn to the reading of our papers, I should like to say a few
words to you: Prof. VENEMA. It is a great pleasure to me to see you here at
our symposium, for I know that there were some serious difficulties that might
have prevented you from coming here. It must give you a special kind of
feeling to be present at this symposium in your new building of the Biological
Station as our guest of honour. I know that in September you reached the age
of wise men. Therefore, we should be glad if you would accept this sympo
sium as a kind of present on your seventieth birthday, especially because we
experienced that you are able to understand the difficulties which are en
countered by the field worker. Because of your broad interest in everything
that is connected with biological research in the field, I may hope that you
will be content with this present, but I must warn you: it cannot be ex
changed...
P. J. DEN BOER
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OBSERVATIONS ON THE COLONIZATION
OF THE NEW IJSSELMEER-POLDERS
BY ANIMALS
J. H. MOOK
1. INTRODUCTION

Large newly reclaimed areas give excellent opportunities to study dispersal
in terrestrial plants and animals. In the Netherlands large new polders have
been made four times during the last 40 years. From the beginning of this
vast enterprise the possibilities for biological research have been recognised
and research has been carried out in the different polders.
The polders were made in the Zuiderzee, an inland sea, which was turned
into a lake by the building of an enclosure dam in 1932. The water of this
lake, henceforward called IJsselmeer, became gradually fresh. In the map of
Fig. 1 the polders are shown with data on their size and the year in which
they became dry. It is noteworthy that the first two polders, Wieringermeerpolder and Noordoostpolder, are connected with the mainland, while the
polders Oostelijk and Zuidelijk Flevoland are separated from the mainland
by a lake. The last two polders are connected with each other. The con
struction of the dike of a polder takes about 10 years. The main canals in the
polder are dug before the pumping starts. During the pumping the bottom of
the shallowest parts (depth 1 m or less) will appear first. Some of the deep
est parts (up to 5 m) remain wet for years, because there is no connection
with the canals. Nevertheless large areas of (mostly) clay soil become dry
after a relatively short period (about half a year) and become available for
the colonization by terrestrial plants and animals. During the winter and
spring large parts of the polder may again become flooded by rainwater as
long as there are no ditches that can quickly carry off this water.
At first mainly botanical work was done in the polders. Descriptions of the
vegetation development have been given for the Wieringermeerpolder
(FEEKES, 1936) and the Noordoostpolder (e.g. FEEKES and BAKKER, 1954).
Zoological work started in the Noordoostpolder in 1942-44 (DAMMERMAN,
1949) but the work was seriously hampered by the war conditions. In 1955
zoological work was started again by the Institute for Ecological Research.
In the following discussion I will restrict myself mainly to the latter investi
gations, but it should be mentioned that other institutes have also studied
zoological subjects in the polders, e.g. the Biological Department of the State
Service for the IJsselmeerpolders, which till recently, also did the main part
of the botanical research. The work on rodents by that Department must be
mentioned, as well as the work on game animals by the Rijksinstituut voor
Natuurbeheer (Research Institute for Nature Management).
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The first stage of the investigations has always been the sampling of ani
mals in a polder to describe the distribution of these animals at different
times after drainage of the polder. The number of specimens of a species
that is present in a polder in a certain place at a certain time is the result of a
combination of processes (ELTON, 1927):
1. Dispersal : the movement by which the animals have reached the place.
The number of animals that reach the place depends on the qualities of the
animals themselves and on the distance and difficulties of the route.
2. Establishment: the living conditions in a place that is reached deter
mine whether the animals can survive and reproduce.
In most animals dispersal shows an active component, at least the initia
tion of the dispersive movement is an active one. But as the movement itself is
in most cases not directed to a certain goal, the territory reached may or
may not be suitable for survival. Animals that are able to test the environ
ment may leave a place that is unsuitable, so resume dispersal. Animals that
do not have this ability, or which show a completely passive dispei sal, cannot
influence their survival in this way. It can be assumed that an animal species
has established itself in a certain place when it completes its life-cycle there.
The immigration of natural enemies and their subsequent establishment
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may also be a factor of importance in the establishment and further develop
ment of a population of a certain species.
This is in short the background used in the investigations reported in the
following paragraphs.
2. OBSERVATIONS IN OOSTELIJK FLEVOLAND

a. Mammals
Oostelijk Flevoland became dry in 1957, but dike building started already in
1950. Some knowledge of the geographic situation of the polder is important
to understand the immigration by mammals. The polder is surrounded
by water; the shortest distance to the mainland is found along the south
eastern dike, where the width of the border lake is about 300 m in the north
ern part, increasing to 2300 m in the southern part (Fig. 1). This dike is
connected in three places with the old land i.e. by the bridges and sluices of
Roggebotsluis and Hardersluis and the bridge of Elburg. The latter was
constructed in 1959, while the first two were available from the beginning of
dike building in this polder.
The immigration of small mammals has been studied by VAN WIJN
GAARDEN and LENSINK (1956, 1959) and CAVÉ (1960) during the earlier

A recently cultivated part of Oostelijk Flevoland seen from a bridge over a canal. June 1970.

16

years of the development of the polder. Passive transport has been very
important for small mammals. Brown Rats, Rattus norvegicus (BERKENHOUT),
Longtailed Fieldmice, Apodemus sylvaticus (L.), Harvest Mice, Micromys minutus (PALLAS), and Common Voles, Microtus arvalis (PALLAS) arrived at the
dikes with ships that brought materials for dike building (stones, willow twigs
etc.). Rats and Field Mice could maintain themselves on the new dikes
without vegetation, but Common Voles could not settle there because they
need a vegetation for food and cover. It is thought therefore that the foun
ders of the vole population reached the polder later over the bridges and
spread along the grass-covered dikes (CAVÉ, 1960).
These small mammals probably did not swim across the bordering lake,
but for larger mammals like Hare, Lepus europaeus (PALLAS) and Roe, Capreolus capreolus (L.), swimming might be the principal way of reaching the pol
der. An individual of the latter species was actually observed swimming
across the bordering lake (VAN HAAFTEN, 1964).
Detailed information is available on the colonization of the polders by the
Mole, Talpa europaea L. HAECK (1969) studied the motivation for dispersal,
and the ways of migration to the new territory and establishment.
Fig. 2 shows the distribution of moles in Oostelijk Flevoland in 10 consecu
tive years. It is evident that the spread is very slow. At first the moles
occurred only on the dikes even after the polder became dry in the spring and
summer of 1957. The colonization of the land inside the dikes started in 1959.
The moles tended to follow the verges of roads and banks of ditches, pre
sumably because the soil is looser and more easy to dig in, probably also
because the soil fauna is richer there. The spread of the moles is not in the
first place hampered by the scarcity of food animals (mainly earthworms) for
these animals were found to spread faster than the moles. The reason is to be
sought in the behaviour of the moles.
In the bordering lake a number of new islands were made out of soil from
the bottom of the lake. On three of these islands in the northern part of the
lake (Fig. 1), which are about 100 m offshore from the old land, moles were
present regularly, while the islands in the southern part of the lake, situated
more than 1000 m from the old land, were free from moles and their tracks
during the whole period of investigation. Information on the season of disper
sal and the inducement to disperse was gained in a field experiment on two of
the northern islands (I and III). The islands were sampled regularly during
several years. In July 1961 mole runs were present on both islands. An effort
was made to catch all moles in August and September of that year and indeed
no new mole runs appeared during the following winter. In July 1962 again
signs of mole activity were found and in August and September respectively
6 and 9 moles were caught. This procedure was repeated in the two following
years (Table 1). The table shows that the dispersal occurs somewhere in May
and June and that the dispersing moles are not only able to swim a distance
of 100 m, but that they regularly do so. A further important outcome of this
17

TABLE 1. Presence and numbers of moles caught on islands I and III in the Veluwemeer
(+ = moles present, — = no moles present).
Tear

1961

1962

1963

Month

IV VII VIII,IX X-V VII VIII,IX X-V VI

Island I
Island III

++
— +

19
5

—
—

+
+

6
9

—
—

+
+

1964

VII-IX X-V VI
10
5

—
—

+
+

VII-IX
14
13

experiment is that in 1961 young and old moles were caught, whereas the
moles caught in later years all proved to be young, born in the spring of the
same year.
The conclusion that it are the young moles that disperse, is supported by
the analysis of data on dead moles found on roads. These casualties show a
high peak in numbers from the end of May till the beginning of July and the
traffic victims found in this period are almost all young ones.
From this evidence one can suspect that the dispersal is caused by one of
two different mechanisms. Either there exists, in the young moles, an urge
to disperse before settling down, or the dispersal could be caused by popu
lation pressure in the place where they were born. With the use of radioactively tagged moles HAECK showed that in winter the old land is divided up in
home ranges of individual moles and he also found some evidence that these
home ranges are defended against intruders. The most probable explanation
for the dispersal therefore seems to be that after having lived for a period in
their mothers' territory, the young moles are no longer tolerated and are
forced to move out. They have to search for a place not yet occupied by
other moles and they are apt to settle in the first free place they find. This
would account for the slow spread at the border of the occupied area, where
new places are easily found.
Considering the distribution of moles in 1956 (see Fig. 2) it seems probable
that the polder dikes were first reached by moles swimming across the border
lake. The dike leading from the old land to the sluice and bridge of Hardersluis was populated slowly by moles and the bridge was crossed three years
after it was reached for the first time.
As to the establishment of the moles, HAECK'S investigations on the distri
bution of moles in the Noordoostpolder in relation to soil structure and soil
fauna showed that the moles prefer a loose soil (as it is found on the banks of
ditches and on verges of roads) and that home ranges are larger when the soil
fauna is sparse. In the Noordoostpolder also it has been found that the soil
fauna became established more rapidly than the moles.
Summarizing the evidence it can be said that moles disperse when they are
only a few weeks old, probably because they are forced out of their mothers'
territory and can not find a place nearby, because the land is occupied by
home ranges that are defended by their occupants. The young moles reach
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the polders in the first place by swimming across the bordering lake where it
is not wider than a few hundred metres, but also by crossing the bridges.
Establishment occurs as soon as a place is found where enough food is avail
able, but places with loose soil are favoured. Although food has to be avail
able, it is of no practical importance in limiting the spread, because the moles
disperse much slower than their prey.
b. Insects
The two species studied in Oostelijk Flevoland aie both phytophagous. In
the first place the Cabbage White Butterfly (Pieris brassicae L.) has been
investigated together with its most important parasites and hyperparasites
(MOOK and HAECK, 1965). Because the polder became dry in the summer of
1957, few plants occurred there during that year. But in 1958, the first year
that we could enter the greater part of the polder, plant growth was much
richer. One of the food plants of the caterpillars, Marsh Yellow-cress (Rorippa
islandica BORBAS) grew abundantly in the polder, especially on artificial
deposits of mixed soil, which were made before drainage. We sampled cater
pillars of the first generation of 1958 from Rorippa but also from Cabbage, of
which some small plots had been planted.
It is not surprising that the butterflies had reached every part of the polder,
for Pieris is a migrating butterfly. Larvae were found in all parts of the polder,
and nearly everywhere some of them were parasitised by the main larval
parasite: Apanteles glomeratus L. (Braconidae). The percentage parasitism was
lower in the centre of the polder, on the average: 54 %, than near the dikes
and on the old mainland, where it approached 100 % (Fig. 3).
We also sampled cocoons of Apanteles in different parts of the polder, to
study the distribution of hyperparasites. The important hyperparasites (three
ichneumonid and three chalcid species) were present in all regions of the
polder, some less abundant in the centre of the polder than near the dikes,
but others even more abundant in the centre.
The only plausible explanation for such a rapid immigration of Apanteles
and its parasites is that these small insects migrate passively through the air,
because it seems impossible that they could cover the distance on their own
strength. Aerial dispersal of small insects over long distances is well known,
but not all small flying insects disperse in this way. The species must have a
behaviour that enables it to make use of the aerial currents.
The second insect species studied in Oostelijk Flevoland has a quite differ
ent way of dispersal. It is a rather large Chloropid fly (length 7 mm). This
fly, Lipara lucens MG. lays its eggs on shoots of Common Reed (Phragmites
communis TRIN.) in June, after which the larva induces a cigar-like gall in the
top of the shoot. In this gall the larva remains during the whole winter till the
fly emerges towards the end of May.
For agricultural reasons reed was sown in large parts of the polder after it
became dry in 1957 and 1958. As a result the foodplant became very abun20

Fig. 3. Parasitism of Pieris brassicae larvae by Apanteles glomeratus in Oostelijk Flevoland in
June 1958. The numerals give the percentage of parasitized larvae. Underlined percentages
refer to larvae collected on cabbage. An x means that Apanteles was present, but that the
percentage of parasitism is not known.

dant in the polder. Most of this reed, growing on rich and moist soil, grew
very luxuriously and was not very susceptible to attack by Lipara (MOOK,
1967). It could be shown that the diameter of the reed shoot plays an impor
tant role in the selection of oviposition sites. Most eggs are laid on shoots
with a basal diameter of3|-5 mm. The young larvae have a greater mortali
ty on thick than on thin shoots. As a result most galls are found on shoots
with a basal diameter that is smaller than the preferred diameter, but this
tendency is counterbalanced to a certain extent by a higher susceptibility to
attack by a chalcid parasite (Stenomalina liparae GIR.) and to prédation by
birds, esp. Blue Titmice (Parus coerulea L.) of larvae on these thinner shoots.
In general it can be said that the species thrives best on reed growing in
21

suboptimal conditions. In very badly growing reed the densities are lower
again, but vegetations of optimally growing reed are decidedly unfavourable.
The species migrates very slowly. In 1955 galls were present in a few sites
along the polder dike of the border lake. Because the female flies cover only
small distances in flight, it is improbable that some of them have flown from
the reed along the border of the old land across the lake to the polder dike. It
is much more probable that some galls were transported with the water and
were washed ashore. The galls break ofT easily and experiments have shown
that even when galls remain in the water for 5 weeks the subsequent develop
ment of the larvae is not hampered. It is also possible that female flies
dropped in the water have drifted to the other side of the lake.
We do not know in which stage the species crossed the border lake, but it
is certain that it was not a regular phenomenon, because in the reed
vegetation bordering the polder dike galls were found in only a few places in
1955 and the gaps between these places were not filled up until 1958, and
this was mainly due to spread from the existing populations.
The reed on the sandy soil behind the dike in the north-eastern part of the
polder has also been colonised very slowly, although it was suitable for
establishment. Because the cultivation of the polder started here, a barrier
developed between this main centre of occurrence of the species and the
remainder of the reed vegetation of the polder. This barrier was not crossed
in a natural way. This situation gave us the opportunity to study the dispersal
of Lipara by founding populations in suitable and homogeneous reed vege
tations were the species dit not yet occur (MOOK, in preparation). About 100
fertilized female flies or 500 galls were placed in one site and the distribution
of offspring after one generation was studied by sampling the galls in the
following winter. No essential differences were found between populations in
which galls or in which fertilized females were used, an indication that the fema
les disperse after copulation. A study of the sexual behaviour of the flies lead to
the same conclusion (MOOK and BRUGGEMANN, 1968). Egg laying started one
or two days after copulation. A typical result of these experiments is given in
Fig. 4: a place where the distribution of galls was studied during two succes
sive generations. It is evident that in both generations the frequency distribu
tion over the distance from the central point differs from a normal distribu
tion : it is highly leptokurtic, showing too high densities near the centre and
also in the tail of the distribution.
The degree of kurtosis was not calculated with the normal procedure
because that method is very sensitive to incompleteness of the sampling area.
When some extreme values are unknown the kurtosis will be underestimated.
BATEMAN (1950) gives an empirical method that does not have this drawback.
It is based on the fact that a normal distribution can be represented by the
regression of log y on x2, because the normal distribution can be expressed
empirically as y = g ebl2, from which follows that log y = a-bx2 (wherexis
the deviation from the mean and a, b, and g are constants). If a distribution
22

Fig. 4. Liftara lucens, migration experi
ment G 23, Oostelijk Flevoland, 1962.
Distribution of galls with distance
from central point in which flies
were set free. Dots : after one genera
tion, Circles: after two generations.
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is leptokurtic the best fitting linear regression of log y on xn is found when
n <2. When for convenience a graph is made of log y on x (in our case log
density on distance) a straight regression line indicates a certain degree of
leptokurtosis (for n = 1). A concave regression points to a greater degree
of leptokurtosis and a convex regression line to a lesser degree of leptokurto-
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Fig. 5. Same distribution as in fig. 4 with altered scales.
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sis; a normal distribution will, if it is figured in this way, show a convex
regression.
In our case the regression of log y on x shows a concave regression; log
density is almost linearly correlated with the square root of distance (xJ),
wnich means a high degree of leptokurtosis (Fig. 5).
SKELLAM (1950) and WILLIAMS (1961) pointed out that even if insects
released from a central point move according to random walk (when they
move randomly and independently of each other and with the same distri
bution of velocities) so that they are distributed according to a circular
normal distribution at any moment during their life time, their offspring will
show a leptokurtic distribution if the parents wander during the period of
egg-laying. The distribution will be influenced too if a number of females
should die during the egg-laying period. The average number of egg-laying
females and the cumulative time they spend in a certain area will be smaller
the greater the distance from the centre.
We see that in principle the leptokurtic distribution of the galls can be
explained easily; but this does not mean that the females have moved accord
ing to random walk like simple diffusing particles. SKELLAM (1950) showed
that when there are differences in activity between the animals, their own
distribution will be leptokurtic. The degree of leptokurtosis will be maintain
ed when the relative differences in activity remain constant, but when the
activity of the individuals varies in time the relative differences over a
longer period will be smaller than in a short period with the result that the
degree of leptokurtosis decreases with time.
To investigate whether these theoretical considerations apply to Lipara
lucens we made a few experiments. It was difficult to mark the flies in such a
way that they could be found in a reed vegetation. We dusted the flies with
fluorescent powder and sought for them at night with an UV-light lamp.
Female flies were released at night because they are inactive when the temper
ature is low. The distribution of the flies after one day was highly lepto
kurtic. Too few flies were found back in following nights to test the kurtosis
of their distribution. Unfortunately the treated females had a shorter life
span in the laboratory than control females, so that it cannot be excluded
that the differences in activity between the flies are the result of the experi
mental situation.
Similar experiments were started with another slow moving animal, the
snail Cepaea nemoralis (L.). In one situation (a hedge of Alder trees) the
distribution of snails showed a high degree of leptokurtosis a few weeks after
they had been set free, but in another experiment (in a grass field) the degree
of leptokurtosis after one week was slight.
These experiments, though inconclusive, are mentioned here to show a
line of research that is still in progress. It will be worth while to continue
similar experiments because present evidence points to the existence of intraspecific differences in activity and dispersal power in widely different
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taxonomical groups (BATEMAN, 1950). This phenomenon is also important in
connection with the theory of gene dispersal, although in this respect the
distribution of the offspring of a parent is of greater importance.
This discussion has been restricted to short range dispersal as a result of
non-directed active movements of the animals. It will be interesting to see if
also in species with long distance dispersal a heterogeneity in dispersal activi
ty exists. In some groups (e.g. insects with wing dimorphism) this is evident,
but there may also exist more subtle differences. This is one of the points on
which we hope to get information by the observations in Zuidelijk Flevoland.
3. OBSERVATIONS IN ZUIDELIJK FLEVOLAND

Witli the reclamation of Zuidelijk Flevoland the investigations came into a
new phase. A larger number of animal species are to be studied in this polder
and more emphasis is to be laid on comparison between species.
Both botanical and zoological field work is going on in the polder. The
zoological work is concentrated on carabid beetles (which is dealt with by
HAECK in the next paper) and on some phytophagous insects. After two
seasons (1968 and 1969) it is of course impossible to give more than prelimi
nary conclusions, but as an introduction to the excursion on the third day of
this symposium it may be interesting to give some provisional results.

Zuidelijk Flevoland gradually became dry in the early spring of 1968 and
in May 1968 the whole polder was technically dry, but in the lower northern
areas much water remained standing on the soil surface and other large areas
became covered again with water during the next autumn and winter. At
first the soft heavy clay was almost impassable. From the end of May onwards
it was possible to visit the polder grounds some kms from the southern and
eastern dikes and from the end of July the centre of the polder could be
reached.
In the course of the summer of 1968 a vegetation developed. In most places
it consisted of about 15 plant species. For agricultural reasons Phragmites
communis TRIN. and (locally on artificial sand deposits) Lolium perenne L. were
sown by airplane in May 1968. Important pioneer plants that immigrated on
their own account were Senecio congestus DC., Ranunculus sceleratus L., Typha
latifolia L. and Scirpus marilimus L. In many places willows settled spontane
ously, among which the species Salix triandra L., Salix alba L. and Salix
viminalis L. were the most numerous.
To limit the number of phytophagous species to be studied we restricted
ourselves to insects living on reed and to gall forming and mining insects on
willows. We think that because galls and mines can be found on the host
plant a long time after they are induced, they are more practical to study
than insects that are present for only a short period. This is important when
a number of places have to be sampled, especially when they are as inac
cessible as those in the polder. Also because of the inaccessibility the number
of sample sites was restricted to about 6-10, all lying on a transect through
the centre of the polder in a SW-NE direction (see Fig. 1).
In september 1968 we sampled Hyalopterusprutii FABR., an aphid on reed,
and because aphids are renown for long distance migration, we were
surprised to find a sharp decline from SW to NE along the transect. This
sharp decline together with the long tail suggested a leptokurtic distribution

0
SW

5

10

15 km
NE

Fig. 6. Distribution of Hyalopterus pruni on reed along a transect through the polder Zuidelijk
Flevoland in September 1968. The distance is measured from the south-western dike. The
vertical line on the right represents the dike between Zuidelijk and Oostelijk Flevoland.
Dots: dry places. Circles: wet places.
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(Fig. 6). The decline was apparent only in reed growing in dry places and not
in reed growing in wet places. In the latter places the infestation was in
variably high. I am inclined to think that the data from dry places reflect the
initial situation just after the immigration period, and that this situation was
obscured in the wet places by a better population growth and by short dis
tance migration of alatae generated on reed.
Hyalopterus pruni deserves its name by overwintering on Prunus (domesti
cated and some wild species: e.g. Prunus spinosa L.) and by being present on
these plants the year round. After a few parthenogenetic generations alate
viviparous females migrate to reed, where a number of parthenogenetic
generations follow. In the autumn alate mature females are found living on
Prunus and reed, and males on reed. Males and mature females from reed
have to migrate back to Prunus, where the females deposit fertilized hibernat
ing eggs.
In consequence of this life cycle no Hyalopterus survives in the polder as
long as no Prunus is available. Thus the aphids have to migrate into the
polder every year from the old land or from the polder Oostelijk Flevoland.
This gave us the opportunity to study the migration of this species for at
least some years.
In June 1969 alate females were sampled along the transect in a short
period just after immigration. The mean density of these females was greater
in the South-west than in the North-east part of the transect. Furthermore it
is remarkable that, although the decline from South-west to North-east was
found in dry as well as in wet places, the number of alatae in wet places was
consistently higher than in dry places. There were also differences in the
subsequent giowth of populations in dry and wet places.
So far, the investigation was restricted to the recording of the numbers of
aphids found in different places and in different environmental situations.
The aim is, however, to find out the causes for this distribution. Because the
migration of Hyalopterus into the polder is a yearly phenomenon it will be
possible to test by field experiments the influence of factors like distance from
the old land, meteorological differences between sample sites and preference

Fig. 7. Distribution of galls of Rhabdophaga heterobia on Salix triandra
along a transect through the polder
Zuidelijk Flevoland in September
1969. Same presentation as in fig. 6.
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Zuidelijk Flevoland. Vege
tation in a wet part with
Typha angustifolia, Senecio
congestus and Catabrosa aquatica. June 1970.

of the aphids for reed growing under different water regimes.
On the willow species Salix triandra, S. alba and S. viminalis the distribution
of galls and mines was sampled along the transect in September and October
1969. For the different species different distributions along the transect were
found, suggesting that some species migrate rapidly (Pontania proxima
(LEPEL.), a Tenthredinid wasp on Salix alba), some more slowly (the gall
midge Rhabdophaga rnarginemtorquens (BREMI) on Salix viminalis) and others
very slowly (e.g. the gall midge Rhabdophaga heterobia (H. Lw.) on Salix
triandra). The distribution of the last mentioned species is shown in Fig. 7 ; it
will be interesting to record how rapid the decrease from the dikes to the
centre of the polder will be in following generations. The distribution of the
curculionid beetle Rhynchaenus populi, mining the leaves of S.triandra, suggests
that very few females of this beetle migrate over long distances in a period
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Zuidelijk Flevoland. Vege
tation on dry soil with
Reed, Phragmites communis,
and Willows, Salix sp.
September 1969.

before egg-laying, because although the mines are common outside the
polder, very few willows were found to be attacked along the whole transect,
but those willows that were attacked were rather heavily infested.
As in the case of the aphids on reed it will be necessary to distinguish
between influences of distance and of physiological and genetical differences
between the willows. To investigate the influence of soil composition and of
water level on insect attack, a field experiment is in progress in the polder
Oostelijk Flevoland in which genetically homogeneous plant material is
growing along a gradient ranging from dry sand to moist clay.
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SUMMARY

In this paper a survey is given ofinvestigations on the colonization by some
animal species of large newly reclaimed polders in the IJsselmeer. To under
stand the distribution of animals at a certain moment after a polder becomes
dry, both migration and establishment have to be studied. Research along
this line on mammals (especially the mole) and some insect species (the
butterfly Pieris brassicae and its parasites and the chloropid fly Lipara lucens)
is summarized. Work in progress on phytophagous insects attacking reed and
willows is also reported.
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DISCUSSION: DEN BOER, MEIJER, MOOK.
MEIJER questions the distribution of phytophageous insects in connection
with the distribution of the host-plants (Salix). The willow insects were
sampled in places where the density of willows was similar. Along the tran
sect the willows are concentrated around the sand deposits and along the
edge of a sandbank. Between these concentrations the density of willows is
very low. For our observations we used the concentrations. It is possible that
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Discussion. Behind the table: PALMEN, LINDROTH, THIELE, NEUMANN (not recognizable);
at the other side of the table: DEN BOER; at the extreme left: STEIN; in the background:
VAN DIJK and RICHTER.

the migration of the insects was influenced by the 'barriers' between the
concentrations.
DEN BOER asks what is known about long-range dispersal in the 'leptokurtic' animals. He points to the possibility that in these cases more individu
als may be dispersed over a large distance - e.g. passively with rising air
currents - than one is inclined to suppose, because a number of individuals
may be transported outside the area of observation in this way. It is possible
that heterogeneity in the dispersal activity can be found between individuals
that make use of only one type of locomotion (walking, flying), but in indi
viduals that have the possibility to use more than one way of locomotion
some may use a certain way more than others. Both types of differences may
of course be genetically fixed. In the case of Lipara lucens it is improbable that
some individuals move far from the experimental area, because in that case
the polder would have been colonized more quickly than it was found to be.
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THE IMMIGRATION AND SETTLEMENT
OF CARABIDS IN THE NEW
IJSSELMEER-POLDERS
J. HAECK

INTRODUCTION

Recently, in connection with other relevant facts on dispersal in popula
tions of carabid beetles, DEN BOER (1970) reported on a sample of carabids
from the new polder Oostelijk Flevoland. By pitfall-trapping during 1964,
seven years after reclamation of this polder, in a poplar-alder plantation 45
carabid species were found. Most striking in this sample was the very high
frequency of macropterous individuals in wing-dimorphic species. Comparing
these 45 carabid species with the situation in the old mainland of Drenthe no
significant differences were found in the relative frequencies of monomorphic
macropterous species and dimorphic species and of species originating from
unstable or from more stable environments, whereas only one individual of a
monomorphic brachypterous species was caught. From these data DEN
BOER concluded 'that the dispersal power of carabid populations depends
mainly on the availability of full-winged individuals and is apparently not
significantly influenced by the fact whether monomorphic macropterous or
wing-dimorphic populations are concerned and whether populations from
unstable or from more stable environments are involved'.
These results from 1964 could be checked by a study of the immigration
and settlement of carabids in the youngest IJsselmeerpolder, Zuidelijk Flevo
land, which ran dry in the spring of 1968. Therefore, since 1968 carabids are
sampled with pitfall traps (Figs. 1 and 2) at various places in the new polders
and in the border area, whereas flying animals are intercepted in window
traps (Figs. 3 and 4). In this way it is hoped to follow directly in the course
of some years the immigration of carabids and the foundation of new popu
lations. The catches from 1968 are sorted and identified for the greater part,
those from 1969 for a small part only. Consequently a first provisional sur
vey can be arranged. The catches are brought together in Tables 1 and 2,
the trapping stations are indicated on the map of the IJsselmeer-region
(Fig. 5). Moreover, in the beginning of April 1969 some pitfall traps were
placed in the former sea-bottom of Zuidelijk Flevoland under a piece of
netting, in order to exclude new immigrants and to sample only individuals
that hibernated on the spot as adults or as larvae (p.50, Table 7).
Preceding the discussion of the results a description of the trapping stations
is given here (see Tables 1 and 2, and Fig. 5).
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Fig. 3. Window trap. Zuidelijk Flevoland, September 1969.

t ig. 4. Detail of a window trap.
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Fig. 5. Southern part of IJsselmeer region. Polders with year of draining, x trapping
station (explanation of numerals in text).

DESCRIPTION OF THE TERRAIN

In October 1967 the dike encircling 44.000 ha of IJsselmeer was closed,
and during the following winter and spring the water was pumped out and
the new polder Zuidelijk Flevoland gradually fell dry. Before we could enter
this muddy plain some trapping stations were installed in the bordering area,
viz. in the polders Oostelijk Flevoland (fallen dry 1957/58) and Noord-Oost
Polder (fallen dry 1941/42) and on the old mainland. The following des
cription is arranged according to the sequence in Table 1 :
St. 1. At about two to three km from the eastern dike we find a slight elevation
of the terrain, a large shell-bank named 'De Knar'. On June 14, 1968 I placed 5
formol-funnels (diameter 15 cm) there. Four of them were placed between a cross
of stainless-steel plates in order to increase the catch by guiding the animals towards
the traps (Fig. 6) ; for comparison the fifth was dug in separately. In June this
spot was very dry and bare, from July onwards gradually covered with a sparse
vegetation of a.o. Phragmites communis, Ranunculus sceleratus, Senecio congestus and
Polygonum nodosum, at the same time growing more wet again. In 1968, because of
flooding and other disturbances, the catch from this station was very meagre. In
the autumn and winter of 1968/69 the polder was for the greater part covered with
water (2-20 cm) with the exception of some shell-banks (also station 1), artificial
soil deposits (see below) and the banks of the canals.
St. 2. On July 19, 1968 we walked straight across the polder and placed 5 funnels
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Fig. 6. Four funnel traps arranged in a cross. Zuidelijk Flevoland. June 1968,

in a somewhat elevated sandy place in the centre of the polder (7 km from the
western, 10 km from the eastern dike). Before the pumping dry, at some special
places in the polder such deposits of sand or clay, dredged from the lake-bottom,
were made, e.g. for future road construction purposes. These soil deposits were
sown with grass in May 1968. At st. 2 the grass cover was very sparse.
St. 3 and 4. On 28.5.1968 I installed two stations, one just across a canal, in the
soft but just passable clay of the canal bank, 1.5 km from the western dike, the other
on some dumped and more dry clay soil, J km from the western dike (Figs. 7 and
8). The traps at st. 3 suffered occasionally from flooding. In June the clay was
bare, at the end of the growing season rather sparsely covered with the plant
species mentioned at station 1.
St. 5. On 12.6.1968 I placed 5 traps right at the foot of the dike, 3 between the
young vegetation (Senecio congestus, Ranunculus repens, R. sceleratus, Typha latifolia,
Epilobium hirsutum, etc.), 2 in bare sand.
St. 6. In 1969 the traps at st. 1 remained at the same place, but the vegetation
was much more dense and the catch much better.
St. 7. At st. 2 the traps also remained in place in 1969, the grass vegetation did
not change much.
St. 8. In 1967/68 a small island was made in the Veluwemeer by sand pumped
from the lake-bottom. As soon as we could set foot on this new piece of land, in the
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Fig. 7. Trapping station 4, May 28, 1968. The slightly elevated clay-deposit is just dry,
the surroundings are still wet.

Fig. 8. The same place as in Fig. 7 in October 1968. A dense vegetation of a.o. Aster tripolium (flowering), Senecio congestus and Tussilago farfara (young). In the background some
willows and window traps.
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spring of 1968, we dug in some funnels. Because of the blowing sand the catch was
very small there.
St. 9. Another island was made in 1964. 5 traps were in operation there from
September 1967 up to September 1968 on the dike covered with dense grass. The
distance from the old coast for both islands is about 1 km.
St. 10 and 11. In Oostelijk Flevoland (section Z 74, 75 and 76) a reserved terrain
is destined for ecological research. In 1968 5 traps operated there in grassland on
clay, sown after ploughing in August 1967 (st. 10). St. 11 operated in 1969 in a
very young plantation of deciduous trees, planted in 1967 and '68. The grass cover
in st. 10 was rather sparse, st. 11 was almost bare sand with some reed, grass and
mosses.
St. 12. 5 traps were in operation in 1968 at the end of the dike of the Marker
waard, made in 1963. The dike, covered with clay dredged from the lake-bottom
was sown with grass in 1964.
St. 13. At stretches along the dike of Zuidelijk Flevoland future recreative
grounds are made, dredged from the lake-bottom. Station 13 (5 funnels) is situated
in a dense thicket of deciduous shrubs and trees planted in 1963. The width of the
lake between mainland and polder is here about 600 m.
St. 14. This station (5 traps) is placed in a reserve of dry degenerated reedland
(Oostelijk Flevoland-section D 6). The reed in this polder was sown in 1957 and
'58, forming after some years a very dense growth. Later on the Phragmites-stand
was mixed with a.o. thistles, Phalaris arundinacea and Epilobium species and has a
closed moss-layer.
St. 15 is the sampling place described in DEN BOER (1970): O. Flevolandsection N 60, a poplar-alder wood planted in 1958, some 250 m from the dike
which was made five years earlier and closed in 1956. The width of the lake is here
about 700 m. From March 1964 - March 1965 we sampled there the surface-fauna
with ten traps; the carabids were identified and operated by DEN BOER.
St. 16 is the same site as st. 15, but sampled in 1968 with five funnels. Since
1964 tree-crowns are more closed and the vegetation has somewhat changed: less
Phragmites and Tussilago farfara, more Urtica dioica and grasses.
St. 17. A mixed wood (oak, ash, alder, spruce) in the Noord-Oost Polder, near
the former island of Schokland, planted in 1954.
St. 18. A stand of about 10-year old poplars planted in an old alder-coppice on
the estate Salentijn near Nijkerk.
At all stations the funnel traps were emptied every two weeks, except at st. 2,7
and 9, which were visited once a month, and st. 15 which was sampled weekly in
1964/65.
From June up till October 1968 moreover some window-traps operated, two traps
at st. 12 (which I hoped to give some impression of the insects flying over the
IJsselmeer), and eight traps at st. 4. In 1969 we had 4 window-traps at 5 places
each; only the catches of st. 4 and 6 are already identified. The traps are of the
type described by SOUTHWOOD (1966): a wooden frame with a glass-plate of
100 x 60 cm vertically placed in a gutter of 100 X 20 cm filled with 5 % formalin,
catching flying insects at a height from 100 to 160 cm above soil level (Figs.- 3 and 4).
The catches of these traps were collected twice a week in 1968, once a week in
1969.
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RESULTS

1. Habitat of origin
In Tables 1 and 2 each species has been given an indication for its dynamic
group and for its ecological group. The first indication according to
LINDROTH (1945), supplemented for the situation in the Netherlands by data
of DEN BOER; the second indication is based upon DEN BOER'S preliminary
classification of carabids from the Dutch mainland (mainly in Drenthe),
supplemented by some data from the literature. Of course, this indication of
the main habitat is very rough and simplified, but I hope its usefulness for
our purpose will be shown below.
From Table 1, which contains the catches of the carabid species at the
various trapping stations, some groups of species may be discerned: a. a
group of species occurring only in the polder Zuidelijk Flevoland, b. species
caught in Zuidelijk Flevoland and in the (regarding an undisturbed develop
ment) youngest part of Oostelijk Flevoland (st. 1-12), c. species caught in
nearly all stations in Oostelijk Flevoland, d. species occurring in a broad
range of habitats, and e. a group confined to the mainland wood (st. 18).
Striking in this table is the preponderance of riparian species in the upper
part (a), the high frequency of species from arable or ruderal land in the
mid-region (b,c), and those of woodland species in the lower part of the table
(d3, d4, e). This is, of course, the effect of the sequence of trapping stations:
1-9 'riparian', 10-12 'arable', 13-18 more or less 'woodland'.
The percentage occurrence of species from the various ecological groups
at different groups of trapping stations is summarized in Table 3. In com
parison with Drenthe we do not find important differences, both for the older
(more stable) part of Oostelijk (and Zuidelijk) Flevoland (including the
wood N-60, sampled also in 1964) and for the woods sampled in the NoordOost Polder and on the mainland. On the other hand, for the catches from
the window traps and those from Zuidelijk Flevoland we find much greater
frequencies of riparian species and smaller ones of woodland-species, and for
the catches from the islands and from the newest (less stable) part of Oostelijk
Flevoland especially more species from arable or ruderal land are found.
When columns V and 'a' in Table 3 are taken together as the frequency
of 'species from unstable environments' and the columns 'h', 'w' and 'b' as
the frequency of the 'species from more stable environments', we may com
pare our results with those from DEN BOER (1970). In agreement with DEN
BOER'S conclusion on the 1964-data, we do not find a significant difference
between the data from all kinds of environment in Drenthe and our data
from the 'old part' of Oostelijk (and Zuidelijk) Flevoland (-/2 = 0.024, p ->1)
as well as with our data from the woods sampled in the Noord-Oost Polder
and on the mainland (^2 = 0.825, p & 0.60). However we found a highly
significant difference between Drenthe and the data from the window traps
(-/;2 = 14.3, p < 0.001), the data from Zuidelijk Flevoland (-/2 = 11.9,
p äs 0.001), the data from the islands (y2 = 8.16, p «a 0.01) and the data
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TABLE 2. Total number of carabids caught in window traps. (Indications of dynamic and ecological
groups as in Table 1.)
Station and year
Species

Bembidion varium Ol.
Trechus quadristriatus Schrk.
Bembidion rupestre L.
Amara convexiuscula Mrsh.
A. majuscula Chd.
Stenolophus mixtus Hbst.
Trechus discus F.
Bradycellus verbasci Dft.
Bembidion assimile Gyll.
B. ustulatum L.
Bradycellus harpalinus Serv.
Bembidion quadrimaculatum L.
Amara plebcja Gyll.
A. familiaris Dft.
A. aenea Deg.
A. spreta Dej.
A. famelica Zimm.
Agonum muelleri Hbst.
Bembidion guttula F.
Agonum thoreyi Dej.
Bembidion bipunctatum L.
Elaphrus riparius L.
Anisodactylus binotatus F.
Amara similata Gyll.
Bembidion iricolor Bed.
B. biguttatum F.
Acupalpus dorsalis F.
Amara bifrons Gyll.
Dyschirius luedersi Wagn.
Harpalus smaragdinus Dft.
Pterostichus nigrita F.
Number of species
Number of individuals

Dynamic
group
m
m
m
m
m
m
m
m
d
d
d
m
m
m
m
m
m
m
d
d
m
m
m
m
m
m
m
m
m
m
m

Ecological
group

4
1968

12
1968

r
a
r
a
a
r
r
h
r
r
h
r
w
a
a
h
r
a
r
r
r
r
a
a
r
b
r
a
r
h
r

21
218

8

-

46
51
6
33
10
7
3
4
2

6
1969

4
1969

Total

22

209

-

-

-

5

21

-

101
10
2
19

252
226
106
77
53
40
34
29
18
15
13
7
7
5
5
4
4
3
3
2
2
2
2
2
1
1
1
1
1
1
1
31
918

-

1
-

11
-

1
9

-

14
1

-

-

8
10
11

-

-

-

1

2

-

-

-

-

-

-

-

-

5
5
3
5
2
4
3

3

-

-

-

-

-

-

-

-

1

-

-

1

-

2
1

-

-

-

-

-

.

-

2
1
2
2
2

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1
1
1

18
411

6
51

8
47

23
409

-

-

-

-

-

-

-

-

1
1
1
1

from the 'new part' of Oostelijk Flevoland (x2 = 8.19, p
0.01).
From this we may conclude that the new unstable environments are at
first invaded by species predominantly originating from unstable environ
ments. The difference with Drenthe is greatest for the catches from the
window traps, viz. the animals taken during the act of migration (Table 2).
It is important to note that many species from more stable environments do
indeed also show migration although to a lesser extent than species from
unstable environments. But their intensity of migration seems to be sufficient
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TABLE 3. Percentage of carabid species originating from different environments caught at various
groups of trapping stations. (Environment of origin as indicated in the caption of Table 1.)
'Ecological groups'

Group of stations

Total
number
of species

r

a

h

w

window traps

54.8

29.0

12.9

3.2

0

31

Zuidelijk Flevoland (st. 1-7)
new islands (st. 8+9)
Oost. Flevol., new part (st. 10-12)
Z. + O. Flevol., old part (st. 13-16)
O. Flevol.-N60, 1964 (st. 15)
O. Flevol.-N60, 1968 (st. 16)
N.O.Polder + mainland
(st. 17+18)

52.2
35.9
33.3
25.4
22.2
23.3

22.4
35.9
35.2
21.8
26.7
13.3

14.9
12.8
16.7
20.0
20.0
26.7

10.4
15.4
13.0
29.1
26.7
33.3

0
0
1.8
3.6
4.4
3.3

67
39
54
55
45
30

27.5

15.0

15.0

37.5

5.0

40

Drenthe (all kinds of habitat)

26.0

19.0

18.0

28.5

8.5

165

b

to build up a population in a rather short time when the new habitat be
comes more 'stable'. The constitution of the carabid fauna at section N 60Oostelijk Flevoland has shifted from many species from arable land in 1964
towards relatively more woodland species in 1968.
2. Frequency of dimorphic species
In Zuidelijk Flevoland in 1968 we got a sample of 2188 individuals of 53
species, in 1969 so far of 939 individuals of 47 species. Table 4 gives an ex
tension of Table 2 from DEN BOER (1970): The frequency of dimorphic,
monomorphic macropterous and monomorphic brachypterous species at
various groups of trapping stations together with data of samples from
Drenthe. The last column in Table 4 shows the significance of the difference
in frequency of dimorphic and macropterous species for the various stations
as compared with Drenthe. It corroborates DEN BOER'S conclusion that the
chances for reaching the new areas within a short time are apparently not
smaller in dimorphic species than in monomorphic macropterous ones, but
very small for monomorphic brachypterous species. Curious is the relatively
high frequency of dimorphic species at station 16 (difference between
O.F1.-N 60/1968 and Drenthe: x2 = 8.54, p & 0.01), which obviously ori
ginates from a relative decrease of the frequency of monomorphic macro
pterous species between 1964 and 1968.
Also Table 4 of DEN BOER (1970) may be extended now: in Table 5 the
frequencies of macropterous, dimorphic and brachypterous species are given
separately according to their habitats of origin. For the 1964-data DEN BOER
did not find significant differences between the samples from Oostelijk Flevo
land and from Drenthe regarding the relative frequencies both of macro44

TABLE 4. Frequency of dimorphic, macropterous and brachypterous carabid species caught at

various groups of trapping stations.
(The last column indicates the difference with data from Drenthe.)

Group of stations

window-traps

Dimorphic MonomorphicMonomorphic Total
species
macropterous brachypterous
y_2 *
species
species
number
number %
number %
number % of species
5

16.1

26

83.9

31

1.66

Zuidelijk Flevoland (st. 1-7)
new islands (st. 8+9)
Oost. Flevol., new part (st. 10-12)
Z. + O. Flevol., old part (st. 13-16)
O. Flevol.-N60, 1964 (st. 15)
O. Flevol.-N60, 1968 (st. 16)
N.O.Polder + mainland (st. 17+18)

15
12
18
19
17
17
17

22.4
30.7
33.3
37.2
35.0
56.7
42.5

52
27
36
29
25
11
20

77.6
69.3
66.7
56.9
62.5
36.7
50.0

3
1
2
3

5.9
2.5
6.6
7.5

67
39
54
51
45
30
40

0.82
0.003
0.25
1.19
0.002
8.54
2.81

Drenthe (DEN BOER, 1970)

39

26.2

93

62.4

17

11.4

149

* level of significance (two-sided) y 2 > 5,024 (p < 0,05)

TABLE 5. Number of macropterous (M), dimorphic (D) and brachypterous (B) carabid species

originated from unstable and more stable environments caught at various trapping
stations.
'specific environment'
Group of stations

unstable
M

D

window traps

23

Zuidelijk Flevoland (st. 1-7)
new islands (st. 8 + 9)
Oost. Flevol., new part (st. 10-12)
Z. + O. Flevol., old part (st. 13-16)
O. Flevol.-N60, 1964 (st. 15)
O. Flevol.-N60, 1968 (st. 16)
N.O. Polder + mainland (st. 17 + 18)
Drenthe

more stable
B

M

D

B

3

4

1

41
21
27
15
15
4
8

9
7
10
10
3
7
8

1

11
6
9
17
12
8
12

6
5
8
10
14
9
9

3
1
2
2

24

7

1

31

27

13

pterous and of dimorphic species originating from unstable and from more
stable environments. For the data from Zuidelijk Flevoland the difference
with Drenthe is significant, however, both for macropterous species
(x2 = 12.45, p & 0.001) and for dimorphic species (%2 = 5.67, p
0.03);
but for the data from the new part of Oostelijk Flevoland we only found a
significant difference for macropterous species (%2 = 6.79, p ^ 0.02; for
dimorphic species y 2 = 2.62, p ^ 0.20).
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3. Frequency of brachypterous individuals in
dimorphic species
In the Zuidelijk Flevoland-polder itself 15 dimorphic species were found,
but only a very few brachypterous individuals: at st. 5 (just along the dike)
in 1968 4 brachypterous specimens of Carabus granulalus and 1 of Trechus
obtusus, in 1969 at st. 7 (the sand-deposit in the middle of the polder!)
1 brachypterous specimen of Calathus melanocephalus. This last observation
may be important to support the hypothesis that the gene(s) 'short-winged'
may be transported through the air by macropterous females fertilized before
their migration by brachypterous males. This possibility and the frequency
of it may be investigated by dissection of the ovaries of the females caught in
the window traps, but this has not yet been done.
Another possibility is transport by the water, either floating or by boats
with material. On the new island (st.8), which could be invaded for the first
time in the spring of 1968, in two of the four dimorphic species found there
brachypterous individuals were collected: 1 ind. Trechus obtusus and 1 ind.
Pterostichus vulgaris. Also on the island made in 1964 (st. 9) in three of the 11
dimorphic species brachypterous individuals were caught [Carabus granulalus,
Pterostichus vulgaris, Pt. strenuus). Introduction of brachypterous individuals
is perhaps less difficult by direct transport via the water than per pedes or
indirectly through the air.
In one way or the other, in the course of time short-winged individuals are
appearing in the populations and in Table 6 some data on this subject are
brought together. Apparently the speed with which brachypterism increases
is not the same for all species: In Trechus obtusus and Pterostichus strenuus this
process is obviously running slower than in Agonum obscurum and Calathus
melanocephalus. For both last-mentioned species the macropterous form is
(almost) unknown from Drenthe. (At st. 12 1 caught 4 macropterous and 5
brachypterous individuals of C. melanocephalus). The problem is complicated
by the occurrence of wing-polymorphism (e.g. in Pt. strenuus). But also in
various dimorphic species the genetics may be different and more crossingexperiments are urgently needed. So far only for one carabid species (Ptero
stichus anthracinus ILLIG) it is proved that wing-dimorphism is genetically
determined, and in this case short-wingedness is dominant (LINDROTH,
1946). But in curculionids dominancy of both short- and long-wingedness is
found (JACKSON, 1928; STEIN, this symposium).
4. Extent of dispersal and choice of habitat
Some observations may give an impression about the extent of the invasion
of carabids into the polders. The species most frequently caught in our
window traps are Trechus quadristriatus in 1968 and Bembidion varium in 1969.
Of these species sometimes about 30 individuals were caught within a week
in one window trap. From this fact we may speculate on the number of indi
viduals of these species flying into the polder: over a cross section of 20 km of
46
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the polder and at a height of 1.00-1.60 m above the surface this would
amount to a total of 600.000 in one week.
At some stations in Zuidelijk Flevoland a remarkably high number of
individuals of certain species was caught, e.g. Trechus quadristriatus, Bembidion
velox and B. argenteolum at st. 2. These last two species are found only at this
station (the sand-deposit), in 1968 in large numbers, in 1969 in small num
bers (B. velox also on bare sand at st. 5). One may wonder whether individu
als of such a species, drifting in the air can select a preferred place for landing,
or will take off again when they at first have landed on a less favoured place
(too wet or with too much vegetation, for instance). In this way they
could be concentrated on this relatively small place (15 ha of dry sand
within the large mud-plain). Surely the numbers flying away from their
habitat of origin, spreading over many square kms of unsuitable terrain, must
be very large. At our first visits to the new polder in the spring of 1968, many
individuals of various species were already seen on the wet soil along the
retiring water-line.
Another remarkable species is Amara majuscula, caught at several stations
in Zuidelijk and Oostelijk Flevoland in 1968 and '69. Of this species, famous
for its rapid expansion (LINDROTH, 1949), a few individuals were caught in
Drenthe in 1961 (DEN BOER, 1962), but its occurrence in other places within
the Netherlands was unknown up till now. In the meantime it is also caught
in window traps in the new Lauwerszeepolder (MEIJER, this symposium)
and on the heath of Kralo (1970).
5. Establishment
The greater part of Zuidelijk Flevoland was covered with water in the
winter of 1968/69 (Fig. 9). Only the soil-deposits and the banks of the canals
remained (more or less) dry. It will be important to know which of the many
species migrating into the polder and so far caught in our pitfall traps can
actually reproduce and hibernate on the spot and thus found a new popula
tion. Therefore in the spring of 1969 I covered a patch of soil (area 8 X 5 m)
at st. 3 (the canal-bank) with narrow-meshed netting and placed traps under
the four corners of the dug-in cloth, in order to catch only animals that had
hibernated there (or their offspring) and to exclude new immigrants (see
Table 7). The same experiment is done in 1970, both at a place which
was covered with water and on a spot that remained dry in winter.
Compared with the catches of the normal funnel traps at st. 3 and other
stations in Zuidelijk Flevoland it is most remarkable that some numerous
species are lacking, viz. Trechus quadristiatus, Amara convexiuscula and Bembi
dion varium. But otherwise the twelve species caught under the netting are also
among the most numerous species in Zuidelijk Flevoland (with the exception
of Clivina fossor). 8 macropterous and 4 dimorphic species are found (Table
7). Classified according to environment of origin: 10 riparian, 1 woodland
and 1 ruderal species.
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Fig. 9. Between station 2 and 3, October 1968. A typical view in the polder in the autumn
of 1968: an open vegetation of young Phragmites communis and Senecio congestus and the soil
again covered with water.

Fig. 10. A pitfall trap at station 4, October 1968.
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TABLE 7. Number of carabids caught under 40 m2 of netting at st. 3 (Zuidelijk Flevoland) in 1969.

(Indication of ecological and dynamic groups as in table 1.)

Bembidion ustulatum
B. rupestre
B. assimile
B. minimum
Loricera pilicornis
Agonum marginatum
Pterostichus vernalis
Stenolophus mixtus
Nebria livida
Clivina fossor
Pterostichus niger
Trechus discus

Ecolo
gical
group

Dyna
mic
group

r
r
r
r
r
r
r
r
r
a
w
r

d
m
d
m
m
m
d
m
m
d
m
m

April

May

June

July

August

-

-

-

-

15
29'
1
2
1
3
1

182
1083

-

11
7
1

1

-

-

-

-

-

-

52
105
3
4
1
2
1
1

-

-

-

-

-

-

1
1

-

-

-

-

-

-

-

1
7
1
-

4
1

Total

97
249
5
7
9
6
2
1
1
1
4
1
383

including 4 callow individuals
2 including
2 callow individuals
3 including 37 callow individuals
1

Identification of larvae, not yet carried out so far, will certainly add some
information on the establishment of carabids in the new polders.
SUMMARY

In the IJsselmeerpolder Zuidelijk Flevoland, reclaimed in 1968, 67 carabid species were caught in 1968 and 1969 in pitfall traps, and 31 species in
window-traps. In Zuidelijk Flevoland almost exclusively winged individuals
were found, both of monomorphic macropterous and of dimorphic species.
In comparison to the mainland the proportion of dimorphic to macropterous
species is not deviating, but relatively more species from unstable habitats
are found in the polder. In populations of several dimorphic species from
1-14 year old terrains in other IJsselmeerpolders a very high frequency of
full-winged individuals is found. There are some indications of accidental
introduction of genes for short-wingedness through the air or via the water.
Of 12 species individuals are found that hibernated on a dry place in the new
terrain.
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Walking along the canal in Zuidelijk Flevoland (near station 3). May 24, 1968.

DISCUSSION: HAEGK, LINDROTH, MEIJER, RICHTER, STEIN.

With regard to the incidental introduction of the gene(s) short-winged in
newly founded populations of dimorphic beetles some important remarks are
made:
STEIN mentions that a small number of newly hatched, median-winged
Sitona lineatus weevils were found on one day and within one net sample.
He is sure that they were the progeny of only one Ç and that they result from
a mutant. The wings were of the same shape as the normal long-winged
type but they were much smaller. This never happens in micropterous speci
mens. Here there is always a change of hape together with a reduction of
venation. Moreover S. lineatus never produces short-winged individuals in
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this area. No breeding experiments were done, because the weevils were al
ready dead, when this aberration was noticed.
LINDROTH points to the fact that in Oostelijk Flevoland brachypterous
individuals are caught of at least seven dimorphic carabids (Table 6; in fact
this is even the case for 17 species in total in the polders - H.). It cannot be
expected that in all these species brachypterous individuals within a short
time would arise by mutation. The distribution of the two wing-types may
seem erratic in some carabid species, such as Notiophilus biguttatus F. but,
assuming for a moment that flight of gravid females (with chance of carrying
the gene for short-wing) occurs rather frequently, the regular pattern of con
centrically increasing macropterism may become confused. On the other
hand, Notiophilus biguttatus, an European introduction, behaves rather regu
larly in this respect in Newfoundland. Recurrent mutation as cause of unex
pected occurrence of the brachypterous form must be considered a rare
phenomenon.
MEIJER: The possibility of introduction of brachypterism through the air
by macropterous females fertilized before their migration by brachypterous
males is questionable after the following observation on a population of
Calathus melanocephalus. Among high numbers of brachypterous individuals
a few macropterous males and females preferred to copulate with each other
and not with brachypterous individuals.
With regard to the connection between dynamics and habitat two remarks
are made: LINDROTH is of the opinion that in general constantly macro
pterous populations are living in more or less unstable habitats and constantly
brachypterous populations in stable habitats.
RICHTER is not convinced of the correctness of this connection, especially
because it is very difficult to define a habitat and to classify habitats as
stable and unstable.
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IMMIGRATION OF ARTHROPODS INTO
THE NEW LAUWERSZEE POLDER
J. MEIJER

The Lauwerszee, a small part of the Dutch Shallows, is situated in the
North of our country on the border of the provinces of Groningen and Friesland. The principal reason for the reclamation of the Lauwerszee was to im
prove the protection of the neighbouring land against floods. As most of the
old seafloor consists of rather coarse sand the agricultural interest was only
secondary. The reclamation started in 1961 and was succesfully concluded on
the 23rd of May 1969. The Lauwerszee consisted of large tidal flats inter
rupted by one large creek and a number of smaller ones. In general this is
still the present situation, as the water level is maintained at a level slightly
higher than the former low water level (Fig. 1). Large parts of the reclaimed
land, especially in the centre of the polder, are to be a reserve.
My investigations are focussed at the immigration into the Lauwerszee
area and the subsequent development of populations by Carabidae, spiders,
cicadas and harvestmen (Opilionidae), with emphasis on carabids and spi
ders. As for the cicadas, I only do the collecting, the material will be studied
by Mr. C. A. SCHULTZ from Drachten, an amateur-entomologist familiar
with cicadas. Notably carabids and spiders were chosen for their different
means of dispersal. Carabids, and cicadas too, show interesting differences in
wing development, whereas spiders can move both by walking and by bal
looning.
There is a certain similarity between Mr. HAECK'S work in the Flevopolders and my own experiments. Perhaps the greatest difference until now lies
in the history of both polders: the Lauwerszee was a tidal estuary while the
Flevopolders were constructed in a freshwater lake. Last summer this factor
was very important when due to extremely warm and dry weather the salt
contents of the soil in the Lauwerszee rose to very high values. It remains to
be seen what effects this difference will have in the future.
The experimental design is aimed at two different questions: 'How do the
animals get there?' and 'What happens to the immigrants, once they have
arrived in the barren Lauwerszee polder?' My experiments are carried out
by the side of the experiments of Mr. J. JOENJE of the Laboratory of Plant
Ecology of Groningen University, who is investigating the development of
the flora. The planning of my experiments is mainly based on the design of
Mr. JOENJE'S experiments, in order to make optimal use of his findings. This
especially applies to the choice of the experimental plots; these were selected
in order to obtain maximum variation in soil and water-table and, first of all,
the possibility of undisturbed use during at least five years.
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Fig. I. Map of the Lauwerszee area showing the position of the experimental plots (scale
I : 100.000).

Five experimental plots have been laid out in the Lauwerszee, four of
which I am using, namely plots 1, 2, 4 and 5 (Fig. 1). The soil of these plots
consists of sand in plot 2, of very light sandy clay in plots 1 and 4 and of light
clay in plot 5. During all of the summer of 1969 virtually no vegetation
occurred in the centre of the polder. On plot 5 there was a very sparse vegeta
tion of Salicornia and Suaeda, on the other hand no plants were found on
plot 2. Figs. 3, 5, 8 and 9 give an impression of the barrenness of the polder
mid September 1969.
The accessibility of these plots for arthropods is not the same. Assuming
the predominance of westerly winds, plots 1 to 5, in this sequence, will be
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less easily reached by arthropods moving through the air, whereas plot 5 is
most easily reached by walking arthropods. It remains doubtful, however,
whether this difference in position will be reflected in the samples as the soil
of these plots, too, gets heavier in a West-East direction. I expect plot 5 to be
most easily colonized as its soil is of the same type, clay, as that in the sur
rounding old land. The colonization of plot 2 might present more serious
difficulties, as the nearest sandy area lies 10 km to the South-West. Other
sandy areas in the environs are the Frisian Islands.
As it is impossible to make a complete survey of the fauna in the sur
roundings, I have chosen two types of habitat where many species could be
expected, that were likely to migrate into the new polder. So five formolfunnels were placed in a marshy strip along a ditch right behind the old dike
(Fig. 2) and another five on the saltmarsh near Vierhuizen, plots D and S on
Fig. 1 respectively. The vegetation on plot D is dominated by Scirpus maritimus and Phragmites communis. The vegetation on plot S can be characterised
as an Armerieto-Festucetum. The traps on these plots went into operation in
June 1968. Up to now they have been useful mostly in giving me a means of
getting acquainted with at least some of the species that may eventually turn
up in the Lauwerszee. Maybe one day these data will be useful as a basis for
comparison with the data from the Lauwerszee, for instance with respect to
the number of brachypterous carabids.

Fig. 2. View of plot D from the top of the old dike. The funnels are placed in the narrow
strip of dark vegetation at the other side of the ditch.
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Fig. 3. One of the window-traps on plot 4. In the background part of the fence.

Up till now my approach has been mainly descriptive. At four different
points I am collecting samples weekly. These samples are caught in windowtraps, constructed for capturing flying insects, and two types of formolfunnels. Since my investigations fall under two headings, different methods
for sampling were required. In order to answer the question what animals
arrive and how they arrive I am using window-traps and formol-funnels
placed along a sheet of steel. The window-traps (Fig. 3) consist of two sheets
of glass one meter across and half a meter high. Beneath each sheet a large
funnel was placed, on which was fastened a small plastic jar containing a
little formalin. On each of the experimental plots two window-traps were
erected, one directed North-South, the other East-West. Since I experienced
that these traps are poor spider catchers, I weekly collect the spiders on each
plot on ten fenceposts, where they tend to gather when their silk gets caught
on the fencewire (Fig. 4). Although these data do not give a reliable measure
of the extent to which spiders have been migrating through the air, they do
give information about the number of spiders migrating at approximately
the same time each week.
Apart from these traps there are on each plot two sets of two formolfunnels placed at each side of a sheet of stainless steel (strip-traps, Fig. 5).
This strip of steel is four meters long and fifty centimeters high, the upper rim
of the strip being at thirty centimeters above the soil. The function of the
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Fig. 4. Upper part of a fence-post used as a trap for ballooning spiders.

Fig. 5. Two strip-traps on plot 4.
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Fig. 6. One of the normal formol-funnels on plot 5. This photograph shows the different
parts of the funnel.

strip is to improve the catching efficiency of the two formol-funnels placed
on each side against the middle of the strip. As experiments carried out in
1964 have shown, such a system is highly efficient. These two traps are
directed in the same way as the window-traps. I prefer this system to a bownet-like construction, in which the two steel-strips are placed in a cross with
four formol-funnels, one in each sector of the cross. It has been my experience
that it is extremely difficult to draw conclusions from data of such traps. By
using these two types of traps I hope to be able to get as good a picture as
possible of the immigration into the Lauwerszee.
The development of the populations is investigated by means of normal
formol-funnels (Fig. 6). On plots 1 and 5 there are three groups of four traps
each. These traps are situated in those areas where the development of the
flora will be studied during a number of years. Plots 1 and 5 were chosen
because they show a great contrast in soil composition and accessibility. In
plot 1 the soil is sand with some silt whereas in plot 5 it consists of light clay.
Plot 2 consists of still purer sand, but it was not chosen, because the sand on
this plot tends to shift more readily. On each plot the groups of four traps
were placed at different levels above the water-table.
The whole set of traps went into operation on the 16lh of July 1969. Sam
ples up to August 13 have been worked out. In that four-week period a total
number of 107 carabids, belonging to 17 species, 1526 spiders, belonging to
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Fig. 7. Drift sand blowing against a strip-trap on plot 4.

27 species, 127 cicadas, belonging to at least 10 species and no harvestmen
were caught.
An overwhelming difficulty in comparing the catches on the different plots
is the very variable catching-efficiency of the various types of traps. Even the
same type of trap on different plots is not always comparable. The windowtraps operate under all conditions, but the strip-traps are highly dependent
on the force and direction of the wind. Already at moderate wind-velocities
the sand on plot 2 starts shifting, surprisingly much of this drift sand is col
lected in the funnels and behind the steel-strips (Figs. 7 and 8). If such winds
occur soon after the changing of the trapping jars, such traps will not func
tion during the rest of the week. To a certain extent this phenomenon occurs
on the other plots too, least of all on plot 5. This plot, however, is more liable
to be flooded, either by rain or by water blown across the plain from one
creek to another. This especially occurs when a strong North-West wind is
blowing (Fig. 9). This flooding also prevents efficient trapping. In practice it
is impossible to ascertain at what time any trap has been put out of order as
the silting up or flooding of the traps is highly variable at all circumstances.
The data of October 15 illustrate this point: although the weather during the
preceding week had been extremely calm, all the same, traps 46 an(J 7 and 2S.
7 and 8 were filled with sand. This shows that completely uncomparable traps
may be put out of order under the same conditions.
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Fig. 8. Strip-trap on plot 1 practically covered by drift sand.

Fig. 9. View of plot 5 showing an early stage of flooding due to strong winds by water from
a creek in the background (narrow dark band just below the horizon). Black dots arc Salicornia and Suaeda plants.
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From June 1968 until August 1969 I caught 54 species of carabids and
from May until August 1969 54 species of spiders. Of both carabids and
spiders 35 species were caught along the ditch (plot D), 14 and 16 species
respectively were caught on the saltmarsh (plot S) and 18 and 21 species
respectively on the experimental plots in the Lauwerszee. The last two
figures are based on a four-week catch only. Twelve out of 18 species of
carabids and 10 out of 21 species of spiders caught in the Lauwerszee have
not yet been caught along the ditch or on the saltmarsh. On the other hand,
extremely common species like Bembidion minimum F. and B. aenaeum GERM.
on the saltmarsh and Bembidion guttala F., B. ustulatum L. and Badister sodalis
DFT. along the ditch have not yet been caught in the Lauwerszee. It will be
interesting to follow the further development of the immigration. (Later
samples have altered this picture to a certain extent, in so far that since
August 13 Bembidion minimum and B. aenaeum have been caught in the polder
too.)
Table 1 shows the catches in the Lauwerszee from July 16 till August 13;
catches of different traps appear under different headings. In this table total
catches appear for both carabids and spiders and separately the numbers
caught of the more common species and of those species that are of special
interest. These data show the rather low number of species occurring up till
mid August in the Lauwerszee and the predominance of one or two species.
About 50 % of the total catch of carabids consisted of Dichirotrichus pubescens
PAYK. and more than 70 % of this species and Trechus quadristriatus SCHRK.
The same predominance of a small number of species occurs in the case of
spiders. About 35 % of the total catch consisted of Erigone atra (BLCKW.),
50 % of E. atra and E. dentipalpis (WIDER). A further 20 % is made up by uni
dentifiable juvenile Linyphiids. Nevertheless the amount of animals at this
TABLE 1. Total number of animals caught on different plots.

Plot

1
trap1

2

Type of
Number of traps

1
4

2
4

3
12

1
4

All Carabidae
Dichirotrichus pubescens Payk.
Trechus quadristriatus Schrk.
All spiders
Erigone arctica Kulcz.
E. atra (Blckw.)
E. dentipalpis (Wider)
E. longipalpis (Sundev.)
Oedothorax fuscus (Blckw.)
Pardosa spp. juv.
Linyphiidae spp. juv.

I
1

4
3

1
1

-

-

7
6
1
6

1

Type of trap: 1 = window-trap; 2

-

4
-

1
1
-

=

67 125
2
4
25 46
4 21
6
3
8
7
2
15 33
strip--trap; 3

2
4
7
-

3
36

-

-

4
-

14
5

-

-

1

-

-

1

5

4

6
6

total

2
4

1
4

2
4

3
12

56

. 13 22
10 14
3
3
7 137
8
2 49
20
9
1
9
3
3 33

16
6
5
16

22
12
3
410
54
124
61
33
34
4
62

14
4
3
718
27
265
106
44
67
3
146

107
57
21
1526
95
535
222
92
125
26
302

1
4

-

5
4
-

2
1
3

pitfall -trap;
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early stage of colonization was somewhat surprising to me. To give an im
pression of the number of spiders present: on October 15 I caught 123 spiders
on ten fence-posts on plot 2. There are about 180 fence-posts on this plot,
which means a total number of 2200 spiders. On October 22 this number
even rose to 6600.
Although a comparison of the catches is not always reliable, as has been
pointed out before, the increase in the catches in a West-East direction is
beyond any doubt. There are several factors that may have given rise to this
distribution. During the catching-period easterly winds prevailed, which
may have given rise to a decreasing number of immigrants in an East-West
direction. Moreover in an East-West direction, too, the soil is getting gradu
ally lighter, whereas the distribution of shelter is somewhat irregular. On
plots 2 and 4 virtually no shelter is to be found on the barren sand plain. On
plot 5 there are growing some Salicornia and Suaeda plants and there are quite
a few fissures in the soil. Finally on plot 1 a lot of mussel shells are lying
about, which may provide hiding-places. In my opinion the main factor
giving rise to this distribution is the variation in soil.
Some problems need further investigation. Next summer I intend to make
simultaneous catches on the West and East side of the Lauwerszee as well as
in the centre of the polder, all three points on one line parallel to the winddirection, in order to determine the amount of spiders migrating into and out
of the area. Moreover I intend to investigate to what extent the spiders
already arrived are leaving the area again, since I suppose the conditions for
spiders to be rather severe. It goes without saying that I would like to know
the same of carabids, but as yet I do not know how to tackle that problem,
since the number of carabids is so very much lower.
In the case of carabids the influence of the direction of the wind on the
direction of migration is already apparent. The distribution of the animals
caught in the window-traps, during a period when easterly winds prevailed,
is conclusive as is shown by table 2.
TABLE 2. Total numbers of carabids caught in window-traps during a period of prevailing easterly

winds.
Trap facing
Dichirotrichus pubescens
All carabid species

North

East

South

West

6
11

7
10

8
12

4
5

The catches of carabids also show a tendency towards a distribution in
relation to the soil of the plots. For instance, Amarafulva DEG. (2 animals) is
only caught on sandy places, whereas Pterostichus «/^SCHALL, and P. vulgaris
L. are usually caught on clayish plots. The same goes for the larger part of the
catch of Dichirotrichuspubescens and Trechus quadristriatus. I do hope the data of
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the catches which have not yet been worked out will prove this point.
As was to be expected the majority of the carabids caught has fully devel
oped wings, but all the same I have already caught some brachypterous
specimens, even in the centre of the polder. It concerns two specimens of
Cillenus lateralis SAM. and four out of five specimens of Pterostichus vulgaris.
DEN BOER suggested to me the possibility that animals like carabids
might be blown across the barren plains by strong winds. On 1 October 1969
I made some experiments to investigate if this way of migration does indeed
occur. I made my experiments with Dichirotrichus pubescens and Pogonus chalceus MRSH., species that live in great numbers on the edge of the saltmarsh.
In order to avoid artificial introduction of animals, the experiments were
carried out on a spot far removed from the experimental plots. The windvelocity at the time of the experiments was about 16 meters a second.
Whenever a beetle was simply put to the ground it was blown away immedi
ately. If the animal was given time to get a foothold the results depended on
the animal's activity. If it started walking, it was invariably blown away,
sometimes only a short distance before it got hold again, sometimes out of
sight. As long as the animals did not move, the wind apparently had little
effect. Seven out of ten animals were blown out of sight eventually. So it
seems very likely that carabids are blown into the Lauwerszee once they have
reached a barren area. This last remark is of some importance, since it
means they have to reach those barren areas by other means.
Finally I would like to make some remarks on the occurrence of fungi of
the relatively small group of the Laboulbeniales on carabids in the samples.
Since April 1969 I have made records of the occurrence of these fungi, not
of the extent of infection. The degree of infection shows remarkable differ
ences for animals living on the saltmarsh (plot S) and those living along the
ditch (plot D). Fig. 10 shows the spreading of the fungi in the carabid popu
lation of the saltmarsh and that along the ditch, as well as the number of
carabids caught per week. In general the pattern is the same, there is only a
time-lag in the spreading of the fungi on the saltmarsh. This difference might
be caused by a different susceptibility of different species of carabids. I do
not think that is the case, however, since 21 out of 58 specimens (36 %) of
Clivina fossor L. caught along the ditch were infected, while only 1 out of 25
specimens (4 %) of the same species caught on the saltmarsh was infected.
In connection with these data LINDROTH remarked in the discussion that
these fungi are common among carabids. The infection is caused by spores
in the soil, non-infected animals can be infected by bringing them into
contact with contaminated soil. So it seems my data only give information on
the viability of the spores of these fungi under different circumstances and
have little bearing on carabids as long as the effect of these fungi on carabids
is not known exactly.
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SUMMARY

In the recently constructed Lauwerszee-polder experiments on the immi
gration of carabids, spiders and cicadas are being carried out.
By means of window-traps, 'strip-traps' and formol-funnels the fauna is
sampled at four different plots. Various aspects of these methods are dis
cussed.
The catches made in a four-week period and the degree of infestation of
Carabids by fungi (Laboulbeniales) are discussed.
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BIOLOGICAL INVESTIGATIONS ON THE NEW
VOLCANIC ISLAND SURTSEY, ICELAND
CARL H. LINDROTH

This paper, with few alterations, is being published in 'Svensk Naturvetenskap' (Swedish Natural Science Board), Stockholm 1970. Text in Swedish,
with English summary. This summary - with some figures - is given here.
The island Surtsey, off the south-coast of Iceland, was created suddenly by
a volcanic eruption in November, 1963 (Fig. 1). Its development was careful
ly and continuously followed by geologists but not until May, 1965, was the
biological investigation organized.
The immigration and colonization of plants and animals on, at least ini
tially, sterile land is of considerable general interest and it was agreed be
tween all co-operating scientists that all precautions should be taken to pre
vent the island from being contaminated by human activities. As far as can
be judged now, these efforts have been successful.
The investigation of the lower terrestrial fauna of Surtsey was left to a
group of zoologists at the University of Lund and we have made field-work
in the area during four consecutive summers, 1965-'68. It was soon realized
that a proper understanding of what was happening on Surtsey could not be
achieved without a careful study of the fauna of the adjacent hinter-land. We
have therefore devoted considerable time to an investigation of the other is
lands of the Westman group (Fig. 2) as well as on the southern mainland of
Iceland.
All terrestrial invertebrates found on Surtsey (microscopic forms disre
garded) are arthropods. The total number of species is 70. The dipterous
insects are strongly predominating (43 species, see Fig. 3). The most abun
dant species are one fly (Leria modesta MEIG.) and one mite (Thinoseius spinosus WILLM.) ; the latter, in earlier stages, is an ectoparasite of the fly. These
two species have succeeded, at least temporarily, to colonize the island,
the fly breeding in carcasses of fish and birds on the shore.
Otherwise, the great majority of animals observed on Surtsey, due to the
almost complete absence of higher vegetation and thus lack of food, are casual
visitors only.
The appearance of so many different species, notably of insects, has de
monstrated that the chances of dispersal in the area are better than expected.
About 85 per cent of the insects ('ballooning' spiders included) have arrived
by air, a few Lepidoptera by long-range dispersal, probably from the Euro
pean mainland. But the foremost base area of the immigrants is no doubt the
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other Westman Islands and this is particularly true in the case of hydrochorous dispersal.
We observed that the four species of vascular plants first observed growing
on Surtsey all occurred together on a sandy beach in the southern part of
Heimaey, the main island of the group. We suspected hydrochorous trans
port to have emanated from here and, in order to test this assumption, re
leased more than 10 millions of bright yellow plastic grains into the sea.
Exactly one week later more than one thousand of them were refound on the
shore of Surtsey.
Another experiment was made by exposing one of the big tufts of grass
(Festuca rubra) growing on the bird-cliff island Sülnasker about 10 km NE of
Surtsey, in seawater during one week. The comparison with the fauna of a
similar tussock left unexposed showed that about 1 /4 of the species as well as
of the individuals (counted on the Acarida and Collembola) had survived the
treatment in salt water.
A study of the small Westman Islands showed a good correlation between
the distribution of insects and plants (Fig. 4) but almost none between
number of species (beetles) and distance from the main island. The area of an
island, involving variety of habitat, as a rule, has apparently greater im
portance.
The faunal investigation of Surtsey is being continued. However, a fully
balanced terrestrial biota cannot be expected to develop during the lifetime
of the present investigators.
APPENDIX. Amara quenseli SCHNH. is the only carabid beetle found alive on
Surtsey. It was observed floating on the surface of a small artificial body of
fresh-water, erected for the purpose of collecting limnic organisms, on July
12th, 1967. The specimen was a female with fully developed hind-wings and
there is little doubt that it had arrived by air. The species is widely distrib
uted in Iceland, also on the main island, Heimaey, of the Westman group.
However, it seems to occur on the last-named place exclusively in its brachypterous form (more than 300 individuals investigated). On the mainland
of southern Iceland, in a distance of at least 30 km, populations are mixed,
though with strong preponderance of the brachypterous form. This appar
ently was the region of departure for the Surtsey female. Due to lack of food,
no carabid beetle is able to colonize Surtsey permanently at present time.
DISCUSSION: DEN BOER, HENGEVELD, LINDROTH, VLIJM, WOLDA.
LINDROTH related that up till now there is no question of an 'ecosystem' on
Surtsey. WOLDA wonders whether a very simple — microscopic — 'eco
system' might exist: bacteria, fungi, etc. Dr. G. H. SCHWABE, Plön, has

already found a surprisingly rich lower flora (cyanophyceans, chlorophyceans, diatomyceans, etc.) on favoured spots in the main crater on
Surtsey. The only animals associated with these were protozoans and rota68
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torians. DEN BOER concludes: since most insects landing on Surtsey cannot
survive as long as adequate food-species (e.g. higher plants, other arthropods)
have not settled down, there will be a 'gap' between these microscopic organis and higher animals and plants.
HENGEVELD inquires after the correlation between number of species
found and area in which it has been caught. There may be two possibilities:
a. A larger area (island) 'catches' more species as suggested by LINDROTH.
b. A larger area (island) gives more possibilities for survival by a greater
variance in environmental conditions.
Actually, there is a good correlation between area of the small Westman
Islands and their respective numbers of Coleoptera species and vascular plants.
Both suggestions by HENGEVELD no doubt are explanations.
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TRANSLOCATIONS OF INSECTS IN THE
ARCHIPELAGO OF THE SOUTHERN COAST
OF FINLAND

ERNST PALMEN

In this paper, three different aspects connected with dispersal were
summarized.
At first an analysis was presented on the significance of the accumulations
of various insects (mainly Coleoptera and Hemiptera) observed almost regularly
on the rocky shores of the northern coast of the Gulf of Finland. Such accu
mulations occur under certain environmental conditions of which compara
tively high temperature inducing spontaneous flight of the insects, as well
as southeasterly or southerly winds are most important. Since practically
only insects able to fly are encountered in these accumulations, it can be
concluded that the material almost exclusively consists of such insects which
during their spontaneous flight have been carried to the sea, and then have
dropped to the sea surface and drifted ashore. An analysis of the composition
of the material also shows that besides insects that may be of local origin only
there are also species whose presence in the accumulations definitely proves
that an anemochorous transport over considerable distances has occurred,
in some cases even more than 1000 km (e.g. Calosoma denticolle GEBL.). A
significant part of the insects thus washed ashore are still alive, and in some
cases it has been established that they are still able to reproduce after the
hydrochorous phase of the transport. From the point of view of dispersal such
an accumulation of great numbers of specimens within a narrow section of
the shore may have great advantages compared with pure anemochorous
transport where specimens of a single species will scatter as 'parachutists'
over a wide area. The meeting of the two sexes after the hydrochorous phase
will not be quite accidental, because during this phase several specimens will
concentrate within a narrow area. The chances of establishment of a new
population outside the permanent range of the species are thus greatly
increased. For a more comprehensive treatment of various aspects connected
with this anemohydrochorous type of dispersal, see PALMEN (1944).
Another aspect connected with translocations of insects was a review of
marking experiments carried out by Dr. V. I. PAJUNEN and Mr. A. JANSSON
on Corixids inhabiting rock-pools of a number of small islands around the
Tvärminne Zoological Station, S. Finland. The results of these studies have
been described comprehensively by PAJUNEN & JANSSON (1969).

The summary of this paper is taken up here.
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SUMMARY of PAJUNEN, V. I. & JANSSON, A. (1969) in Ann. Zool. Fennici 6,

p. 426 + 427.
Small-range dispersal of two species of Corixidae inhabiting small rock pools
of the southern archipelago of Finland has been studied by colour marking.
Overwintering of adults is possible only in pools deep enough not to
become totally frozen. Breeding occurs mainly in small temporary pools,
most of which are apt to dry up. However, in normal years rainless periods of
critical length occur only in June.
In the spring rapid dispersal from winter areas occurs. The first flights
were recorded in late April, but flights from one island to another were possi
ble only in May when the temperature was sufficiently high. Adults are often
carried by the wind for considerable distances and even areas unsuitable for
overwintering acquire adults before the beginning of the breeding season.
The females are immature when they leave the winter pools.
Oviposition starts in late May and the first new adults emerge at the end
of June. They rapidly attain maturity and give rise to a partial second genera
tion. Adults emerging after the middle of July remain callow, and in the
autumn the bulk of the population is immature.
Some dispersal occurs throughout the breeding season. In June daily loss
of marked adults amounted to 3-30 % in Arctocorisa carinata and 9-20 % in
Callicorixa producta, and in July - August the respective values were 6-15 %
and 11-40 % .The flights were significantly longer in August, when most of
the adults were immature.
Temperature differences between sheltered and exposed pools and the
more uniform temperature in the deep pools induced corresponding differ
ences in the rate of dispersal. Wind interfering with the take-off of adults from
exposed pools also caused considerable differences.
In September, dispersal remained high in spite of decreasing temperature.
Values of daily loss were 2-15 % in A. carinata and 5-20 % in C. producta. In
October the rate of elimination then gradually fell. With the increase in the
innate tendency to fly in the autumn, the adults also began to show a pre
ference for larger pools, which attracted most of the immigrants, and conse
quently their populations rapidly rose to several times the summer level.
When flight ceased in November, the bulk of the population was aggregated
in the few largest and deepest pools of the area.
The relatively strong dispersal of rock pool corixids forms a significant
adaptation to the discontinuous and temporary habitat. The seasonal varia
tion in the tendency to fly and the ability to discriminate between pools of
different sizes are additional adaptations allowing the separate use of the
most suitable breeding and winter habitats.
The significance of strong dispersal is evident in the comparison of the two
species. The more mobile C. producta rapidly repopulates temporary pools
at the termination of dry periods, and consequently can reproduce a
considerably larger population in late summer.
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A third case was a review of the studies made by Dr. O. HALKKA and his
collaborators on the Philaenus spumarius populations inhabiting numerous
small islands of the same area. On the Finnish mainland and on the larger
islands studied, the frequencies of the different colour forms of this species are
relatively uniform, whilst on the small islands the situation is opposite, i.e.
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the proportions of the colour forms may be very different on different islands.
The frequencies deviating from the polymorphic equilibrium prevailing on
the mainland and on the large islands were attributed primarily to the
founder principle. For a comprehensive treatment of the results, see HALKKA
et al. (1970).
The summary of this paper is taken up here.
SUMMARY of HALKKA, O., RAATIKAINEN, M., HALKKA, L. & LALLUKKA, R.

(1970) in Ann. Zool. Fennici 7, p. 236 -f- 237.
Isolated populations of the meadow spittlebug, Philaenus spumarius, were
investigated on 29 islands in the Tvärminne archipelago in the Gulf of Fin
land. The species is polymorphic with regard to colour markings on the body
and the wings.
The amplitude of the yearly variation in numbers was found to be great in
the 8 populations studied in this respect.
On many of the islands, the population was divided into several semiisolated subpopulations, each one living in a separate patch of vegetation,
best referred to as a miniature meadow. The different subpopulations in the
same island lived under very dissimilar biotic and microclimatic conditions.
In spite of the differences between the sites they occupied the subpopula
tions were quite similar in colour form frequences. With regard to the colour
forms, site-specific selection factors were thus found to be of minor impor
tance.
Earlier studies, have indicated that the colour forms are probably de
termined by supergenes, and that the polymorphism may be maintained
through the interaction of apostatic and non-visual disruptive selection
pressures. Owing to apostatic selection, the colour genes all tend to remain
preserved in the gene pools of the populations. The frequencies of the differ
ent colour forms are probably determined by climatic selection.
On the large islands close to the mainland, all the colour forms are usually
present. The frequencies of the forms tend not to deviate far from the mode
of polymorphic equilibrium prevailing in the whole of southwestern Finland
(SWF). On these islands, the colour form frequencies are determined mainly
by selection and to a lesser degree by the founder principle and genetic drift.
With increasing distance from the mainland and with decreasing size of
the islands, greater deviations from the SWF mode of colour form frequencies
are found. Some of the colour forms are rare or absent from many of the outer
islands. The apparent absence of one or more of the colour forms from small
and from remote islands is attributed to the founder principle. In the extreme
cases, the island populations were monomorphic with regard to colour. The
founder principle was considered to be well documented by the similar
frequencies of colour forms on two dissimilar islands close to each other but
far from their nearest common neighbours.
The peculiar colour form frequencies observed on many of the islands
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were attributed primarily to genetic drift. Under certain circumstances,
selection pressures may neutralize each other. The influence of drift does not
appear to be contingent on such neutralization. In some of the populations
the drift is intermittent, in others constant.
The interaction of natural selection and genetic drift and the possible
significance of drift in the evolution of Philaenus populations are discussed.
REFERENCES
HALKKA, O., RAATIKAINEN, M., HALKKA, L. & LALLUKKA, R. 1970. The founder principle,

genetic drift and selection in isolated populations of Philaenus spumarius (L.) (Homoptera). Ann. £ool. Fennici 7: 221-238.
PAJUNEN, V. I. & JANSSON, A. 1969. Dispersal of the rock pool corixids Arctocorisa carinata
(Sahib.) and Callicorixa producta (Reut.) (Heteroptera, Corixidae). Ann. £ool. Fennici
6: 391-427.
PALMEN, E. 1944. Die anemohydrochore Ausbreitung der Insekten als zoogeographischer
Faktor. Ann. £ool. Soc. ^ool.-Bot. Fennicae Vanamo 10(1): 1-262.

DISCUSSION: DEN BOER, LINDROTH, PALMF.N, THIELE, VAN DER AART, VLIJM.
VLIJM inquires about the 1000 km that would have been covered by
Calosoma denticolle. PALMÉN replies that the nearest localities of this species

are in Southern Russia.
LINDROTH remarks that exclusively hydrochorous transport in salt water in
general will not be very important. A good example of how high-salinity
water hampers hydrochorous dispersal is the rather efficient faunal boundary
formed by the Channel. In this connection VAN DER AART points out
that sometimes very large numbers of Colorado beetles are washed ashore at
the Dutch coasts; many of these animals appear to be alive and hence,
(anemo?) hydrochorous transport in high-salinity water may be important
in some cases.
DEN BOER remarks that apparently many corixids fly away from their rock
pools nearly every night without obvious 'need' ; hence we have to deal with
individual reactions (internally stimulated?) and not with a population phe
nomenon. What would be a population in the case of these corixids (they also
fly from one island to another)? May we expect comparable phenomena to
occur in some carabid species (nomadic way of living)? According to PALMEN
the latter is quite possible, but very few studies on carabids have been made
so far which will give some relevant information.
In connection with the 'need' of the corixids to fly away from their rock
pools, VLIJM discusses the depth and stability of the different pools in which
these corixids are living; he also wonders what are the densities of these
animals in the different pools and how great are the daily variances in
density in relation to environmental conditions. The available information
does not permit definite conclusions.
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In the same connection THIELE wonders what is the food of these corixids
and to what extend the dispersal may be considered feeding behaviour.
PALMÉN tells that they feed on different aquatic organisms, such as larvae
of Chironomids and even on specimens of their own species.
DEN BOER is surprised about the high number of corixids (1800) that
hibernate in the 'famous pool 1'. Do all the animals from this island concen
trate into this pool to hibernate, or is it only a sample from the population?
PALMÉN relates that according to PAJUNEN the animals concentrate into this
pool; it is a special case, since it is the only pool deep enough to allow
hibernation.

GENERAL DISCUSSION AT THE END OF THE FIRST DAY
Wat is the meaning of dispersal? According to LINDROTH dispersal means:
enlargement of area (in the opinion of DEN BOER also: refounding of extinct
populations). Dispersal will result from a 'drive' within the individual
(physiological impulse?) and is not a 'character' of the species (no species
has a 'drive' to increase its area of distribution or even to survive). If this is
correct individual reactions must be studied (important consequence: the
rate of dispersal may differ in different populations of the same species and
will vary in time in the same population). Dispersal will be either wholly in
ternally stimulated, or will be influenced (partly?) by external factors with
the main aim to 'escape'.
Long-range dispersal will always be 'accident'. DEN BOER does not suppose
dispersal behaviour to be completely genetically fixed within a species. For
the moment he prefers to ask more generally: why do animals fly away ?
However, individuals of some species seem to be more inclined to fly than
individuals of other species.
VLIJM points to the possibility that migration between reproduction and
hibernation habitats may be different from dispersal. There may also be a
relation with diapause as another means to escape adverse conditions. DEN
BOER mentions that dispersal may also occur after the reproductive season
and even after the hibernation of old individuals. Although dispersal must
be considered to result from individual reactions, there are obvious differ
ences between species in this respect.
MEIJER mentions that in the case of Linyphiids-spiders the same problems
arise in connection with 'ballooning'. By combining different methods of
research and sampling weekly it must be possible to answer these questions.
This discussion is continued on the second day in connection with the
paper of DEN BOER.
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SOME ASPECTS OF AERIAL DISPERSAL IN
DIFFERENT POPULATIONS OF WOLF
SPIDERS, WITH PARTICULAR REFERENCE
TO PARDOSA AMENTATA
(ARANEAE, LYCOSIDAE)
C.J.J. RICHTER*

INTRODUCTION

Mass aerial dispersal by spiders has often been explained on the basis that
their habitats become unfavourable due to micro-climatic changes (NIELSEN,
1932, BRISTOWE, 1929, KAJAK, 1959, and NISHIKI, 1966). As aerial dispersal
often takes place in summer, when the habitat is not subject to conditions
likely to make it unfavourable for the species (DUFFEY, 1956), the hypothesis,
that within a taxon one should find a higher level of migratory movement in
those species associated with temporary habitats than in those with more
permanent ones, seems more valid (SOUTHWOOD, 1962).
In the present study these aspects of aerial dispersal will be compared and
discussed for eight wolf spider species (genus Pardosa) and particularly for
P. amentata. The species selected are the most common Dutch species and
they can be arranged in three systematic groupings (WIEBES, 1959). The
P. amentata group: P. amentata (CLERCK), P. nigriceps (THORELL), P. lugubris
(WALCKEXAER). The P. pullata group: P. pullata (CLERCK), P. prativaga
(L. KOCH). The P. monticola group: P. monticola (CLERCK), P. palustris (L.)
and P. purbeckensis F. O. P. CAMBRIDGE.
EXPERIMENTAL CONDITIONS FOR TESTING AERONAUTIC BEHAVIOUR

Test animals of approximately the same stage were put on a wooden frame
on a small island of stones in a container of water (RICHTER, 1967). This set
up was placed in a climate room in which light intensity, temperature and
humidity could be varied. The animals were exposed to air currents coming
from a ventilator at an angle of 45 degrees (Fig. 1). The upward air current
was not continuous but was switched on and off at two minute intervals. The
climatic conditions on top of the frame were measured using a Lux meter
(light), a resistance thermometer (temperature), a lithium chloride'dew cell'
element (humidity) and a hot wire-anemometer (wind). The climatic con
ditions used in most of the experiments were : light intensity 5000 lux, tem
perature 27 °C, relative humidity 60%, wind velocity 1.5 m/sec. Samples,
* Paper read also in the name of J. POST SPLINTER.
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Fig. 1. Scheme of the experimental conditions for testing aeronautic behaviour.

each containing 20 specimens, were put on the wooden frame and exposed to
these conditions for 20 minutes, and the number of times 'tip-toe' behaviour
(see RICHTER, 1970a) was performed was noted. In other experiments the
specimens which showed 'tip-toe' behaviour were removed and the number
of these potential aeronauts in each sample was recorded.
THE INFLUENCE OF SOME CLIMATIC FACTORS ON AERONAUTIC BEHAVIOUR

a. Wind.
The effect of different wind speeds on different size groups of P. purbeckensis
was tested. The animals were exposed to the climatic conditions mentioned
in the previous section, only the wind speed was varied from less than 0.1
m/sec to 2.6 m/sec. The animals were tested in a room with a low ceiling
(distance between top of frame and ceiling 50 cm) to prevent them from
floating away. Thus the spiders could emit silk threads under such conditions
but did not become airborne, as these threads stuck to the ceiling. When this
78

happened the spiders attached the silk thread to the substrate with an at
tachment disc, cut the thread, and started the 'tip-toe' behaviour afresh. The
total number of times 'tip-toe' behaviour was performed by a group of
specimens during a 20 minute period was recorded. The totals for the various
size groups are given in Table 1 and the percentages of the different size groups
are plotted in Fig. 2. From the results it can be concluded that all size
groups showed most 'tip-toe' behaviour with wind speeds between 0.35 and
1.70 m/sec. The largest size group exibited the smallest amount of 'tip-toe'
behaviour (Table 1).
TABLE 1. Number of times aeronautic behaviour was observed in different size groups of Pardosa
purbeckensis under different wind speeds (m/sec.). Size groups (céphalothorax length):
Group I 0.78 ± 0.02 mm, Group II 1.01 ± 0.06 mm and Group III 1.21 ± 0.06 mm
(20 specimens used per experiment).
Wind speed
in m/sec.

Group I

Group II

Group III

< 0.1
0.35
1.10
2.60

64 (18.2)*
151 (43.0)
121 (34.5)
15 ( 4.2)

64 (16.0)
142 (35.5)
165 (41.2)
29 ( 7.2)

13 (10.8)
40 (33.3)
52 (43.3)
15 (12.5)

Total

351

400

120

* Percentages, in brackets.

% exhibiting
t.t. behaviour
50-

mean ceph. length
• 0.78 t 0 . 0 2 m m
• 1.01 ± 0 . 0 6 m m

40-

•

1.211 0 . 0 6 m m

30Fig. 2. Number of times, ex
pressed in percentages, aero
nautic behaviour was ob
served in different size groups
of Pardosa purbeckensis under
different wind speeds (m/sec).

20-

10

I

<0.1

0.35

1.70

2.60 m/sec

b. Temperature and humidity.
The influence of temperature and humidity on aeronautic behaviour was
also investigated with P. purbeckensis. Specimens with a céphalothorax length
of 0.8-1.0 mm were used. The light intensity (5000 lux) and wind velocity
(1.4 m/sec.) were kept constant while the temperature and relative humidity
were varied. As in the previous experiment the total number of times 'tip-toe'
behaviour was observed, in a group of 20 specimens during a period of 20
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TABLE 2. Number of times aeronautic behaviour was observed in Pardosa purbeckensis under different

conditions of temperature and humidity. Two experimental groups, of 20 specimens each,
were tested.

Temperature

18-19 'C
23-24 C
28-29 C
33-34 C

RH

RH

RH

30^°%

50^°%

70^°%

Exp. 1

Exp. 2

Exp. 1

Exp. 2

Exp. 1

Exp. 2

93
312
432

96
292
219

82
159
239
285

14
201
242
156

126
148
180
239

58
187
142
142

number exhibiting
1.1. behaviour

400-

300-

200-

100-

L//

•

,

20

P. purbeckensis

,

30

,

40 °C
temperature

Fig. 3. Relation between tempera
ture and number of specimens
exhibiting 'tip-toe' behaviour in
Pardosa purbeckensis.

minutes, was recorded. The experiment was performed twice (Exp. 1 and
Exp. 2). The results are given in Table 2. The various temperatures were
plotted against the numbers of times 'tip-toe' behaviour was observed
(Fig. 3) as were the temperature and the humidity (expressed as saturation
deficit) (Fig. 4). A statistically significant positive correlation was found
between temperature and aeronautic behaviour (r = + 0.69, PcO.Ol) and
between saturation deficit and aeronautic behaviour (r = 0.61, PcO.Ol).
This means that warm, dry air facilitates aerial dispersal.

number exhibiting
1.1. behaviour

500-

400-

300-

. «
200-

100-

Fig. 4. Relation between satura
tion deficit and number of speci
mens exhibiting 'tip-toe' behav
iour in Pardosa purbeckensis.
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AERONAUTIC BEHAVIOUR DURING THE SUMMER

In early summer (beginning ofJune-mid-July), in all species of wolf spider,
a new generation emerges. These instars moult five or six times before they
reach the sub-adult stage, in which they normally hibernate. At the end of
July and in August a second generation, much smaller in number, emerges,
which probably hibernates in a younger growth stage. The growth stages
found, in the populations studied, at the end of the summer are given for the
different species in Fig. 5.
In this section it is intended to estimate the percentage of potential aero
nauts in young and old instars to get an idea about aerial dispersal in early
and late summer. Young instars with a céphalothorax length (0.8-1.0 mm)
which emerged from egg-sacs of females sampled in the field and older instars
(1.4—1.7 mm) selected from the field samples (Fig. 5) were tested. The
specimens which showed 'tip-toe' behaviour were removed from the experi
mental set-up and the number of the potential aeronauts in samples, each of
20 specimens, was recorded. The estimates on aeronautic behaviour of the
eight species used are given in Table 3. The results indicate that the mean
percentage of potential aeronauts in young instars is much higher than for
the older instars. This is in agreement with earlier investigations (RICHTER,
1970a) on P. amentata and P. purbeckensis, in which many different size-classes
were tested for aeronautic behaviour. Furthermore it appears that within the
three taxonomie groups there are, with respect to the younger instars, large
specific differences ranging from 0.05-44.10 % for the P. amentata group ;
from 14.50-46.15 % for the P. pullata group and from 26.55-65.00 % for the
P. monticola group. Thus, bearing in mind that small instars disperse more
readily than larger ones, and that some species exhibit a fair amount of
TABLE 3. Estimates of the aeronautic behaviour of eight species of Pardosa. The mean percentage of
potential aeronauts for young and old instars is given; n is the number of animals tested,
the céphalothorax length is given in mm.
Young instars

n

ceph. length
in mm

mean percen
tage of
potential
aeronauts

500
220
380
200
260
260
260
400

0.8-1.0
0.8-1.0
0.8-1.0
0.8-1.0
0.8-1.0
0.8-1.0
0.8-1.0
0.8-1.0

2.80
44.10
0.05
14.50
46.15
26.55
65.00
40.75

Species

P. amentata
P. nigriceps
P. lugubris
P. pullata
P. prativaga
P. monticola
P. palustris
P. purbeckensis
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Old instars

n

ceph. length
in mm

mean percen
tage of
potential
aeronauts

20
20
20
20
20
20
20
20

1.6-1.7
1.5-1.6
1.5-1.6
1.5-1.6
1.4-1.5
1.4-1.5
1.5-1.6
1.5-1.6

0.00
0.00
0.00
5.00
5.00
0.00
0.00
10.00

number of
40-t specimens
30-

P.nigriceps

P.amentata

20-

10

-X=d

Sf-r

Mb

-JJ

-F=Q-

40P. lugubris

30-

P. pullata

20
10-
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Fig. 5. Frequency distribution of the different size groups from populations of eight Pardosa
species.

aerial dispersal and others not, it is possible, from examining the age struc
tures of the populations at the end of the summer (Fig. 5), to assess the degree
of aerial dispersal which is likely be occurring. One may conclude that in the
populations of P. amentata, P. lugubris, P. pullata, P. monticola and P. palustris
aerial dispersal is not likely to occur at the end of the summer, whereas in
P. nigriceps, P. prativaga and P. purbeckensis a part of the population could still
disperse.
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THE PERSISTENCE OF AERONAUTIC BEHAVIOUR ON SIX CONSECUTIVE DAYS
LINDROTH (1945a and b, 1949, 1953) has shown that in carabid beetle
populations showing wing dimorphism, while the winged individuals can be
regarded as potential migrants, a greater or lesser proportion of these indi
viduals will not fly, or are not capable of flying. In the assessment of aero
nautic behaviour in wolf spiders there is a similar problem with respect to the
non-aeronauts. One can pose the question as to whether a specimen which
does not disperse by wind on one day, will do so the next day. Therefore a
group of 105 specimens of P. purbeckensis was tested for aeronautic behaviour
on 6 consecutive days. On day no. 1 they were divided into two groups
according to whether they exhibited 'tip-toe' behaviour or not and each
group was then tested on 5 subsequent days (Table 4). The results indicate
that the percentage of specimens exhibiting 'tip-toe' behaviour remained
high (66.6-84.7) on the 5 subsequent days in the group which exhibited
'tip-toe' behaviour on day 1 and remained low (14.2-25.0) in the group
which exhibited no 'tip-toe' behaviour on day 1. The percentage of speci
mens exhibiting 'tip-toe' behaviour in the whole sample did not fluctuate
greatly on the 6 consecutive days (43.8-58.9).
Although the persistence of the aeronautic behaviour was not tested for
individual specimens, the experiments indicate that the aeronautic be
haviour is restricted to certain individuals in a population.
TABLE 4. Groups of spiders (Pardosa purbeckensis) tested for exhibition of 'tip-toe' behaviour on 6

consecutive days. On day no. 1 a sample of 105 spiders was divided into two groups ac
cording to whether the spiders exhibited 'tip-toe' behaviour or not and each group was
then tested on 5 subsequent days.
Day
no.

1
2
3
4
5
6

Total*
number

Number (and
percentage) of
specimens exhibiting't.t. behaviour'

Total**
number

Number (and
percentage) of
specimens exhibiting't.t. behaviour'

59
58
46
36
27
23

59 (100.0)
47 ( 79.6)
39 ( 84.7)
27 ( 75.0)
18 ( 66.6)
16 ( 69.5)

46
44
42
35
28
27

0 ( 0.0)
11 (25.0)
10 (23.8)
6(17.1)
4 (14.2)
6 (22.2)

Percentage of
specimens exhibiting 't.t. behaviour'
of the whole sample
43.8
52.9
44.3
53.5
58.9
56.0

* Number of animals, which initially exhibited 'tip-toe' behaviour.
* * Number of animals, which initially exhibited no 'tip-toe' behaviour.

AERONAUTIC BEHAVIOUR IN YOUNG AND OLD POPULATIONS OF
PARDOSA AMENTATA

The frequency of macropterous individuals in recently founded populations
of dimorphic carabid beetles is much higher than in old populations
(LINDROTH, 1949, DEN BOER, 1970). This phenomenon can be explained by
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the fact that the macropterous individuals are the main invaders of new
areas (DEN BOER, 1970). As the presence of wings probably has a hereditary
basis (LINDROTH, 1946) it is understandable that young populations will
keep a high percentage of macropterous specimens for a long time.
In the light of the above mentioned data it seemed of interest to compare
the percentage of potential aeronauts in young and old populations of wolf
spiders. It was decided to test such percentages for P. amentata, a rather
eurytopic species with a relatively low percentage of potential aeronauts
(Table 3). Two young areas were selected: a polder near Amsterdam and
one in O-Flevoland, and two old areas; a lake near Loosdrecht and a
marsh in a woodland (Wieden). In each area females with cocoons were
collected and 20 specimens of the emerging spiderlings from each cocoon
were tested for aeronautic behaviour. The numbers of cocoons collected and
the distribution of cocoons, indicating the percentage of spiders from each
cocoon exhibiting 'tip-toe' behaviour, are given in Table 5. No statistically
significant difference between the percentage of cocoons containing potential
aeronauts in young and old populations were found (confidence limits 99 %).
It is noteworthy that in the young population of O-FIevoland three co
coons with an unusually high percentage of potential aeronauts were found.
TABLE 5. Aeronautic behaviour in two young (Amsterdam and O-Flevoland) and in two old

(Wieden and Loosdrecht) populations of Pardosa amentata.
Locality

Amsterdam
East-Flevoland
Wieden
Loosdrecht

Number of
cocoons
collected

27
45
23
42

Distribution of cocoons, indicating
percentage of spiders from each cocoon
exhibiting 't.t. behaviour'
0%

5%

10%

16
27
9
30

8
10
9
9

3
5
4
3

15%

20%

2

25%

30%

35%

1

1

DISCUSSION AND CONCLUSIONS

The results of the present study have shown that aeronautic dispersal in
Pardosa species generally occurs in the young instars. The climatic conditions,

particularly wind but also temperature and humidity, affect the occurrence
of aerial dispersal. From examining the age structure of Pardosa populations
at the end of the summer it is likely that in three species {P. nigriceps, P.prativaga and P. purbeckensis) aerial dispersal could still occur in autumn.
In all three systematic groups studied: the P. amentata group; the P.pullala
group and the P. monticola group, aeronautic behaviour was observed. Within
the different systematic groups species with relatively high and relatively low
dispersal capacities occur (percentage of individuals exhibiting 'tip-toe' be
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haviour is used as a measure of dispersal capacity; cf. RICHTER, 1970a). AS
aeronautic behaviour (normally resulting in aerial dispersal) is not related to
one particular systematic group its occurrence may possibly be explained on
an ecological basis.
SOUTHWOOD (1962) advanced the hypothesis that within a taxon one
should find a higher level of migratory movement in those species associated
with temporary habitats than in those with more permanent ones. The
effects of crowding, predators and abundance of food were thought to be of
secondary importance with respect to the way in which species differed in
their capacity to migrate. The dispersal capacity of species in relation to
habitat has been discussed for carabid beetles by LINDROTH (1949) and
DEN BOER (1970). Both these workers believe that species living in unstable
environments 'invest' extensively in dispersal. DEN BOER (1970) added to the
hypothesis that not only populations living in an unstable environment, but
also many sparse populations in more stable environments, may have a high
dispersal capacity.
In the light of the above views it seemed of interest to compare the
characteristics of the habitats, namely its abundance and stability, of the
Pardosa species studied, in relation to their capacity to disperse by wind. This
has been published elsewhere (RICHTER, 1970a). The classification of the
habitats of each species is given in Table 6, based on descriptions by DAHL
(1908), LOCKET and MILLIDGE (1951, 1953), WIEBES (1959) and RICHTER
(1970b). From this table it can be concluded that species living in habitats
which are abundant (P. amenlata, P. pullata and P. lugubris) have low disper
sal capacities whereas the converse is true for species living in rare habitats
(P. purbeckensis, P. prativaga and P. palustris). P. monticola is intermediate in
position, having a fairly common habitat and fairly low dispersal capacity.
No explanation can be given for the high dispersal capacity of P. nigriceps, a

TABLE 6. The abundance and stability of the habitats occupied by eight Pardosa species in relation

to their dispersal capacity.
Habitat
Species

Abundance
abundant

P. amenta ta
P. nigriceps
P. lugubris
P. pullata
P. prativaga
P. monticola
P. palustris
P. purbeckensis

86

Stability

rare

stable

+

Dispersal
capacity

unstable
+

+

+
+

+
+

+
+
+

+
+

+
+

+
+

2.80
44.10
0.05
14.50
46.15
26.55
65.00
40.75

species with a fairly common habitat. It can further be concluded from
table 6 that the stability of the habitat is probably of secondary importance.
Within the group of species with abundant habitats it is noteworthy that in
the case of P. lugubris the combination of an abundant stable habitat goes
together with a very low dispersal capacity.
A preliminary experiment on the persistence of the aeronautic behaviour
indicated that in a population of wolf spiders a part of the individuals can be
considered as the potential migrants. When the assumption is made that the
presence of aeronautic behaviour in wolf spiders is inherited then one would
expect that young populations will retain a high percentage of individuals
exhibiting 'tip-toe' behaviour for a long time (compare the high percentage
of macropterous individuals of some dimorphic carabid species in OFlevoland with those of old populations in Drenthe (DEN BOER, 1970)). Such
a difference with regards to aeronautic behaviour, however, was not found
between two young and old populations of P. amentata.
SUMMARY

Climatic conditions, particularly wind but also temperature and humidity,
affect the occurrence of aerial dispersal. In the eight Pardosa species studied,
aerial dispersal occurs generally in the young instars. From examining the
age structure of Pardosa populations at the end of the summer it appears that
in some species aerial dispersal is restricted to the summer months, whereas
in others it could still occur in autumn. Within the different systematic
groups in the genus, species with relatively high and relatively low dispersal
capacities occur. These differences in dispersal capacity are discussed in
relation with the abundance and stability of the habitat, in which the species
are found.
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DIE AUSBREITUNGSFÄHIGKEIT VON
CARABIDEN IN DEN FORSTLICHEN
REKULTIVIERUNGEN DES RHEINISCHEN
BRAUNKOHLENREVIERS
ULRICH NEUMANN

Die Ausbreitungsfahigkeit von Carabiden läßt sich außer auf gewonnenem
Neuland an der Meeresküste (HEYDEMANN, 1960/1962) auch besonders gut
auf rekultivierten Kippenflächen studieren. Das westlich von Köln liegende
Braunkohlentagebaugebiet bot sich für eine solche Untersuchung an. In den
Jahren 1963 und 1964 wurde mit Hilfe der Barberfallenfangmethode die
Sukzession der Carabiden verfolgt (NEUMANN, 1971). Je 5 Fallen wurden in
verschieden alten Beständen über das ganze Jahr aufgestellt.

DIE UNTERSUCHTEN STANDORTE
Standorte

Art der Aufforstung

Alter

KO
K3
P2
P3
P5
P7
P 11
R 28
P282
P 25
P28,
Bk

Kippe
Kippe
Pappel und Buche, Vermehrung der Krautvegetation
Pappel und Buche, bodenbedeckende Vegetation
Erle
Pappel und Erle
Pappel und Erle, Kronenscluß
Roteiche
Pappel und Erle
Pappel und Erle
Pappel und Erle
Buche

Ek

Eiche

1 Jahr
3 Jahre
2 Jahre
3 Jahre
5 Jahre
7 Jahre
11 Jahre
28 Jahre
28 Jahre
25 Jahre
28 Jahre
ursprünglicher Wald
oder Naturwald
ursprünglicher Wald
oder Naturwald

DIE EINE SUKZESSION BEEINFLUSSENDEN FAKTOREN

1. Die Entfernung zwischen Aufforstungen und Naturwald
Wenn eine ältere Aufforstung weit entfernt vom Naturwald liegt, dauert
es sehr lange, bis sich eine reichere Bodenfauna entwickelt, da die Aus
breitungsgeschwindigkeit der Tiere meist sehr gering ist. Zusätzlich spielen
Kippen und junge Aufforstungen zwischen alten Aufforstungen und Natur89

Abb. 1.
a. Eine bepflanzte Kippe.

wald die Rolle einer Barriere, die von Waldtieren nicht überwunden werden
kann.
Die Entfernungen zwischen einigen Standorten und Naturwald sind die
folgenden (Abb. lb):
Standort

Entfernung

KO
K 3 bis P 11
R 28 und P 282
P 25
P 28,

1 km
2,5 km (P 5) bis 6,5 km (P 2)
1 km
300 m, umgeben von Kiefernwäldern
in der Nachbarschaft von Naturwald

2) Die Entwicklung der Aufforstung
Es ist wichtig, daß eine Kultur sehr dicht begründet wird, damit das
Sonnenlicht, welches einer Waldbodenfauna abträglich ist, nicht zur Boden
oberfläche dringen kann. In einem lichten Bestand wird sich eine Wald
bodenfauna nur sehr langsam entwickeln.
3) Das Nahrungsangebot
Carabiden als carnivore Tiere sind von ihren Beutetieren abhängig. Diese
müssen also schon vorher in eine Aufforstung eingewandert sein, wenn dort
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b. Lage der Standorte im Untersuchungsgebiet.
: Grenze des ehemaligen Abbaugebietes gegen Freiland
: Grenze des ehemaligen Abbaugebietes gegen ursprünglichen Wald
: Kippen innerhalb, Felder und Gärten außerhalb des Untersuchungsgebietes
: 1-25-jährige Aufforstungen
: 25-30-jährige Aufforstungen
: Ortschaften

Carabiden Lebensmöglichkeiten finden sollen, z. B. müssen Schnecken vor
Cychrus caraboides L. und Regenwürmer vor Abax ater VILL. (LÖSER, mündl.

Mitt.) das neu zu besiedelnde Areal erreicht haben.
4) Das Mikroklima
Viele Autoren (THIELE, 1964, LAUTERBACH, 1964, etc.) konnten zeigen,
daß das Mikroklima einer der entscheidendsten Faktoren für die Biotop
bindung von Carabiden ist.
a) Temperatur (Abb. 2).
Mit der Entwicklung der Bestände wird der Tagesgang der Temperatur
ausgeglichener. Auffällig ist der große Unterschied zwischen P 7 und P 11.
Hier prägt sich die Auswirkung der Dichte des Bestandes P 11 aus; P 11
besitzt ein fast geschlossenes Kronendach.
b) Relative Luftfeuchtigkeit (Abb. 3).
Auch die Luftfeuchtigkeit von P 7 ähnelt der Kippe K O, wohingegen P 11
schon Verhältnisse eines Waides aufweist.
c) Evaporation (Abb. 4).
Natürlich zeigt K O die höchste Evaporation. Wieder ist der Unterschied
zwischen P 11 und P 7 deutlich, aber auch der zwischen P 7 und K O.
Ursache ist die Windwirkung, die in P 7 nicht vorhanden ist.
d) Ergebnisse.
Kippen zeichnen sich durch ein Mikroklima aus, das an Sommertagen
durch Extreme gekennzeichnet ist. Die jungen Rekultivierungen (P 2 bis
P 7) gleichen in ihrem Mikroklima noch sehr einem Kippenstandort, aber
die Verdunstung wird durch die Vegetation vermindert. Das Mikroklima
der Waldstandorte ist ausgeglichener, ein 11-jähriger Bestand kann bei dich
tem Bau schon ein Waldmikroklima aufweisen.
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Abb. 2. Tagesgang der Temperatur vom
6.8.1964, gemessen 5 cm über dem Boden.
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Abb. 3. Tagesgang der relativen Luft
feuchtigkeit vom 6.8.1964, gemessen
5 cm über dem Boden.

5) Die Bodenfeuchtigkeit
Für die Carabiden, die meist im Boden (als Larven) oder in der Streu
leben, ist auch die Bodenfeuchtigkeit von größter Wichtigkeit. Neben der
Art des Bodens ist diese von der Dichte des Pflanzenkleides abhängig. In P 11
(Abb. 5) prägt sich wieder das dichte Kronendach aus; die Bodenfeuchtig
keit entspricht der der ältesten Aufforstungen und ursprünglichen Wälder.
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a: am 17.8.1964
b: am 12.9.1966
• : an der Bodenoberfläche
• : in 5 cm Tiefe
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R28 P282 P25 P28, Bk

Ek

Abb. 5. Die Bodenfeuchtigkeit der untersuchten Standorte in Gewichtsprozenten.
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Abb. 6. Arten- (•) und Individuenzahl (• ) der Carabiden in den untersuchten Stand
orten.

BESCHREIBUNG DER SUKZESSION DER CARABIDEN

Die auf den Kippen vergleichsweise geringe Arten- und Individuenzahl
(Abb. 6) ändert sich nach Begründung einer forstlichen Kultur. Bei zuneh
mender Bedeckung des Bodens durch Vegetation stellen sich viele neue
Arten ein, die sich z. T. auch sehr stark vermehren (P 3), so daß in solchen
Beständen neben der größten Artenzahl auch die höchste Individuenzahl an
Carabiden festzustellen ist. Es handelt sich hier um eine Pioniergesellschaft.
Mit weiterer Entwicklung der Bestände nehmen Arten- und Individuenzahl
der Pionierfauna wieder ab, die Arten der jungen Aufforstungen finden jetzt
keine Lebensmöglichkeiten mehr und verschwinden wieder. Hingegen fin
den ab P 11 Waldarten Lebensmöglichkeiten. Sie sind hier trotzdem kaum
anzutreffen, weil Waldarten im Gegensatz zu den Arten der jungen Auffor
stungen meist nicht flugfähig sind (Abb. 7). P 11 ist für die eigentlichen
•/.

1™

KO

K3

P2

P3

P5

P7

P11

R28 P282 P25 P28, Bk

Ek

Abb. 7. Anteil der nachweislich flugfähigen und wahrscheinlich flugfähigen (f + (f) ) Carabidenarten am Artenbestand der untersuchten Standorte, b = Anteil brachypterer Arten.
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Waldarten zu weit von den Naturwäldern entfernt, welche das Herkunfts
gebiet der Waldarten darstellen. Die hier vorkommenden Arten gehören
somit zu einer Übergangsgesellschaft. Auch R 28 ist noch zu weit von Natur
wald entfernt, aber auch alle Arten der jungen Aufforstungen sind ver
schwunden, so daß hier die niedrigste Arten- und Individuenzahl anzutreffen
ist. Die geringere Individuenzahl der Waldfauna von P 25 und P 28t - im
Vergleich zu den Naturwäldern - hat vielleicht ihre Ursache darin, daß
manche Nahrungstiere der Carabiden noch nicht eingewandert sind.
Die Tabelle 1 zeigt die Zusammensetzung der verschiedenen Carabidengesellschaften (nur die häufigeren Arten sind aufgeführt) im einzelnen. Es
wird deutlich, daß die Pioniergesellschaft aus 2 Gruppen besteht. Während
die eine Gruppe Kippen und freie Flächen in den jungen Rekultivierungen
besiedelt, scheint die andere auf das Vorhandensein von Bodenvegetation an
gewiesen zu sein. In P 11 tritt die Übergangsgesellschaft auf, die aus Wald
arten zusammengesetzt ist, die einen relativ lichteren und damit wärmeren
Waldstandort vorziehen. Ab R 28 treten die Waldarten auf, wie sie für
feuchtere und kühlere Wälder charakteristisch sind. Noch ist die Fauna sehr
arm, und erst in den dem Naturwald benachbarten Aufforstungen vermehrt
sich die Zahl der Arten. Abax ovalis und Molops piceus aber bleiben auf den
Naturwald beschränkt. Eine Gruppe von Carabiden besiedelt alle unter
suchten Standorte. Hierzu gehört Car abus problematicus. Außer in den Wald
standorten zeigt er besonders in den trockenen und jungen Rekultivierungen
ein gehäuftes Vorkommen. (Ein Vorkommen von C. problematicus auf Freiland
ist im Rheinland nicht bekannt). Ursache hierfür könnten besondere hydro
logische Verhältnisse des Kippenbodens sein (NEUMANN, 1971).
VERSUCHE ZUR AUSWANDERUNG

Waldcarabiden müssen, um neue Waldgebiete besiedeln zu können, vor
her aus ihren ursprünglichen Lebensarealen auswandern. Es war zu klären,
ob Carabiden, die die Umweltklimaverhältnisse sofort registrieren, beson
ders im Frühjahr und Herbst auswandern, nämlich dann, wenn gleiche
Klimaverhältnisse im Wald und offenen Gelände herrschen, oder ob sie zu
jeder Jahreszeit den Waldstandort zufällig verlassen, sich dann verirren und
entweder zugrundegehen oder wieder einen geeigneten Standort finden, in
dem ihr Fortleben gesichert ist.
Dazu wurden 6 parallele Fallenreihen zu je 10 Fallen folgendermaßen
aufgebaut: Eine erste Reihe befand sich im Wald, die zweite Reihe am
Waldrand, die nächsten Reihen lagen im Abstand von 8, 13, 22 und 36 m
parallel zum Waldrand entfernt.
Von den gefangenen Carabidenarten standen auswertbare Individuen
zahlen nur von Abax ater und Carabus problematicus zur Verfügung.
A. ater wandert kaum aus dem Wald aus und zeigt kein vermehrtes Aus95
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Abb. 8. Fangzahlen von Carabus problemalicus (a) und Abax ater (b) im Wald (W) und auf
angrenzender Kippe (K). Jede Säule entspricht dem Fangergebnis von 10 Fallen. Die rö
mischen ZifTern bedeuten die Monate, in denen die Fangergebnisse hauptsächlich gewon
nen wurden.

wandern im Herbst und Frühjahr (Abb. 8). C. problemalicus wandert viel
leicht eher im Frühjahr und Herbst aus. Das Verhältnis der Individuen
zahlen Wald / Kippe ist in IV (Frühjahr) und X (Herbst) 3 : 1, in VIII und
IX (Spätsommer) 40 : 1.
VERSUCHE ZUR ORIENTIERUNG

Wie findet nun ein Waldcarabide wieder in einen geeigneten Standort
zurück? Findet er den neuen Standort zufällig? Nach Versuchen von
LAUTERBACH (1964) ist für einige Carabidenarten gesichert, daß der Lauf
käfer den Wald, sobald er in eine Mindestentfernung von diesem gelangt,
zielgerichtet aufsucht. Ein Wald bildet bei Tag und Nacht eine dunkle
Silhouette gegen den helleren Himmel, nach der sich der Käfer richtet; er
orientiert sich nach der Horizonthelligkeit. Die Zuwendung zum Wald steht
in Abhängigkeit zu dem Winkel (Horizontwinkel), unter dem sich die Sil
houette, vom Tier aus betrachtet, über den Horizont erhebt. LAUTERBACH
hatte sogenannte Wahlquadrate von 1 und 2 m2 Fläche verwendet, deren
Seiten von Fangrinnen und künstlichen oder natürlichen Silhouetten um
geben waren. Die Bodenoberfläche bestand aus künstlichem oder natür
lichem Material. In der Mitte der Quadrate wurden die Käfer aufgelassen,
wonach sie sich einer bestimmten Silhouette zuwandten.
In Anlehnung an die Versuche LAUTERBACH'S untersuchte ich das Orien
tierungsvermögen von Abax ater und Carabus problemalicus im Freiland
während ihrer Aktivitätszeit.
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Versuchsanordnung: Auf einer bepflanzten Kippe, die an einen Wald
angrenzte, wurde ein Fallenkreis (90 Fallen, r = 7 m) in 3 verschiedenen
Abständen zum Wald aufgebaut. Die Abstände des Fallenkreis-Mittelpunk
tes zum Waldrand betrugen 17, 34 und 64 m entsprechend einem Horizont
winkel von 30°, 20° und 10°. Am Waldrand selbst waren nochmals 100
Fallen in 1 m Abstand voneinander aufgebaut, um zu registrieren, in welcher
Zeit die Käfer den Waldrand erreichen. Die markierten Käfer wurden am
Tage in der Mitte des Kreises aufgelassen und verkrochen sich sofort. In den
folgenden Tagen wurden die Fallen im Kreis und am Waldrand kontrolliert.
Ergebnisse :
C. problematicus (Abb. 9).
Versuch bei
Horizontwinkel
von
30°
10°
20°

Anzahl
aufgelassener
Käfer

Aufgelassen
am

Halbkreis/
Waldrichtung*

Gesamtwiederfang
ausgesetzter Tiere
im Kreis und am
Waldrand in 5 Tagen

323
551
493

14.9.1965
22.9.1965
29.9.1965

85%
78%
66%

58%
40%
45%

* Anteil aller in 4 Tagen im Kreis wiedergefangener Tiere in dem Halbkreis, der die Waldrichtung
repräsentiert.

** I o

Abb. 9. YViederfang und Richtungswahl der in einem Fallen
kreis in 17 m (30°), 34 m (20°) und 64 m (10°) Entfernung
vom Waldrand ausgesetzten Käfer (Carabus problematicus).
Kürzeste Säule auf einem Kreis = 1 Tier
Ziffern innerhalb des Kreises = Fallen-Nummer
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Der Versuch bei 20° zeigt schlechtere Ergebnisse als bei 10°, weil die
Aktivität der Tiere allmählich nachließ. Jeweils in der 1. Nacht erreichten
Käfer den Waldrand; bei dem 10"-Versuch hatte somit 1 Tier eine Entfer
nung von 77 m zurückgelegt, die aber höher liegen muß, da während des
Laufs des Käfers auf den Wald zu die Silhouette immer wieder durch
Störfaktoren, wie Unkrautvegetation, Bodenfurchen und Bäume, ver
schwand und der Käfer infolgedessen nicht geradlinig lief. Die große Ent
fernung konnte er aber bewältigen, weil er ein Ziel anstrebte.
A. ater (Abb. 10)
Versuch bei
Horizontwinkel
von

H

Anzahl
aufgelassener
Käfer

Aufgelassen
am

Halbkreis/
Waldrichtung

Gesamtwiederfang
ausgesetzter Tiere
im Kreis und am
Waldrand in 5 Tagen

* L0

HorizoPHw.nliei 20*

Abb. 10. Wiederfang und Richtungswahl der in einem
Fallenkreis in 17 m (30°) und 34 m (20°) Entfernung
vom Waldrand ausgesetzten Käfer (Abax ater).
Kürzeste Säule auf einem Kreis = 1 Tier
Ziffern innerhalb des Kreises = Fallen-Nummer

A. ater erreichte nur bei dem 30 "-Versuch den Waldrand in der ersten

Nacht.
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Beide Arten bevorzugen die Richtung der dunklen Waldsilhouette. C. problematicus besitzt aber ein besseres Orientierungsvermögen und läuft auf den
Wald aus größerer Entfernung als A. ater zielstrebig zu.
C. problematicus wandert eher aus dem Wald aus, er findet Lebensmöglich
keiten in jüngsten forstlichen Rekultivierungen und strebt aus größerer Ent
fernung auf einen Waldstandort zu. Er ist somit sehr viel befähigter als
A. ater, einen neuen Waldstandort zu besiedeln.
DIE EINWANDERUNGSGESCHWINDIGKEIT DER AUSGESETZTEN CARABIDEN
IN DEN WALD

In dem Wald, auf den die markierten Tiere im Orientierungsversuch zu
liefen, waren in einem Quadrat 100 Fallen in jeweils 4 m Abstand vonein
ander aufgestellt. Die 1. Fallenreihe war 7 m, die letzte 43 m vom Waldrand
entfernt. Hier sollte das Ausbreitungsvermögen der aufgelassenen Käfer
in einen Wald mit größtem Raumwiderstand (dichtes Brombeergestrüpp)
verfolgt werden. Es wurden mehrere Arten untersucht. Ein Unterschied in
der Ausbreitungsgeschwindigkeit der Arten war nicht festzustellen (Abb.
11). Auf 1 Tier ist hinzuweisen: Es wurde 6 Tage vorher 64 m vom Wald
rand entfernt aufgelassen und befand sich zum Zeitpunkt der Kontrolle
(28.9.65) 23 m tief im Waldinnern, d.h. das Tier hat in 6 Tagen 87 m zu
rückgelegt.
Ein Waldstandort von sehr schlechter Permeabilität (HEYDEMANN, 1957)
wird also in relativ kurzer Zeit erobert.

Kipp*
Wold

.

0

E

10
Abb. 11. Fangergebnis vom 28.9.1965 der
auf einer Kippe ausgesetzten und in den
Wald eingewanderten Carabiden.
• : ausgesetzt am 14.9.1965
• : ausgesetzt am 22.9.1965
c = Carabus coriaceus a = Abax ater
y = Cychrus caraboides
ohne Index = Carabus problematicus

36 m
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SUMMARY

The capability of Carabid beetles to spread was investigated in the browncoal mining district of Cologne.
To determine the succession of the Carabids in afiorestated spoil banks of
various ages pitfall-traps were used.
This succession depends on:
1. distance between afforestation and original forest site,
2. the stage of growth of the afforestation,
3. supply of food,
4. microclimate,
5. soil moisture.
Observations of the beginning of the succession of beetles were made in a
pioneer association (in spoil banks and young afforestations), then a commu
nity in the transitional stages, followed by a woodland association.
An experiment was set up during one year, to find out whether Carabids
leave the original site of living more often during favorable climate conditions.
For the investigated beetle species: Carabus problematicus and Abax ater no
definite results were obtained.
Another experiment was made to find out, if Carabids of the woodland,
being placed in the open field, are able to find a way back to a forest site. C.
problematicus and A. ater run straight towards the forest in the background if
the silhouette of the forest is big enough. C. problematicus is capable of seeing
a forest from a farther distance than A. ater.
The beetles, on reaching the forest, penetrated fast into the new forest site:
20 to 40 metres within one week.
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DISCUSSION: DEN BOER, LINDROTH, NEUMANN, STEIN, VLIJM.
VLIJM wonders whether Carabus problematicus really has a better sense of
orientation than Abax ater. Man kann eigentlich nicht sagen, dass Carabus
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problematicus im allgemeinen ein besseres Orientierungsvermögen als Abax
ater besitzt. Wie die Versuche zur Auswanderung zeigten, erlaubt das
Orientierungsvermögen von A. ater diesem nicht, den Wald zu verlassen.
C. problematicus hat nur ein besseres optisches Orientierungsvermögen ausser

halb des eigentlichen Lebensraumes: Wald.
DEN BOER wonders how this mechanism of orientation operates. Carabus
problematicus is night-active. Is the orientation better in relatively light nights
than in very dark nights? In den meisten Nächten herrscht so viel Licht, dass
ein Wald als Silhouette erscheint. In völlig dunklen Nächten funktioniert die
Orientierung der Käfer (nach LAUTERBACH) schlechter.
LINDROTH bemerkt: Die vier Carabidenarten Abax parallelus, Abax ovalis,
Molopspiceus, Pterostichus madidus (?) kommen in Skandinavien nicht vor. Die
Ursache hierfür wird - wie im Untersuchungsgebiet beobachtet - eine ge
ringe Ausbreitungsfähigkeit dieser Arten sein.
STEIN remarks that the reaction upon silhouettes has to change during the
life time. Otherwise the beetles would not be able to leave in larger numbers
the old wood-habitats and also to immigrate into new ones. That would
mean that no dispersal could take place.
Die Orientierung der untersuchten Carabiden nach Silhouetten ändert
sich, soweit bis heute bekannt, im Laufe des Lebens nicht. Kurz vor Ende
ihres Lebenszyklus scheinen sie das Orientierungsvermögen zu verlieren.

103

WIE ISOLIERT SIND POPULATIONEN VON
WALDCARABIDEN IN FELDHECKEN?
HANS-ULRICH THIELE

Manche Waldcarabiden können in offenem Gelände große Distanzen
überbrücken und isoliert gelegene Waldstücke erreichen. Das ist von großer
Bedeutung für die Wiederbesiedlung forstlicher Rekultivierungen in vom
Bergbau devastierten Gebieten (NEUMANN, 1969, 1971).
Andere Waldcarabidenarten meiden dagegen offenes Gelände strikt und
bilden dadurch stark isolierte Populationen in kleinen Gehölzen oder Ge
büschstreifen, die die Feldlandschaft durchziehen ('Feldhecken', Abb. 1).
Die Fauna dieser Standorte setzt sich vor allem aus eurytopen Waldtieren
zusammen. Daß in Feldhecken lebende Waldtiere kaum in die angrenzenden
Felder eindringen, ließ sich schon früher an zahlreichen Beispielen aus dem
Bergischen Land bei Wuppertal am Nordwestrand der Deutschen Mittel
gebirge belegen und aus den klimatischen Ansprüchen der Waldcarabiden
begründen (THIELE, 1964a, b). Arten wie Abax ater oder Pterostichus cristatus

Abb. 1. Bergische Landschaft mit Hecken und Feldgehölzen.
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finden sich in starken Populationen nur im Inneren eines 10 m breiten
Heckenstreifens. Bereits an den Heckenrändern sinkt ihre Anzahl sehr stark
ab. In den benachbarten Feldern fangen sich nur einige Exemplare dieser
Arten. Dabei nimmt die Fangrate mit der Entfernung vom Heckenrand rapi
de ab; in 10 m Abstand von der Hecke kommen praktisch keine Tiere dieser
Arten mehr vor (Tab. 1). Wenn man markierte Exemplare der im Heckenin
neren dominierenden Waldart P. cristatus an den Heckenrand verfrachtet,
so wandern auch diese Tiere nicht in stärkerem Maße auf das Feld aus, als es
spontan geschieht. Sie kehren vielmehr in das Heckeninnere zurück (THIELE,
1964b).
TABELLE 1. Fangraten von 2 Waldcarabidenarten in einer Hecke und ihren Nachbarfeldern
Getreidefeld

Hecke

Kartoffelfeld

10 m 5 m
Im
v. Heckenrand

NW- Inne SWRand
res Rand

Im
5 m 10 m
v. Heckenrand

Pterostichus cristatus
Abax ater

1

3
1

8
3

52
29

413
40

23
22

-

2

-

Anzahl der Fallen

3

3

3

8

8

8

3

3

3

Beim Einsatz sehr großer Fallenzahlen lassen sich in einer Feldhecke auch
Waldarten nachweisen, die beim Einsatz einer geringeren Fallenzahl gar
nicht oder fast gar nicht erfaßt werden (Agonum assimile, Pterostichus niger,
Patrobus atrorufus\ Tab. 2). Dabei handelt es sich um sehr stenotope Wraldtiere, die in den Hecken unter suboptimalen Bedingungen leben. Dies zeigt
der Vergleich mit den außerordentlich viel höheren Fangraten in einem
breiteren Gebüschstreifen, dessen Mikroklimabedingungen waldähnlicher
sind. Auch dieses Gebüsch bietet aber für eine so spezialisierte Waldart wie
TABELLE 2. Populationsgrößen von Carabidenarten unter optimalen und suboptimalen Bedingun
gen (Bezugsgrößen: Gesamtzahl aller gefangenen bodenbewohnenden Coleopteren)

Art

Agonum assimile
Patrobus atrorufus
Pterostichus niger
Molops piceus

Fangrate unter
suboptimalen Bedingungen
Jahresfang
mit 10 Fallen

Monatsfang
mit 42 Fallen

Jahresfang
mit 15 Fallen

keine v. 2525'
keine v. 2525'
keine v. 2525'

13 v. 2455'
15 v. 2455'
1 v. 2455'

82 v. 39552
252 v. 39552
88 v. 39552

1 v. 39552

76 v. 19423

-

1

Feldhecke (Breite 10 m)

2

Breiter Gebüschstreifen (Breite 15-30 m), Jahresfang mit 15 Fallen
Grösseres Waldgebiet, Jahresfang mit 10 Fallen

3
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Fangrate unter
optimalen
Bedingungen

Molops piceus noch keine optimalen Verhältnisse, denn hier fing sich unter
3955 bodenbewohnenden Käfern nur ein Tier dieser Art, im Gegensatz zu
der hohen Fangrate in einem größeren Waldgebiet.
Die kleinen Populationen von Waldcarabiden leben in Feldhecken stark
isoliert. Wanderbewegungen über das offene Feld konnten für diese Arten
gar nicht nachgewiesen werden. Allerdings liegen diese Hecken im Bergi
schen Land eingebettet in ein Netz von kleinen Feldgehölzen und vergrasten
Feldrainen. Abb. 2 zeigt in einer Luftaufnahme die Umgebung der unter
suchten schmalen Hecke. An den Feldrainen entlang könnte ein 'Einsickern'
von Waldtieren in die Hecken erfolgen, ausgehend von größeren geschlos
senen Waldgebieten. Auch das Ausmaß solcher Wanderbewegungen darf
aber nicht überschätzt werden, denn die Fangraten der Waldcarabiden sind
an den Feldrainen sehr niedrig, niedriger jedenfalls als am Heckenrand
(Tab. 3). Bezogen auf gleiche Zeiträume machen die Waldtiere unter den
TABELLE 3. Das Vorkommen von Carabiden in einer Hecke, einem benachbarten Feld und Feldrai
nen (nach THIELE 1964b). Fangzeitraum: 8.8.-11.9.1957
T
Inne-

Nord-

rCS

WeSt;

rand

Südostrand

Kartonelfeld

Feldraine
W

O

-

3

-

-

-

-

-

11

-

-

Anzahl der Fallen

Waidtiere
Pterostichus cristatus Duf.
Carabus problematicus Thoms.
Nebria brevicollis F.
Abax ater Vill.
Leistus ferrugineus L.
Trichotichnus laevicollis Dft.
Agonum assimile Payk.

86
1

23
4
1
4
2

-

-

-

2

1

-

39
16
3
3
2
3

-

-

-

2

-

-

1

-

-

Summe der Waldtiere
Summe der Waldtiere in %

94
96

66
19

34
64

12
11

5
18

1
6

5
6
4
2

27
29
30

-

228
22
14
4
13

-

-

-

-

2

6

-

-

-

-

-

-

-

-

1

-

2
1

4
98

282
348

19
53

95
107

-

5
-

Feldtiere
Agonum dorsale Pont.
Trechus quadristriatus Schrk.
Bembidion lampros Hbst.
Pterostichus vulgaris L.
Agonum muelleri Hbst.
Dyschirius globosus Hbst.
Amara similata Gyll.
Pterostichus vernalis Panz.
Carabus purpurascens F.
Summe der Feldtiere
Summe aller Carabiden

-

3
-

1

1
14
6

-

•

-

7
6
-

-

1
2

-

2

-

-

-

-

-

23
28

16
17
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Abb. 2. Luftbildplan 1:5000 der untersuchten Feldhecke am Dönberg bei Wuppertal (frei
gegeben Minister f. Wirtschaft u. Verkehr Nordrhein-Westfalen PK 20 vom 11.6.1954).
H = untersuchte Hecke (zwischen den Spitzen der beiden Pfeile)
GF = Getreidefeld
W = Feldrain westlich der Hecke
KF = Kartoffelfeld
O = Feldrain östlich der Hecke

Carabiden im Heckeninneren 96 % aus, an den Heckenrändern 64 % oder
19 %, an Feldrainen aber nur 6 bis 18 %, also nicht mehr als auf dem Kar
toffelfeld (11 %). Dabei fehlen hier gerade die größeren Waldarten, die in
den Hecken auftreten (Carabus problematicus, Abax ater) außer 3 Exemplaren
von Pterostichus cristatus.
Bei in vergleichbarer Weise räumlich isolierten Populationen des Schmet
terlings Euphydryas editha mit kaum nachweisbaren Wanderbewegungen von
einer Siedlung zur anderen hat EHRLICH (1965) angenommen, daß auch
eine genetische Isolierung besteht. Aus der räumlichen Isolierung der Waldcarabiden in Hecken kann hier nicht geschlossen werden, daß der Genfluß
zwischen diesen und den benachbarten Populationen unterbunden ist, da
hierfür bisher keine Hinweise vorliegen. Es ist aber nicht völlig auszuschlie
ßen, daß sich solche Populationen wenigstens zeitweilig und in einem gerin
gen Umfang genetisch differenzieren, wie es MOSSAKOWSKI (1966) auf Grund
biometrischer Analysen für auf verschiedenen Mooren isolierte Populationen
von Carabus arcensis annimmt. Auf diese Möglichkeit sollte bei räumlich iso
lierten Populationen geachtet werden. Keinesfalls soll hiermit der Hypothese
sympatrischer Speziation das Wort geredet werden, da Ausmaß und Dauer
der Isolierung im vorliegenden Falle sicher nicht die Grundlage für eine
Artbildung abgeben.
SUMMARY

Hedges in field districts are inhabited by carabid beetles which are mainly
eurytopic forest species. They invade the neighbouring fields only as far as
about 10 m and do not cross the fields. With great numbers of pitfall traps
even small populations of stenotopic woodland species could be detected in
hedges. Along field edges the woodland species may trickle from greater forests
into hedges, but only a small percentage of specimens trapped on field edges
are forest species. Populations of woodland carabids in hedges therefore seem
to be considerably isolated from other populations of the same species.
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DISCUSSION: DEN BOER

In connection with this paper DEN BOER asked during the discussion
whether 'Feldhecken' (and perhaps 'Feldraine') may be 'stepping-stones'
for the dispersal of wood-carabids by forming small reservoirs of these species
at some distance from larger populations. THIELE confirms these questions.

Behind the tables in the foreground from left to right:
PALMEN (partly vizable), LINDROTH, THIELE, NEUMANN; second row at the right: MOOK,
standing at the left: HENGEVELD; behind the tables in the third row at the extreme left:
HAECK, in the middle: VAN DIJK, RICHTER; in the background: personnel of the Biological
Station.
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D A S A U S B R E I T U N GS - U N D
WANDERVERHALTEN VON CURCULIONIDEN
UND SEINE BEDEUTUNG FÜR DIE BESIEDLUNG
NEUER LEBENSRÄUME

WOLFGANG STEIN

1. EINLEITUNG

Ortsveränderungen von Insekten finden nur in wenigen Fällen eine Be
achtung, z.B. bei Tagfalterwanderungen, beim Schwärmen von Heu
schrecken und Maikäfern, bei Zügen von Prozessionsspinnerraupen und ande
ren spektakulären oder wirtschaftlich interessierenden Ereignissen. Es dürf
ten aber die meisten Arten gesetzmässig ablaufenden Vorgängen unterwor
fen sein, die ganze Populationen oder doch Teile von ihnen regelmässig in
andere Lebensräume führen. Wenigstens lassen die nachfolgend geschilder
ten Untersuchungen an Curculioniden diesen Schluss zu.
Die Ergebnisse stammen im wesentlichen von Rüsselkäfern der Legumi
nosen, doch konnten auch einige andere Arten einbezogen werden.
2. UNTERSUCHUNGSGEBIET

Die wichtigsten Ergebnisse wurden im Raum Giessen (Hessen, WDeutschland) gewonnen. Dieses Gebiet liegt im Mittelgebirgsteil einer wald
reichen Gegend. Die Versuchsflächen befanden sich durchweg in einer Höhe
von 150 bis 200 m über NN, jedoch konnten auch vereinzelt Resultate aus
anderen hessischen Gebieten bis in grössere Höhen (400-900 m) ausgewertet
werden.
3. METHODEN

Eine Anzahl von verschiedenartigen Methoden wurde ausgenutzt, das
Wander- und Ausbreitungsverhalten der Käfer zu studieren. Die wichtigsten
waren: Kätscherungen, Bodenfallen, Schüttelfallen (STEIN, 1967), Farbschalenfänge, Fangpflanzen, Anlage neuer Leguminosen- und Wiesen
flächen sowie Berlese-Apparaturen (DICKLER, 1968) zur Ermittlung der
Überwinterung.
4. ERGEBNISSE

4.1 Verhaltenstypen.
Die Untersuchungen zeigten immer wieder, dass es bei den erfassten Arten
2 Typen hinsichtlich des Verhaltens gibt (siehe Abb. 1) :
111

A r t e n m i t W o n d e r rp h a s e n
Die ganze
Jahr

Population wechselt
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Abb. 1. Ausbreitung und Wanderung bei Curculioniden. Dispersal and migration in Curculionidae.
a) Species with migration phases: The whole population changes twice a year the type of
habitat (summer and winter habitat). The migration phase in spring is at the same time
the dispersal phase.
b) Species with dispersal phase: Only a part of the population colonizes during this phase
other habitats of the same type.

a) Arten, die echte Wanderungen durchführen: Alle Individuen einer Popu
lation wechseln regelmässig zweimal im Jahr den Typ des Lebensraumes.
Im Sommet besiedeln sie Leguminosen- und Grünlandflächen, im Winter
sind sie hier nicht zu finden, sondern verbringen diese Zeit in einem anderen
Biotoptyp (Waldrand und andere geeignete Überwinterungsorte). Erst im
nächsten Frühjahr kehren sie in die Habitate zurück, die ihre Brutpflanzen
enthalten. Die zwei Ortsveränderungen dieser Arten sind somit: Auswande
rung der frisch geschlüpften Käfer aus den Brutbiotopen in die Überwinte
rungsorte und Rückwanderung der überwinterten Käfer in die Brutbiotope
im Frühjahr. Diese Rückwanderung ist zugleich die Ausbreitungsphase,
durch welche die Besiedlung neuer Lebensräume sichergestellt ist.
b) Arten, die nur eine Ausbreitungsphase besitzen: Nur ein Teil der Indivi
duen einer Population verlässt einmal (selten zweimal) im Jahr - meist nach
dem Schlüpfen der neuen Generation — den Lebensraum, um neue Biotope
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aufzusuchen, die aber zum gleichen Typ wie der Ausgangsort gehören. Sol
che Arten können also das ganze Jahr über auf Leguminosen- und Grün
landflächen gefangen werden.
Bisher konnte nur bei Apion seniculus (vielleicht auch bei Phytonomus nigrirostris) wahrscheinlich gemacht werden, dass innerhalb einer Art beide Typen
der Ortsveränderung vertreten sind. Ein Teil der Populationen scheint hier
nämlich echte Wanderungen mit BiotoptypWechsel durchzuführen, während
ein anderer Teil nur eine Ausbreitungsphase besitzt und somit auch im
Winter in den Brutbiotopen bleibt.
In der nachfolgenden Tab. 1 sind die Arten aufgezählt, für die bisher eine
Zuordnung zu einem der beiden Typen möglich war.
TABELLE 1. Curculioniden-Arten mit Wander-bzw. Ausbreitungsphasen.

Curculionid species with migration or dispersal phases.
Arten mit Wanderungen im Herbst und Frühjahr:
Apion apricans Hbst.
A. flavipes Payk.
A. assimile Kirby

Sitona lineatus L.
S. puncticollis Steph.

Arten mit Ausbreitungsphase:
a. im Herbst :
Apion miniatum Germ.
A. pisi F.
A. virens Hbst.

Otiorrhynchus ovatus L.
Sitona hispidulus F.
Phytonomus zoilus Scop.

b. im Herbst und Frühjahr:
Sitona sulcifrons Thunb.
S. flavescens Marsh.
S. humeralis Steph.
c. im Frühjahr:
Rhynchaenus fagi L.
Arten mit Wanderung einer Teilpopulation:
Apion seniculus Kirby
Phytonomus nigrirostris F. (?)

Zu den echten Wanderern zählen somit hauptsächlich die Piotapione, die
als Larven in Blütenköpfen von Trifolium-Arten leben, daneben noch Sitona
lineatus, eine Art, die hauptsächlich Erbsen besiedelt, das heisst einen Lebens
raum, der nur kurzfristig existiert.
4.2 Die Besiedlung neuer Flächen.
Bei den beiden genannten Typen ist die Ausbreitung und damit die Er
schliessung neuer Lebensräume gesichert: die Wanderer suchen sie im Früh
jahr nach dem Verlassen der Winterquartiere auf, die anderen Arten wäh
rend ihrer Ausbreitungsphase.
Eine Besiedlung mehrjähriger Kulturen kann dabei von Art zu Art unter
schiedlich verlaufen, wie das Schema in Abb. 2 zeigt: Liegt die Ausbrei113
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Abb. 2. Die Art der Besiedlung mehrjähriger Kulturen. The way of colonization of peren
nial cultures.

tungsphase im Frühjahr, so kann die Dauerbesiedlung des Lebensraumes
bereits im 1. Jahr (dem Jahr der Ansaat) erfolgen. In einigen Fällen traten
Arten dieser Gruppe aber erst im 2. Jahr auf. Offensichtlich war die 'Attrak
tivität' der Fläche im 1. Jahr während der Ausbreitungsphase dieser Arten
noch zu gering, um die Tiere anzulocken und zu halten.
Arten, die eine Ausbreitungsphase im Herbst haben, besiedeln fast immer
schon im 1. Jahr die Fläche für dauernd.
Bei Arten mit Wanderung kann die Besiedlung ähnlich wie bei denen mit
Frühjahrsausbreitung in zwei Formen erfolgen, die den oben geschilderten
entsprechen, nur dass bei ihnen in jedem Jahr wegen der Auswanderung im
Herbst eine Neubesiedlung erfolgen muss. (Vergl. hierzu STEIN, 1967, mit
Beispielen für alle Gruppen.)
Die Besiedlung einjähriger Kulturen erfolgt praktisch in derselben Weise,
nur dass es hier nie zu einem Klimaxstadium kommt, wie es bei mehrjähri
gen Leguminosenkulturen im 2. Jahr fast immer schon erreicht ist (STEIN,
1967). - Arten mit einer Ausbreitungsphase im Herbst werden fast immer
fehlen oder treten entsprechend spät auf den Flächen auf. Aber auch Arten
mit einer Ausbreitungsphase im Frühjahr oder Wanderarten können even
tuell fehlen, wenn während des Frühjahrs die Flächen noch keine Anziehung
auf sie ausüben.
Ausführliche Untersuchungen über die zeitliche und räumliche Besied
lung sowie über die Bedeutung von Flug- und Fusswanderung für diese Fra
gen finden sich bei DICKLER (1968) und STEIN (1967).
4.3 Die Wiederbesiedlung von Flächen nach chemischer
Behandlung.
Die Bedeutung des Wander- und Ausbreitungsverhaltens für die Wieder
besiedlung von Dauergrünland, das durch Insektizideinfluss praktisch insek
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tenfrei geworden war, liess sich an dem Beispiel einer Wiese recht gut auf
zeigen (STEIN, 1969).
Nach der Frühjahrsbehandlung traten Arten, die ihre Ausbreitungsphase
erst im Herbst haben, den ganzen Sommer über nicht auf der Wiese auf.
Dagegen kamen die Wanderer nach Aufhören der Giftwirkung in normaler
Artenzahl und normaler Dichte vor. Für sie hatte die chemische Behandlung
praktisch keinen Einfluss gehabt.
4.4 Die Bedeutung der Flügelausbildung für
Besiedlungsfragen.
Die Ausbildung der Hinterflügel ist bei Curculioniden nicht einheitlich.
Neben reinen brachypteren, macropteren oder praktisch apteren Arten gibt
es solche, die einen Flügeldimorphismus aufweisen, wobei kurze und lange
Flügel übergangslos nebeneinander existieren (STEIN, 1968a und b; ferner
JACKSON, 1927/28, MARKKULA und PUHAKAINEN, 1966).
Die Untersuchungen ergaben, dass bei echten Wanderern (s. Tab. 1) nur
Langflügeligkeit gefunden wurde. Microptere Käfer wären sicher auch nicht
in der Lage, zweimal im Jahr regelmässig weite Wanderungen mit ganzen
Populationen durchzuführen.
Diese langflügeligen Wanderarten neigen auch im Laboratoriumsversuch
innerhalb einer (artlich festgelegten) Flugphase eher zum Fliegen als die
Individuen gleicher Flügelausbildung von dimorphen Arten mit Ausbrei
tungsphase. In Tab. 2 sind Ergebnisse von Kolbenversuchen für drei Ver
treter der einzelnen Gruppen aus Tab. 1 zusammengestellt.
TABELLE 2. Das Flugverhalten von Curculioniden in Kolbenversuchen.

Theflight behaviour of curculionids in laboratory investigations.
Anzahl der
getesteten
Käfer
Apion virens
A. seniculus
Protapione
(A. apricans, flavipes, assimile)

fliegende
Käfer

(in %)

338
28

0,9
7,1

101

10,9

In diesen Versuchen befanden sich die Käfer in einem Rundkolben, der
mittels Wasserbad allmählich auf 35-40 °G erhitzt wurde. Ein Fliegen der
Käfer innerhalb des Kolbens wurde dann notiert.
Die Tabelle zeigt deutlich, dass die (wandernden) Protapione (Apion
assimile, flavipes und apricans) wesentlich häufiger zum Flug zu veranlassen
waren als Apion virens, ein Vertreter der dimorphen Arten mit Ausbreitungs
phase. (Praktisch alle untersuchten Individuen waren langflügelig, so dass
Kurzflügeligkeit als Fehlerquelle ausgeschaltet werden kann.) Eine Zwi
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schenstellung nimmt auch hier wieder Apion seniculus ein, von dem ange
nommen werden muss, dass er mit Teilpopulationen echte Wanderungen
durchführt.
Bei der Besiedlung neuer Flächen durch dimorphe Arten treten die langflügeligen Individuen fast immer zuerst auf, vermutlich weil sie grössere
Teile der Strecke fliegend zurücklegen. So konnte bei einer Reihe von Arten
nachgewiesen werden, dass die macroptere Form Wochen oder sogar Mona
te früher in einem neuen Biotop zu finden war als die microptere (STEIN,
1968a).
Andererseits konnte bei einem Vergleich alter und neuer Standorte immer
wieder festgestellt werden, dass bei vieljährigen Kulturen (Dauergrünland)
innerhalb einer dimorphen Art eine Verschiebung des Verhältnisses von
lang- zu kurzflügeligen Individuen in dem Sinne auftrat, dass der Anteil der
braehypteren Käfer auf alten Standorten wesentlich zugenommen hatte
(STEIN, 1968a). Die Gründe hierfür sind zur Zeit noch völlig offen, zumal
erste Laboratoriumsversuche ergaben, dass eine dominante Vererbung der
Kurzflügeligkeit — wie sie von JACKSON (1927/28) bei Sitona hispidulus fest
gestellt wurde - nicht bei allen Arten vorliegt.
5. SCHLUSSBETRACHTUNG

Die hier angeführten Ergebnisse sind selbstverständlich nur für die unter
suchte Gruppe der Leguminosen-Curculioniden nachgewiesen. Es dürfte
aber wohl berechtigt sein, ähnliche Verhältnisse auch für andere Insekten
gruppen anzunehmen, wobei zunächst nur an phytophage Formen gedacht
ist, die nicht nur dem jährlichen klimatischen Wechsel unterworfen sind,
sondern auch dem ihrer Nahrungspfianzen. Letzteres ist besonders dann
gravierend, wenn die Pflanzen nur wenige Monate vorkommen (z.B. ein
jährige Kulturpflanzen).
Bei räuberisch lebenden Insekten mit einem oft recht grossen Aktions
radius dürften die Verhältnisse meistens nicht ganz so klar sein, zumal
diese Tiere oft (sofern es die klimatischen Bedingungen erlauben) ganz
jährig ihre Beute finden können.
SUMMARY

1) During investigations about curculionids of legume-plants in the area
of Hessia (W.-Germany) it could be pointed out that concerning dispersal
and migration there are 2 types among the species :
a) Species with real migration. They change their habitat regularly twice a
year: in autumn they migrate with all specimens of a population from their
food-plants into hibernation places and in spring they remigrate into the
summer habitats (see Fig. la).
b) Species with a dispersal phase: only parts of a population leave the food116

plant habitats once or twice a year to search for other habitats, which are,
however, of the same type as the starting places. Thus, these species can be
found all over the year in the same type of habitat (see Fig. lb).
Examples for these groups are summarized in Tab. 1.
2) The colonization of new meadows or legume-fields corresponds with
the behaviour of the species. In perennial fields the species may establish in
the first season already, if the attraction of the field is great enough during
the migration or dispersal phase of the species. If this attraction is not real
ized they establish in the second year (Fig. 2).
3) These types of immigration also were found in one case when a recolonization took place in a meadow which was treated with an insecticide.
4) The shape of the wings is of very great importance for the questions of
dispersal and migration. In curculionids there are several types: brachypterous, macropterous and (nearly or total) apterous individuals exist. - In
species which perform real migrations only macropterous specimens could be
found, while species with dispersal phase were often dimorphic or apterous.
5) In the laboratory, species with migration tend to fly easier than those
with dispersal phase (Tab. 2).
6) When a new habitat is colonized by a dimorphic species the longwinged individuals arrive earlier than the short-winged ones do (sometimes
even a few months). - When old habitats were compared with new ones of
the same structure (meadows) it was shown, however, that in most cases the
proportion of short-winged weevils had increased, so that they were more
numerous than the long-winged specimens. The reasons for this phenomenon
are still unknown.
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DISCUSSION: LINDROTH, THIELE, STEIN.
LINDROTH asks whether the possibilities of radio-active marking to study
migration are investigated. Except a few tests with painted weevils no in
vestigations were done with marked curculionids.
THIELE asks whether the techniques ofcultivation will not result in a special
kind of selection of species. Do differences between different cultures exist?
The techniques of cultivation have of course an influence on the occurrence
of different species: in annual crops (e.g. peas) mainly migrating species are
to be found (because they must leave their habitat in autumn).

Standing in the middle: DEN BOER; standing at the right: VLIJM; behind the tables in the
foreground: VAN HEERDT (hearer from Utrecht University), VENEMA; second row: Mrs.
JoossE (hearer from Free University Amsterdam), STEIN (not recognizable); third row:
MEIJER; in the background: HAECK, TJALLINGII (hearer).
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ON THE DISPERSAL POWER OF CARABID
BEETLES AND ITS POSSIBLE SIGNIFICANCE
P. J. DEN BOER

Communication of the Biological Station, Wijster, No. 155

Among other differences it looks like there is one important difference be
tween the dispersal of most species of terrestrial animals and that of most
terrestrial plant species. In the latter dispersal generally seems to coincide
with reproduction. Without the forming of diaspores the plant would not
reproduce (apart from vegetative propagation). Moreover, since plants
generally are not able to move, the diaspores should be transported a certain
distance to avoid overcrowding (especially in perennials where the individu
als generally are forming diaspores repeatedly without making room).
Hence, it seems not necessary to ask: Why do diaspores of plants disperse?
In many terrestrial animal species, however, dispersal does not coincide
with reproduction: often full-grown individuals are dispersing. This means
that each dispersing individual (with its reproductive potential) is lost from
the population it started from. Therefore - by analogy - it seems to be ob
vious to suppose that in many animals dispersal is necessary to correct
unfavourably high densities (e.g. densities resulting in shortage of food). This
hypothesis which is adopted by many population ecologists seems to be con
firmed mainly in a number of territorial vertebrates where dispersal must be
considered a kind of 'overflow'.
Up till now, however, I have not succeeded in finding convincing indica
tions that in populations of carabid beetles dispersal would be a kind of
'overflow' from too high densities. On the contrary, I have the impression
that the flying away of full-winged individuals from wing-dimorphic carabid
populations is quantitatively much more important in species which ap
parently live here in sparse populations (Table 1 : Agonum fuliginosum, Pterostichus strenuus, Olistkopus rotundatus, Notiophilus palustris and Cym.ind.is vaporariorum) than in species living here in more dense populations with a comparable
or greater frequency of full-winged individuals (Table 1: Calathus piceus,
Notiophilus biguttatus, Bembidion lampros and Pterostichus diligens).
This points to another hypothesis to understand dispersal, viz. : dispersal
is necessary to increase the chance of founding (or refounding) populations
(and probably to exchange between populations). For, it seems reasonable
to suppose that in general sparse populations will have a greater chance to
extinct than dense ones and, therefore, especially species represented by
sparse populations will have to 'invest' highly in dispersal to reach a sufficient
119
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'turnover' to be able to survive over large areas (DEN BOER, 1970). But even if
the chance of extinction of sparse and of dense populations would be about
the same, the 'investment' in dispersal of sparse populations will have to be
relatively much greater than of dense ones to reach about the same 'turn
over'. Hence, at least in the case of carabid beetles it makes sense to ask:
Why do (individuals of) animals disperse?
In my opinion carabids offer a suitable group of animals to test the
'overflow' hypothesis of dispersal against the alternative 'founding' hypothe
sis. Firstly, because density will often diverge widely in different species in the
same year and within the same population in different years. Secondly, be
cause in wing-di(poly)morphic populations some individuals have the dis
posal of both mechanisms of moving: running and flying, and others only
of the mechanism running; under the 'overflow' hypothesis sensu stricto it
may be expected to be immaterial how the surplus animals move away, but
under the 'founding' hypothesis flying away generally may be superior to
running away. Thirdly, because in carabids - with the exception of Cicindela
species and of a number of species which have to change habitats during their
life-cycle (e.g. riparian species) — flying apparently has no direct function in
the life-cycle (think of dimorphic populations!) ; hence, it makes sense to ask:
Why do carabid individuals fly? In the following I shall try to look at some
of my observations in the light of these alternative hypotheses. It is not my
intention to pose some unique truths or to prove anything; I only hope - by
performing a kind of mental exercise - to contribute to a valuable discussion.
In connection with our hypotheses we are a.o. interested in the relative
frequencies of flying and of running away from a population and in the
distances that may be covered.
1. At different places on the heath of Kralo individuals of the monomorphic brachypterous species Carabus problematicus HBST. are caught in pitfalls
since 1959. These individuals were considered to be direct migrants from the
surrounding woods — where the species is known to reproduce — because of
the existence of a significant negative correlation between the mean number
of adults caught per year at a sample-site and the distance from the site to
the nearest woods (Fig. 1). This migration hypothesis is also supported by
the fact that at sample-sites which are isolated from the woods by a dense
growth of grasses (BJ, AT, BH, BG, M in Fig. 1) relatively too few individu
als were caught. It must be noted, however, that matters are more compli
cated, because also larvae of all instars of Carabus problematicus are caught at
nearly all sample-sites on the heath.
By comparing the relative numbers of old adults, callow adults, first,
second and third instars caught on the heath of Kralo and in wood popula
tions, it could be shown that Carabus problematicus produces normal amounts
of young larvae on the heath of Kralo and that larval development through
the three instars runs normally there, but that in the pupal stage something
121
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is going wrong by which apparently no or only very few young adults are
born on the heath (no callow adults). The concerning data are presented and
discussed in DEN BOER (1970) : section 5. Hence, the very sparse population
of young adults on the heath is reinforced yearly by migrants from the neigh
bouring woods and this reinforcement is of such a quantitative importance
that a high correlation is kept up between the mean number of adults caught
and the distance from the nearest woods. Therefore, the regression-line in
Fig. 1 gives a somewhat too favourable impression of the distances that may
be covered on the heath by individuals of Carabus problematicus leaving the
woods. In spite of this, extrapolation of the regression-line above 1000 m
(Fig. 3) learns us that it is very unlikely that an individual of Carabus proble
maticus would be able to cross the heath of Kralo and Dwingeloo (4000 m)1
and, therefore, the dispersal power of Carabus problematicus is very small, in
spite of its being the biggest carabid in Drenthe and also a 'good runner'.
Does this mean that the dispersal of Carabus problematicus onto the heath
must merely be considered an 'overflow' from a too dense population? I
don't think so, because the year-samples we draw with our standard-appa
ratus (pitfalls) in 1965 from the two concerning wood-populations belong to
the smallest (mean: 23.5 ind.) we draw from Carabus problematicus-popula
tions on the whole, not only in 1965 but also in most other years (35 standardsamples with a mean of 39.3 ind. could be compared). All the more remark
able it is that by extrapolating the regression line to distance 'zero' one gets
the impression that about 30-60 % of the population would leave the
woods (?). I will return to this point.
2. The data on Carabus problematicus suggest that the dispersal power of the
concerning populations must be rather small and in other monomorphic
brachypterous species can only be expected to be still smaller. We are in a
position to test this expectation: during two years all individuals caught in a
partly isolated subpopulation of Calathus erratus on the 'Hullenzand' were
individually marked and released. Part of these marked individuals left the
subpopulation and were recaptured in pitfalls in other parts of the 'Hullen
zand' (Fig. 2). Since only one out of the 42 'wanderers' (1968 + 1969) was
full-winged the recaptures of these 'wanderers' give some impression of the
possibilities of running individuals of Calathus erratus SAHLB. to cover certain
distances (Fig. 3). In Fig. 3 the regression-lines for Calathus erratus and
Carabus problematicus are made comparable and although the data on Calathus
erratus are only preliminary (more than two years recapturing is required) it
will be obvious that the dispersal power of running individuals must be much
smaller in Calathus erratus than in Carabus problematicus (Calathus erratus
1 MOOK draw my attention to the fact that the data of Fig. 1 ( 1 ) do suggest a somewhat con
vex regression line instead of the straight one constructed, i.e. the data would show an only
weak leptokurtosis. This may mean that the dispersal power of the concerning populations
of Carabus problematicus is still smaller than suggested by Fig. 3 (DEN BOER, 1970 : Table 9).
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Fig. 2. Numbers of marked individuals of Calathus erratus recaptured in pitfalls outside the
experimental area (small numerals) in 1968. The numeral within the circle gives the mean
number of recaptures (per pitfall) within the experimental area. The experiment was con
tinued in 1969.

measures 8-11 mm and Carabusproblematicus 21-28 mm). After some years we
hope to be able to relate the densities of Calathus erratus - calculated from our
mark-release experiments - with the concerning numbers of 'wanderers' in
the different years and thus to test more directly the 'overflow'-hypothesis
of dispersal against the alternative 'foundinp'-hypothesis.
To conclude: for the moment I have the impression that the running
activities of carabid beetles in general will hardly increase the chance to
found populations except in the case where the uninhabitable area is inter
rupted at rather short distances by sites where at least some reproduction is
possible. Otherwise the latter situation seems the more natural to me: many
natural areas will consist of mosaics of more or less suitable sites and under
these conditions even running individuals may have a good chance to reach
another site suitable for reproduction (DEN BOER, 1970: section 6).
3. Before turning to the flying activities of carabid beetles we shall have a
look at the activities at the borders of some populations of the dimorphic
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Fig. 3. Number of years during which catching with one standard-set of pitfalls at a certain
distance from the population should be continued to catch one individual. The line for
Carabus problematicus is the regression-line 1 (with extrapolation) from Fig. 1, but with 1/N
on the ordinate.

species Pterostichus strenuus PANZ. (compare DEN BOER, 1970: section 4). In
some experiments pitfalls were placed at short distances from a deciduous
wood where a population of Pterostichus strenuus was sampled with the same
equipment. Table 2 shows that also in Pterostichus strenuus individuals may
leave the population and apparently brachypterous and macropterous indi
viduals to the same extent. Like in Carabus problematicus in these cases leaving
the wood apparently is a quantitatively important phenomenon. Again we
may wonder whether these data must be considered to support the 'overflow'-hypothesis, especially because brachypterous and macropterous indi
viduals seem to move away to the same extent. The samples we draw from
the concerning wood populations (Table 2) were rather great in comparison
with samples from other populations of Pterostichus strenuus (39 standardsamples with a mean of 14.8 ind. could be compared), but populations of
Pterostichus strenuus seem to be anyhow sparse as compared with those of many
other carabid species.1 Hence, it may be that Table 2 illustrates that Ptero1 The degree of reliability of such comparisons is investigated now in a number of species.
For the moment is preliminary accepted that only great differences in the catches of differ
ent species (which show about the same kind of locomotory activities: running over the
ground-surface) may be considered to point to differences in density. This is applied in the
conclusions from the Tables 1 (column A), 3 and 4.
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TABLE 2. Frequency of brachypterous and macropterous individuals of Pterostichus strenuus
caught inside and outside some small deciduous woods (without in-between barriers) on
the grounds of the Biological Station, Wijster.
Outside dec. wood

Within dec. wood
number of
brach, ind.

number of
macr. ind.

distance
between

number of
brach, ind.

number of
macr. ind.

significance
of différence

1966: deciduous wood
22
17

20
meters

1966: coniferous wood
4
2

FISHER, exact
P = 0.5385
(one-sided)

1966: dec. wood (BO)
31
28

20
meters

1966: open site (BN)
8
6

X1 = 0.230
P -»• 1.00

1967: dec. wood (BO)
49
18

20
meters

1967 : open site (BN)
15
7

X 2 = 0.198

1966: nearest dec. wood
not sampled

40
meters

1966: veg. of Molinia (BM)
2
2

P -* 1.00

(In the series that are compared the number and line-up of pitfalls was exactly the same.)

stichus strenuus must be considered a candidat for the 'overflow'-hypothesis.
4. On the other hand, full-winged individuals of Pterostichus strenuus appear
to have a good dispersal power (Fig. 4). In this figure the frequencies of
macropterous and brachypterous individuals are diagrammed, respectively
in samples from old deciduous woods (first row), in samples from young
deciduous woods (second row) and in catches from all other sites at distances
greater than 100 m (sometimes some km's) from deciduous wood (bottom
row). From Fig. 4 we learn that a brachypterous individual of Pterostichus
strenuus will have only a small chance to cover a distance greater than 100 m
(only one out of 30 ind., in this case caught at 200 m from deciduous wood) ;
it also confirms the statement by LINDROTH (1949) that old populations are
characterized by a relative preponderance of brachypterous individuals.
Moreover, HAECK told us already that the dispersal power of full-winged
individuals of this species apparently is such that a population could be
founded in O-Flevoland (see DEN BOER, 1970: section 2) and, therefore,
Pterostichus strenuus seems also to be a candidat for the 'founding'-hypothesis.
This is the more likely, because many populations of this species in Drenthe
obviously are so sparse that in my opinion their chance of extinction may be
relatively high, which implies the 'desirability' of an accordingly high chance
of founding (or rcfounding) populations. If we suppose that the tendency to
migrate in this species is not at all linked to the development of the wings, it
is no longer surprising that brachypterous and macropterous individuals
leave the woods to the same extent (see: postscript). As long as it is possible
and favourable to found populations natural selection will not prevent such
a waste of individuals. This reasoning does not mean, however, that the
'overflow'-hypothesis must be rejected in this case.
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Fig. 4. Pterostichus strenuus: Frequency of macropterous and brachypterous individuals in
old and in young woods and in sites where the species does not reproduce ; between brackets :
unreliable frequencies (very small samples).

5. There is another point that deserves our attention. If full-winged
carabids fly away to increase the chance of founding populations, one would
expect young fertilized females to be the most effective kind of 'diaspore'.
As in 1968 HAECK had already shown that window-traps are suitable to
sample flying carabids, it was obvious to place some window-traps on the
grounds of the Biological Station in order to test this suppostition (Fig. 5).
Between the beginning of May and half October in two window-traps 152
carabid individuals were caught belonging to 23 species. By the way it must
be noted that this number of individuals suggests that carabids (comparing
it with the data of HAECK) are not preferably flying into virgin areas. Among
these 152 individuals were 91 females of which 89 were dissected. The results
are given in Table 3 (left part) : half of the females were young with undevel
oped ovaries (but not fertilized) and half of them were 'spent' (partly
hibernated old females and partly females that had apparently just finished
the depositing of eggs). Only two females carried some normal eggs, but they
seemed not to have copulated. Hence, carabid females seem to fly preferably
before and after the reproductive season, when they are not the most ef
fective 'diaspores'. Does this mean, that flying carabids must merely be
considered an 'overflow' from too high densities? This seems not very prob
able, in my opinion, because individuals can only react on density by the
frequency of interactions between individuals, which can be measured by
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Fig. 5. Window-trap on the grounds of the Biological Station to sample flying carabids.

the numbers of individuals caught in pitfalls (amount of activity, i.e. chance
to interact directly or indirectly) and exactly very young females and 'spent'
females are many times less active (caught in pitfalls in much smaller num
bers) than reproducing females. In fact, in most species very young females
and 'spent' females show so little running activity that it can hardly be
expected that they will anyhow interact with other individuals in this way.
Perhaps this relatively inefficient dispersal is unescapable, e.g. because fe
males with many eggs are too heavy to fly, or because during the reproductive
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season the wing muscles are reduced or the females are in some other way
(e.g. physiologically) unable to fly, etc. (see: postscript). On the other hand,
it is obvious from the papers read at this symposium that flying carabids
sometimes are able to found populations and probably the 'need' to found
(or refound) populations is so predominate for the overall survival of the
species that natural selection will not counteract this inefficient dispersal in
spite of the resulting loss of innumerable individuals in most cases. Because
not every year polders are reclamed or islands arise from the sea within the
geographical range of most species, in the same time this reasoning would
mean that the chance of extinction of many carabid populations would be
relatively high. This is certainly the case for species living in unstable en
vironments, e.g. riparian species and species from agricultural fields, since
populations of such species will vanish with the disappearance of the suitable
habitat. I must recall in this connection that I have the impression that the
flying away of full-winged individuals from wing-dimorphic populations is
quantitatively much more important in species apparently living here in
relatively sparse populations than in species — with a comparable or greater
frequency of full-winged individuals - which live here in more dense ones
(Table 1). It was supposed that this difference may be related to the relative
greater chance of extinction of sparse populations as compard with dense
ones. It must be noted, however, that the species mentioned in Table 1
(with the exception of Bembidion lampros) are not living (or only exception
ally) in temporary habitats (compare: TISCHLER 1965, for agricultural
species).
6. When comparing the left and the right part of Table 3 one gets the
impression that the species predominating in the catches in the window-traps
are generally not living here in very dense populations. This is clearly illus
trated by Amara lunicollis (Table 4), a species with fully developed wings, of
which flying could be demonstrated (LINDROTH, 1945: 148; 1949: 847) and
which is caught in Drenthe in very large numbers (pitfalls) in every grassy
locality including the sites where the window-traps were erected; not a single
individual of this species was caught in the window-traps in 1969.1 The
contrast with species like e.g. Bradycellus harpalinus, Amara plebeja, familiaris,
bifrons and apricaria (relatively high numbers in the window-traps as com
pared with pitfall-catches) is so striking (Table 3), that in the life-cycle of the
latter species dispersal must play a relatively important role. It may even be
supposed that the small numbers of individuals caught in pitfalls result from
a very great 'investment' in dispersal by flight. The concept 'population' will
be difficult to operate in such species, because they apparently inhabit large
areas in the form of a yearly changing mosaic of many relatively sparse local
1 In the spring of 1970, however, some specimens of Amara lunicollis were caught in the
window-traps, but this does not alter the contrast with many other species as discussed in the
following.

129

I ° I5 §5
"2c wu -5 <-•o -s« O
c
H
ca
©

c« -B^ •=l -O g
-2 S
^
•s .S afe«O

r- (A
<p
"iO) 3
13
«o
CT! JZes
<—
tsVu 0
c

u
ai

CO
CO
CO to
O r» — ó ö — — Ó — O CO I ó

CO
<£> CO
CO
—ö I N^
cr> N Ö O I

JA

's<3

•-—'

o
c

V)
"0

X.

V
!/}
u

V
Cl

"<5

£ *u
^ u-

C O

(ûNincoiowiflco^cor*

I — — I I i l I I I I
O

«

®
v)Ü
•s«

M
—U
2M

— CO CN — 'O

c

3O

a
a

I I i I I I I

I I I — —« V5 I I I I I —

•f-iONNCSiNM I I—

-c

otfli'-cowMOcocsffico

1 ,«2

-6

I |

j- c i _
JDy .... >t 'O
S3 "g
22
-S ~
I -S

J

•> V*
> y
.c s
*-» ^

"3D 5.
i .s
« t
-o Û
^ S
N

.S •£
<n" ï
'o "S
a. a

s<
h
130

^2
^ >,a — ft* ei
D-a .g o .3 8 A C
« « 'JZB ^ g
X
O .s^i2 cü §
3c
3t/) sOi> * C i
^
"a cs .û C.CS g «U OO
u
ti (3 cS O ^ Ä
>s
*ort U« U« su su up- «t- «iC S S
«<< << H <<
1,3

^ a
§§
* S
ai
c/3 £>

— C^
5
C/D w*
S
"û 3 —" CO 5 >
ou
C O ^ X Q ti O .
6C ^ W
V
1
E s=
C
•s ~u >« 3H/ =
«5
c
O
E
"0 c 5
ä c= 5S -û <= -s O
S 2 J?
ctf
cö
1
v- u
'3
•n ^ Cl
5 CO cc— 5•• 5 2 V
M _ ü M 6C C
CQ h < < < < < < tt
(A

-

«•

5/5

t

o û. r

ueu
O

TABLE 4. Full-winged or di(poly)morphic species (frequency of macr. ind. more than 1%) caught ill
more than one specimen per set/year on the grounds of the Biological Station, of which no
specimens were caught in the window-traps (19G9).

Species
(between brackets: %
macropterous in
di(poly)morphic species)

Catches in pitfalls
per set/year (1959-'67)
all kinds of habitats
—

Amara lunicollis Schdte.
Pterostichus angustatus Dft.
Notiophilus biguttatus F. (79%)
Pterostichus diligens Strm. (3.7%)
Agonum 6-punctatum L.
Pterostichus niger Schall.
Nebria brevicollis F.
Bembidion ustulatum L. (?)
Trechus obtusus Er. (2.8%)
Bradycellus collaris Payk. (15%)
Leistus rufescens F.
Loricera pilicornis F.
Notiophilus palustris Dft. (7%)
Harpalus pubescens Müll.
Pterostichus vernalis Panz. (?)
Acupalpus dorsalis F.
Agonum fuliginosum Panz. (28%)
Harpalus latus L.
Leistus rufomarginatus Dft.
Pterostichus nigrita F.

mean number
of individuals

number of
set/year's

143.7
85.9
54.3
45.7
4.2
15.7
12.3
6.2
16.6
11.4
4.2
7.8
5.1
5.3'
2.6
4.8
4.0
42.9
22.7
10.8

116
13
74
130
66
164
74
20
20
76
79
134
49
72
56
12
71
85
49
166

Mean number of
individuals per set
of pitfalls and per
year on the grounds
of the Biological
Station
(1966 + 1967)
117
35
62
118
35
16
11
14
12
7
6
4
3
3
2
1.3
1.3
1.3
1.3
1.3

(7 species were caught in less than one specimen per set/year) on the grounds of the Biological
Station).
Agonum assimile, Pterostichus coerulescens and P. oblongopunctatus are not taken up in this
table, since they are not supposed - although generally considered macropterous - to be able to fly.
1 Open agricultural fields where Harpalus pubescens is very abundant were not sampled in that
period.

groups with a high rate of dispersal and exchange. In other words such
species would live more or less 'nomadic'.
It will be obvious that this way of life is 'adaptive' in species living in
temporary habitats. In Table 5 I have tried to divide the carabid species
mentioned in Tables 3 and 4 according to their principal habitat (s) in
Drenthe. I must admit that this is a rather subjective procedure, since no
species is restricted to only one type of habitat and the variation in the fitting
to types of habitat (fluctuation of numbers caught) may be considerable.
However, as long as the results of the multi-variate analysis of our pitfallcatches (which is running at Wageningen) are not available, we have to get
on with 'experience'. With this restriction in mind we may conclude from
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Table 5 that the principal habitat of many species of which individuals were
caught in the window-traps is indeed temporary1. But in my opinion this is
not the whole story and on this point I disagree with SOUTHWOOD &
GREENSLADE (1962). Among the species represented in the window-traps
also species from heath and deciduous wood are found. In fact, the distribu
tion of the numbers of species over temporary and stable habitats in Table 5
docs not differ very strikingly for species of which no specimens were caught
as compared with species of which one or more specimens were caught in the
window-traps. This means that for the carabid populations on the grounds of
the Biological Station the chance of individuals to fly away, on the average
seems not to differ very importantly between species principally living in
temporary habitats and species principally living in more stable habitats.
(This preliminary conclusion is not statistically tested here, because in 1970
the carabids living on the grounds of the Biological Station will be sampled
both with window-traps and with pitfalls, by which a more direct compari
son becomes possible). After combining this with the apparent preference of
individuals from relatively sparse populations to disperse by flight (compare
Tables 3 and 4 and see also Table 1) I should like to venture a speculation:
I have the impression that many so-called 'rare' species - with the exception
of highly localized ones - are living more or less 'nomadic'. This means that
this way of life may have survival value also in more stable environments.
This survival value may consist of the high degree of spatial spreading of the
risk of extinction that is reached in this way (DEN BOER, 1968) : the larger the
area over which the members of a population2 are spread, the greater will be
the variation in environmental conditions to which the different individuals
are exposed and the smaller the chance that all individuals will be exposed to
adverse conditions at the same time. Hence, within the population as a
whole the effects of too unfavourable and too favourable conditions will be
levelled out to an important degree, i.e. animal numbers will be relatively
stabilized.
To summarize: apparently dispersal by flight is not only 'adaptive' in
species living in temporary habitats, but more generally in species living in
temporary (sub) populations.
After this exposition it will be clear that I consider dispersal to be a
phenomenon which contributes to the survival of the population2 and/or the
species as a whole more or less independent of other demographic charac
teristics of the population. In most carabid species the ability to disperse even
seems to be the only function of the wings. This does not mean, however,
that in some cases - even in carabid beetles - dispersal could not originate
1 It must be noted, however, that not for all species agricultural fields and waste lands do
represent temporary habitats. Especially some waste lands are rather permanent (farm
yards, ruderal roadside verges, neglected orchards etc.).
2 By population is understood here the 'difficult concept' mentioned above: a yearly chang
ing mosaic of many local groups in a large area.
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incidentally from an 'overflow' from too high densities. In fact in each sepa
rate case we can only guess what really is the significance of dispersal. In this
connection there is a great need to study the dynamics of sparse populations
and to gather reliable data on the frequency of the extinction and the refounding of populations. Not only to satisfy our curiosity, but also to learn
how to preserve part of the diversity of nature in the long run.

Fig. 6. Heath of Kralo seen from the sample site AG (in the foreground) and in the direc
tion of the woods from which individuals of Carabus /iroblematicus are dispersing each year
onto the heath.

SUMMARY

Some observations on dispersal in carabids are discussed in the light of two
alternative hypotheses: the 'overflow'-hypothesis and the 'founding'-hypothesis. Although the incidental occurrence of dispersal resulting from an
'overflow' of too high densities can not be excluded, most observations seem
to favour the 'founding'-hypothesis of dispersal. It is suggested that dispersal
by flight may not only occur in populations of species living in temporary
habitats, but more generally in species living in temporary (sub)populations
(which may also occur in more stable habitats), i.e. dispersal by flight would
be quantitatively related with the degree of'turnover' of populations.
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POSTSCRIPT : After the symposium I had the opportunity tostudy the new book
of JOHNSON, C. G. : Migration & dispersal of insects by flight (METHUEN,
London, 1969). In consequence of this it seems useful to add some notes to
my paper.
a. In general at the beginning of migration the ovaries are almost always
either quite undeveloped or only partly mature (compare Table 3). The
females of many species stop migrating when the ovaries become mature.
The length of the pre-oviposition period generally controls the duration of
migration; in many species this period is extended to cover the period of
winter diapause and there may be a hiatus in the development of the ovar ies,
often with partial development and subsequent resorption of eggs. It is
likely that migration is affected, if not controlled by an endocrine balance
that involves also the hormones controlling the development of the ovaries.
In that case it is not surprising that brachypterous and macropterous indi
viduals may take part in migration to the same extent (compare 4).
b. According to JOHNSON migratory behaviour has evolved particularly in
those species whose habitats periodically become adverse for breeding or
disappear altogether (compare 6). But he also notes that many newly emer
ged insects migrate from sites that seem to be still suitable for breeding;
moreover the instability of the habitat may take many forms and the re
sponses of populations, even to the same factors, may also vary at different
times and places. In his opinion the view that in general a species need to
migrate in order to relieve the pressure of population in the habitat (the
'overflow'-hypothesis) must be revised.
DISCUSSION: DEN BOER, LINDROTH, VAN DER AART, VLIJM.
LINDROTH again poses the very important question on the meaning of
dispersal. He does not believe that it is correct to look at dispersal as having
survival value for the species. He prefers to look at the advantage of dis
persal for the individual. Some examples are given :
a. CïnWtf/a-individuals use their wings to catch prey.
b. In other species, individuals (and not species) have to leave when
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the habitat becomes unsuitable, e.g. Oödes in autumn and many other
riparian species. A species can only be riparian if the individuals are able
to 'solve' the problem of temporary unsuitability of the habitat.
DEN BOER agrees with LINDROTH : he also prefers to look at the individuals,
but he has encountered the contradiction that also individuals of species of
which it is not known (and not very probable) that they would show habitatchange are caught in the window-traps. The conclusion that dispersal may
not be restricted to species reproducing in temporary habitats is confirmed
by other data. It can hardly be favourable to an individual to fly away from
a locality where its life is not threatened (i.e. where feeding, reproduction
and hibernation are still possible) : the chance of dying before reproduction
will generally be much greater in dispersing individuals than in individuals
staying in the population, especially when the habitat is rather isolated. That
is why he considered the alternative hypothesis: 'overflow from too high
densities', but this did not solve the problem. In his opinion dispersal can
only be understood if we suppose that the chance to found or refound popu
lations ultimately is more important than the 'sacrifice' of so many individu
als, i.e. that the chance of extinction is not only relatively high in populations
living in unstable habitats. But in the latter case it can hardly be expected
that individuals are externally stimulated to fly away... hence, there must
be an internal impulse (physiological condition?) or even some genetic
(phenotypic) determination (?). Although natural selection can only be
selection of individuals the result of dispersal may be : survival of the species,
i.e. the very few individuals that arrive in another suitable locality may
increase the chance of survival of the species as a whole.
VAN DER AART concludes that not the macropterous but the brachypterous form L a problem: he imagines that originally all species will have been
constantly macropterous and that brachypterous individuals will have origi
nated from loss-mutations. Such mutations are known to arise in all kinds of
characters and in all kinds of organism.
DEN BOER wholly agrees with him and mentions that his explanations are
founded on the same premise: if such a loss-mutation increases the chance
that its progeny contributes positively to the numbers of the population it
will spread through the population. But in the same time the increase of the
proportion of brachypterous individuals will decrease the dispersal power of
the population (DEN BOER, 1970). As already mentioned in the discussion
with LINDROTH (above) natural selection is selection of individuals and
hence, selection within the population has another 'direction' than the selec
tive forces to which dispersing macropterous individuals are exposed.
VLIJM arguments that observations on density of activity are not measure
ments of population-density.
DEN BOER answers that he had hoped that this critisism would not have
been expressed at this moment, because the quantitative relation between
density and activity is indeed a difficult one (and what is the best population
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characteristic?). At the moment a number of models on this relation is tested
with the help of the computer at YVageningen, but the results are not yet
available. On the other hand there are arguments to assume that the total
number of individuals caught during the reproductive season from a carabid
population (continuous pitfall trapping) gives a reasonable relative measure
of population density. One of these arguments is borrowed from markrecapture experiments in a population of Agonum assimile: by a very fortunate
line-up of the pitfalls 40-60 % recaptures could be reached and population
density during the reproductive season could be calculated for each week
separately within narrow confidence intervals. It appeared that the ratio
between the densities (at the climax of the reproductive season) in two suc
cessive years was the same as the ratio between the numbers of individuals
caught for the first time (in our pitfalls) duiing the reproductive season in
the same successive years. Hence, the one (total of pitfall catches) apparent
ly can be used as a reasonable measure of the other (density), or at least, we
may use it as a reliable working hypothesis. Within a few years we hope to be
able to prove this working hypothesis.
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Geographie situation of the different areas of investigation in The Netherlands and in
Germany. Area of investigation of:
1. MOOK ('Zuiderzeepolders').
2. HAECK ('Oostelijk' and 'Zuidelijk Flevoland').
3. MEIJER ('Lauwerszee-polder').
4. DEN BOER (Surroundings of Wijster, Drenthe).
5. RICHTER (Amsterdam, Loosdrecht, Flevoland, De Wieden).
6. NEUMANN (Braunkohl-Abbaugebiet westlich von Köln).
7. THIELE ('Das Bergische Land', Wupper- und Düsseltal).
8. STEIN (Umgebung von Giessen, Hessen).

SOME REFLECTIONS ON DISPERSAL
L. VLIJM

1. INTRODUCTION

The aim of this symposium was to discuss the phenomena of dispersal and
dispersal power, especially with respect to carabid beetles. The aim of these
'reflections' is to touch upon a few of the themes which were covered during
this symposium. This approach was dictated by the belief that it would be
impossible to cover all the aspects of such a wide-spread phenomenon as dis
persal in a short paper of this sort. The need for such a limited approach is
indicated by the fact that in the last few years several papers, and even
books, have appeared, dealing only with a few of the many problems associ
ated with dispersal which were discussed in this symposium (cf. SCHNEIDER,
1962; SOUTHWOOD, 1962; SCHWERDTFEGER, 1968; JOHNSON, 1969).

Therefore it was decided to do two things:
a. to make some general remarks, indicating the various lines of thinking,
and investigations, which seem to be important;
b. to comment upon the problems which were discussed during the sym
posium, in an attempt to summarize some of the ideas on, and investigations
into, dispersal and dispersal phenomena, especially in carabid beetles.
2. DISPERSAL AS AN AUTECOLOGICAL PHENOMENON

Plants and animals are constantly influenced by natural selection and
consequently their biology can only be understood in relation to their envi
ronment. Likewise, dispersal should be discussed in relation to the environ
ment. Dispersal then, for an ecologist, may be considered as a function of a
number of various specific characters (morphological, physiological, ethological) of a species. These various specific characters, which can be found in
the individuals of the species (though not in all specimens, as the characters,
belonging to the gene pool of a population, are distributed statistically among
the individuals) serve, ultimately, one goal : the survival of the species. How
ever, the characters, which play a part in dispersal, cannot always be easily
understood with respect to the survival of the species. In the opinion of the
reviewer it should be realized that some of the various specific characters,
which act in the function of flying or walking, resulting in dispersal, have
developed in the past - in which case it can be said that the species has been
adapted to past conditions by means of natural selection -, while others are
developing in the present - and a study of these is a study of the process of the
adaptation of the species by natural selection in the present conditions
In
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the latter case it is evident that a genetical approach should be used when
investigating the causal factors which result in dispersal phenomena.
Thus, when one is interested in the problems of dispersal, an autecological
approach is necessary to look at the specific characters which form a basis for
the eventual dispersal activities of the specimens of the species.
Not all specific characters, even those such as the presence of wings or wing
muscles, which seem to have a direct relationship with the function of disper
sal, will have the same value. An ecologist should try to study these values in
relation to the function, walking or flying, which results in dispersal. This
means, however, that more attention will always be given to those characters
which show some variation (within a species, a species group, or even a
higher taxon) than to those which do not show variation. For example, the
facts that 'carabid beetles have six legs' or 'carabids have chitinous elytra'
were not discussed in the symposium, as they did not seem to have any rele
vance to the phenomenon of dispersal, whereas brachyptery and macroptery
in carabid beetles received a considerable amount of attention.
Both types of characters - those which have been developed in the past, as
well as those which are developing under the present conditions - have been
discussed in relation with each other during the symposium. They have
resulted in discussions of dispersal as a phenomenon at the specimen- and at
the population-level. In both cases tables and figures were presented. Some
tables were produced at the population level (vide HAECK and DEN BOER)
in which data, on characters relevant to dispersal, were included (for
example, percentages of winged and unwinged specimens in populations of
carabid beetles). These data indicated that differences occur between popu
lations of the same species, as well as in populations of different species. On
the basis cf this, and in a comparative way, conclusions were drawn, at the
population-level, about dispersal and dispersal power of the species studied.
On the other hand, tables were presented during the symposium, which
originated from an autecological approach (vide NEUMANN and RICHTER),
in which factors, relevant to dispersal phenomena, were analysed. Conclu
sions were drawn and these were such that they could be tested in an ex
perimental set-up in the laboratory. In the approach at the population level
laboratory experiments are not always possible. Sometimes, however (vide
HAECK), conclusions drawn at this level (vide DEN BOER, 1970) can be tested,
on the basis of man-made changes in the habitat.
In general it can be stated that both an autecological approach ('what are
the causes which induce specimens of a species to walk or to fly away') and a
population-approach ('what is the percentage of specimens of a species which
show dispersal activities by walking or by flying') are necessary to understand
dispersal in carabid beetles.
In both cases, in the autecological as well as in the population-approach,
one should remember that the hypotheses which are formulated should be
testable. MURDOCH (1966) stated: 'A widely accepted criterion of a scientific
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hypothesis is its falsifiability; unless it is possible in principle to test an idea,
i. e. make some observation or experiment which could conceivably disprove
it, it must be rejected or restated. Thus the truth or falsity of a hypothesis
cannot be inferred in any way from its material origin. That is conclusions
of a paper cannot be accepted on the basis of the premises, logic and internal
consistency alone, even if these are all sound..
At the same time it should be stressed that, in discussing dispersal from the
point of view of an autecologist, the relevance of characters with respect to
this phenomenon is a rather difficult question. It seems useful to elucidate
this statement with an example : An adult Cicindela is always macropterous.
That it utilizes its flight possibilities, for catching prey or flying away when
disturbed, is a matter of observation. It is obvious that this character, the
presence of wings and wing muscles, is of importance to individual survival.
At the same time, Cicindela has bristles on the tarsi which aid the animal to
burrow in sandy soils; and by so doing it can escape adverse conditions. Thus
these bristles are also important to the survival of the species. Now both these
characters, the presence of wings and wing muscles and the presence of tarsal
bristles, serve the same goal: the survival of the specimen, and also the surviv
al of the species. However, only the former type of character was considered
in this symposium, as the latter type was not thought to be 'relevant to dis
persal'. The question could be asked as to the means whereby Cicindela has
acquired the tarsal bristles. Hypotheses could be put forward but they would
not, by their nature, be amenable to experimental examination. An ecologist, however, should always try to comment upon characters, which,
because they are variable (compare the character: six legs, or bristles
on tarsus, with: the presence or absence of wings in carabid beetles), can be
studied further quantitatively and experimentally. Possibly this was not
realized during the symposium, but, on the other hand, the concentration
during the discussions on 'winged and wingless', and probably also on
'individuals versus populations' indicates that the participants were aware of
the problems which can be tackled by different types of ecologists.
3. DISPERSAL AS A PHENOMENON OF MOBILITY
Mobility has obvious survival value for animals. Dispersal, which was
defined before as a result of the functions of morphological, physiological and
ethological characters (walking, flying), is only one aspect of mobility, and
by mobility several other functions (e.g. feeding, reproduction) are served.
However, leaving for the moment the functions of feeding and reproduction,
it can be said that by mobility harmful effects can be avoided. In fact, as
JOHNSON (1969, preface) states: 'The biology of insects might eventually be
considered around the main theme of mobility, which is the outstanding
feature of adult insects'.
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Mobility has many aspects. Functionally, mobility has been categorised on
the basis of investigated or suspected motivations: feeding, reproduction,
dispersing.
It is interesting that there remain forms of activity that have been cate
gorised as 'trivial activities' (CARTHY, 1965). It seems likely that this cate
gory simply reflects our ignorance on the subject and with further investiga
tion those activities at present assigned to this category will be redistributed
in the other three categories.
In this symposium only one aspect of mobility, dispersal, has been dis
cussed, although intimate relationships exist between dispersal and other
forms of mobility. Dispersal received special attention as it was realized that
'dispersal phenomena could be a main theme to understand the ecology of
carabid beetles'. In addition to the above mentioned autecological approach,
dispersal can also be evaluated as a population character, comparable with
natality and mortality, and all these aspects should be taken into account
when dealing with dispersal.
4. DISPERSAL IN RELATION TO POPULATION, DISTRIBUTION AND PRODUCTION

All living organisms have developed means to disperse, although the stages
in the life-cycle in which dispersal occurs may be very different. As a con
sequence of its general importance dispersal is a phenomenon which can be
approached from different points of view. Dispersal could be looked at from
the point of view of population ecology, or the point of view of distribution
ecology. The relation of dispersal to any of the indicated disciplines has not
been explicitly discussed during the symposium.
DEN BOER (this symposium) indicated some differences in dispersal phe
nomena in plants and terrestrial animals. Many marine animal species, with
respect to dispersal, resemble plants in that dispersal - mobility is only found
in relation to reproduction. THORSON (1950, 1955) remarked upon the enor
mous quantities of eggs and larvae (i.e. the dispersal stages) produced by
marine lamellibranchs when compared with other species of molluscs which
produce few eggs, or even show some sort of viviparity. He has shown that
the very high natality is related to the very high mortality during the period of
planktonic life of these eggs and larvae and he was able to demonstrate a rela
tionship between the length of this period and the number of eggs produced.
In the work of THORSON, therefore, it can be seen that dispersal has to do
both with natality and mortality. Thus dispersal is a major characteristic
which has to be considered in the understanding of the dynamics of popula
tions. The work of THORSON further demonstrates the intimate link between
dispersal and distribution ecology (cf. ANDREWARTHA and BIRCH, 1954).
It seems that in carabid beetles dispersal has mostly been studied in the
context of distribution. This seems to be caused mainly by methodological
difficulties in terrestrial ecology. The distribution of a species is always a
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result of dispersal activities, but any direct quantitative relationship between
the two is difficult to be produced. From the results of pitfall-trapping, or
other sampling techniques, one can infer that dispersal by flight (window- or
suction-traps), or eventually by locomotion (surface-traps) is taking place.
Special aspects of distribution in this way may be understood, but the
methods used and the sites in which the traps were placed, should be taken
into account. It is not sure that any conclusion will be of general importance
with respect to dispersal phenomena.
On the other hand in the last few years changes in the approach can be
observed (SOUTHWOOD, 1962; JOHNSON, 1969; DEN BOER, 1970). These
workers have stressed the importance of the habitat in relation to dispersal.
Dispersal can be evaluated as a means to survive in specific habitats. This
leads to an approach in which dispersal is considered a phenomenon which,
like natality and mortality, is a population characteristic.
Dispersal during this symposium has been discussed mainly in relation to
autecology, population ecology and distribution ecology. It could be thought
that in dispersal-power (vide DEN BOER, this symposium) some link has been
constructed with production-ecology. However, in 'dispersal-power' it was
tried to evaluate dispersal at the population-level. This does not mean that
no relations with production-ecology occur, but they are not yet clear. It
seems that in future some investigations into dispersal as a phenomenon of
production-ecology should be awaited.
5. DISPERSAL PHENOMENA IN CARABID BEETLES

Dispersal phenomena, in general, as well as in the case of carabid beetles,
can be categorised. Thus, following the views of SCHWERDTFEGER (1968) and
JOHNSON (1969), dispersal can be considered under the following headings:
5.1 The causal factors inducing dispersal

Causal factors can be of two types: external factors (e.g. meteorological,
density etc.) or internal (endocrinological). When these are studied it is
important to consider not only those individuals in a population which
respond to the factor but also those which do not. This means that causal
factors, operating at the individual level, also can be evaluated at the popula
tion level. It will be necessary then to know the variation in time and space of
the quantitative response to the stimuli.
5.2 T h e p e r i o d d u r i n g w h i c h d i s p e r s a l o c c u r s

When dispersal starts, one is left with the question of how long the dispersal
activity continues. Therefore both the external and internal stimuli should
be known which act to stop the flight or locomotion at the individual level.
Again, when the variation within a group of specimens is known, an idea of
dispersal at the population level can be obtained.
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5.3 The target and the effect
In combination with 2, the question of the 'target' should be investigated.
Is there some kind of target (which can only operate by external stimuli) or
not? If yes, or no, what is the effect of dispersal for the species? Is it possible
to get percentages of those animals which departed and also of those which
arrived in areas where they are able to 'found' new populations?
One should be very careful, when dealing with data collected with respect
to one of these categories, about using such data with respect to other cate
gories.
During the symposium these 3 categories were amply discussed. It should
be realized that data in one of the categories are related with those of the
others, but they are not directly related e.g. the numbers of specimens caught
in a target-area, cannot be used, as such, to evaluate the number of speci
mens taking off from an original habitat.
Some further remarks should be made about these 3 categories.
1. Dispersal has always been considered as 'adaptive dispersal', which some
times includes 'migration' (cf. JOHNSON, 1969). The terminology associated
with dispersal and migration has not yet been clarified.
2. Dispersal can be 'accidental' (cf. PALMEN, this symposium) 'incidental' or
'general'. 'Accidents' may be more important than was previously realized.
sub 5.1. The causal factors inducing dispersal
JOHNSON (1969) has stated that there are two hypotheses about the causes
of migration flight. As he includes 'adaptive dispersal' in migration a consid
eration of these hypotheses is relevant in the present context. Concerning the
first hypothesis (Fig. 1)* he said 'It is no more than a tacit assumption that
insects merely respond to currently adverse factors in the environment, such
as shortage of food or 'overcrowding' by flying away.' He further argues:
'This seems to be true for some species. For example, the intermittent locomotory activity of house flies and blow flies which seems to account for much
displacement between ephemeral breeding sites, and so serves a migratory
function, is controlled by current stimuli, especially those associated with
feeding' (JOHNSON, 1969).
The second hypothesis (Fig. 2) 'postulates that particular factors in an
environment that will become unfavourable act as token stimuli, influencing
ontogeny, and cause some insects to develop into specifically migrant adults.
The hypothesis supposes that migration flight is a behavioural feature con
comitant with a particular stage in the adult, produced by the same environ
mental-endocrine system that produces morphometric phases' (JOHNSON,
1969).
• The author acknowledges the permission of Dr. C. G. JOHNSON and METHUFN Ltd. and
Co., London, to reproduce two figures (Figs. 1 and 2) from JOHNSON, C. G. 1969. Migra
tion and dispersal of insects by flight. 763 p. Methuen and Co. Ltd., London.
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IMMEDIATE RESPONSE BY
ADULT TO CURRENT ADVERSITY

Fig. 1. Hypothetical relation between migration and environment. It is supposed that the
environment acts directly on the adult to produce a migratory or non-migratory behavioural
response.

One could ask the question as to the difference between the two hypothe
ses. The models seem to represent two extreme situations and it seems likely
that intermediate situations will occur. The main difference between the two
seems to be that the first hypothesis is operating at the individual level, while
the second deals with the population level, by influencing the ontogeny of
the members of the population. In the first hypothesis the results are direct,
in the second a 'token stimulus' is acting on the population and its influence
is manifest in the next generation. It could be questioned if these two hy
potheses, possibly valid for aphids and locusts, have a more general applica
tion. Some doubts could be expressed as to the value of these models in
understanding dispersal phenomena in carabid beetles. They are, however,
real hypotheses, which means that they can be tested (cf. MURDOCH, 1966).
During the symposium DEN BOER put forward other hypotheses. He con
trasted two 'hypotheses': the 'overflow' and the 'founding' hypothesis, in
dicating that either of the two should be operating in any case of dispersal
in carabid beetles. It seems that the 'overflow' hypothesis, which was also
used by MOOK (this symposium) to comment upon the dispersal activities of
young moles, may include both hypotheses of JOHNSON. But even in this case
DEN BOER did not mean to 'explain' the mechanism but the result and the
ecological significance. On the other hand the 'founding' hypothesis is rather
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ONTOGENETIC RESPONSE TO
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Fig. 2. Hypothetical relation between migration and environment. The environment affects
the development of the insects, so producing either migratory or non-migratory forms.

different from those of JOHNSON. The question could be asked as to the
meaning of this hypothesis. DEN BOER (this symposium) stated: 'Dispersal is
necessary to increase the chances of founding (or refounding) populations
(and probably to exchange between populations). For, it seems reasonable to
suppose that in general sparse populations will have to 'invest' highly in dis
persal to reach a sufficient 'turnover' to be able to survive over large areas'
(DEN BOER, 1970).

It should be pointed out that especially this 'hypothesis' is fundamentally
different from those of JOHNSON. It does not look at the causal mechanism
which initiated dispersal, but looks at the results of the dispersal act and tries
to evaluate dispersal in the light of the result: survival of the species (see also
earlier comments). Therefore, if this hypothesis can be tested directly it must be
done in a different way from those of JOHNSON. It seems that testing in this
case will mainly mean : collecting data which are in line with, or adverse to,
the 'founding' hypothesis, or performing experiments that disprove the
'overflow' hypothesis. This hypothesis leads mainly to comments on dispersal
power and these will be given later.
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In a different way JOHNSON'S two hypotheses were amply discussed during
the symposium (cf. DEN BOER and LINDROTH) in a discussion as to whether
the significance and causation of dispersal must be considered at the individ
ual or the population level. It could be argued that it is necessary to evaluate
the genetical implications of dispersal in carabid beetles (as was done with
Pterostichus anthracinus by LINDROTH).
5.1.1. T h e g e n e t i c a l b a c k g r o u n d

More specific data, with respect to this, are required for carabid beetles.
However, even when further data are collected it will not be too easy to
apply the hypotheses ofJOHNSON (1969). This can be seen by reference to the
work of WELLINGTON (1957, 1964) on natural populations of Malacosoma
pluviale (DYAR), the western tent caterpillar, in which he could distinguish
two types of larvae. Type I walked straight towards a light, whereas in type
II, which either stayed or wandered around, three main kinds could be
observed : (a) the most active kind that were well able to fend for themselves ;
(b) larvae that were unable to fend for themselves; (c) larvae that were so
weak that some even failed to emerge and others did not reach maturity. The
characters did not change: they were persistent in the larvae and were also
reflected in the adults which they produced. Active larvae produced active
adults, showing a great flight activity, but sluggish larvae produced adults
which were inactive. Again it is dangerous to generalise from this species (the
more as it is a Lepidopteran) to a number of species of carabid beetles.
WELLINGTON himself wrote: 'When its surviving members mature, the
strongest fliers among them may oviposit locally, but they are also capable
of flying further away beforehand; and many do. In contrast, the less active
adults are incapable of sustained flight, so that all females of this type that
are able to oviposit must do so near their birthplace. Thus, partial emigra
tion of the better stock coupled with complete retention of poorer quality,
but as yet still viable, stock hastens the decline of population quality in the
locality'.
In this respect research on carabid beetles has only just started and it
seems too early to produce any definite hypothesis (model) for dispersal
phenomena. This is the more true as the egg and larval stages of the life-cycle
of carabid beetles are difficult to observe under natural conditions. It seems
that it will be necessary to use an experimentally approach (as was used by
THIELE and his co-workers; THIELE, 1964a and b) in the laboratory to com
plete our knowledge on the different species.
sub 5.2. The period during which dispersal occurs
In aphids it is known that a diel flight periodicity occurs, whereas some
times, on the other hand, sudden mass flights can be observed (JOHNSON,
1969). In carabid beetles not much is known about these questions, but it can
be argued that in some species comparable phenomena may happen. It may
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be assumed that dispersal occurs in the period in which the animals are
generally active. It seems that the approach of RICHTER (this symposium)
with wolf spiders, could also be used as a model for research in carabid beet
les. Some attempts were made by LINDROTH (1953).
In this context it seems of interest to collect data to see if species which are
active during the daytime also show dispersal activity during the same peri
od, and at the same time to see if dispersal activity stops at the end of the
normal period of activi ty. In this respect some remarks can be made, (a) It is
not yet known if stimuli from the habitat act upon carabid beetles while they
are dispersing, (b) It is not known whether dispersal activity simply ends
when the fuel supplies for the 'journey' are used up. (c) It is not known
whether specimens which land, voluntarily or involuntarily, can, if they do
not receive the appropriate stimuli from the 'landing area', take off again.
These questions seem to be important but as no pertinent data are avail
able they simply indicate the need for further research. In this context, how
ever, the discussion on 'stepping stones' (cf. discussion THIELE-DEN BOER) is
relevant. Thus DEN BOER (1970) stated: 'The condition of survival of this
kind of 'rare' species seems thus to be the availability of a vast area where
suitable sites are within travelling distances for migrating individuals, or are
interrupted by 'stepping stones' in the form of less suitable sites in which
sufficient reproduction is possible to bridge the distances indirectly'. Thus
'stepping stones' are defined as less suitable habitats, in which, however,
some reproduction can occur.
It seems that 'stepping stones', especially for dispersal by flight, but possi
bly also for dispersal by locomotion, can be temporary habitats in which
reproduction could, but need not necessarily, take place (cf. PALMEN, this
symposium, and PAJUNEN (1965) on Heteroplera). 'Stepping stones' could also
be 'fueling stations' for dispersing animals. In 'stepping stones' the habitat is
usually described in relation to the use which the dispersing animal makes of
it but it could also be evaluated in terms of the number of stimuli coming
from it which act on the dispersing animal. The whole concept of'temporary
habitats' has been discussed by MCLEOD and DONNELLY (1957 and 1963)
with respect to the distribution of blow flies. MCLEOD (1956) described the
movement, mainly of Lucilla and Calliphora species, as follows: 'a distinct,
habitat-related, pattern of density distribution of the fly population, an al
most kaleidoscopic movement pattern, unrelated to the underlying mosaic,
of the individuals comprising the population and ... a tendency to inde
terminable aggregation of individuals, possibly at the protoco-operative
level, but occasionally at least due to an identifiable ephemeral cause'. And
also: 'Suitable sites, considerable distances, downwind, may be detected by
the flies and much flight may therefore be of a non-random kind'.
It seems that some of the above remarks may be pertinent to dispersal
phenomena in carabid beetles and that some of the questions posed should
be studied with respect to carabid beetles.
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Sub 5.3. The target and the effect
Remarks about target problems have already been made under heading
sub 5.2. 'The period during which dispersal occurs'. A target only operates
when a species can found a new population. It seems that targets, as defined
in the 'founding' hypothesis of DEN BOER, are difficult to study directly,
because also reinforcing of populations by new dispersing specimens may be
important under this hypothesis.
5.3.1. The effects of dispersal activities
Dispersal must sometimes result in the founding of new populations other
wise natural selection would have removed those features, which facilitate
dispersal, from the population. This seems to be the backbone of the
'founding' hypothesis of DEN BOER against the 'overflow' hypothesis.
In this context it seems that only limited possibilities exist for studying such
effects e.g. research in virgin areas (Surtsey, Flevoland, Lauwerszeepolder).
However even in research in virgin areas, which should be continued over a
period of many years, one is faced almost immediately with the problem of
distinguishing new arrivals from those individuals which are the offspring
of a founded population. It seems that continuation of the research of HAECK
as well as that of MEIJER may help to solve this problem.
The 'oogenesis-flight syndrome' (JOHNSON, 1969) offers a testable hy
pothesis. This hypothesis (leaving aside for the moment the question of its
relevance to dispersal in carabid beetles) states that the dispersal of females
capable of depositing eggs is much more important than that of males.
JOHNSON presents evidence which suggests that adaptive dispersal is based
on the relation between the development of ovaries to that of the flight appa
ratus. The development of the flight apparatus (wings, wing muscles and the
biochemical processes associated with their functioning) is extremely labile.
It may develop completely or its development may be inhibited at any stage;
wings may be short or muscles incompletely developed. The development of
the two systems, ovaries and flight apparatus, is influenced by environmental
factors - especially food supply, crowding and temperature. JOHNSON states:
'If the flight apparatus becomes fully mature while the ovaries remain im
mature, the insect may become a migrant. If the ovaries become mature and
the flight apparatus does not, eggs are laid in or near the old habitat. Varia
tions in structure and behaviour between the two extremes, migrant adult
and flightless adult, are geared to the ecological needs of the species'. This
statement would seem to require some modification before it could be ap
plied to carabid beetles. The hypotheses and statements of JOHNSON seem to
be primarily based on those cases where, within a species, both extremes can
occur. In the context of dispersal it is necessary to pay attention to the ecolo
gy of these polymorphic species.
It should be realized, in this respect, that winged forms in carabid beetles
seem to be original - brachyptery being a secondary characteristic (cf. Dis149

cussion VAN DER AART-DEN BOER, this symposium). Consequently brachypterous forms should be studied in detail. This means that not only dispersal in
the form of walking should be studied (cf. DEN BOER, 1970) but also inciden
tal and accidental dispersal.
5.4. Dispersal power
During this symposium 'dispersal power' of carabid beetles was discussed.
The term seems to have been first defined by DEN BOER (1970). He notes:
'Under dispersal power is understood the ability of a group of individuals to
bridge relatively great distances. We are especially interested here in the
extent to which dispersal power does increase the chance of founding popula
tions'. It is further clear that: an important 'investment in dispersal'is not
restricted to species from unstable environments ; at least some sparse popu
lations living in more stable environments also 'sacrifice' relatively great
numbers of individuals for dispersal (Pterostichus slrenuus). The hypothesis is
proposed, that populations facing a high risk of extinction generally will
have a sufficient chance of founding populations (high 'turnover') when
'investing extensively in dispersal' (DEN BOER, 1970). This gives an indica
tion how the term 'dispersal power' is used. It should be mentioned that
some aspects of the phenomenon which has been called 'dispersal power' by
DEN BOER have been designated as 'migratory capacity' by JOHNSON (1969).
It seems that we meet in 'dispersal power' a character which is only valid at
the population level (or, eventually, at the species level) and cannot be ap
plied at the individual level.
Is dispersal (Fig. 1 and hypothesis I of JOHNSON) only operating at the
individual level, is it (Fig. 2 and hypothesis II) operating at the population
level, or can it, in the context of the 3rd hypothesis (DEN BOER), be evaluated
at the population and species level by estimating the numbers of individuals
'invested' in dispersal in relation to the 'dispersal power' of the population
(species)?
The question can be put in 'black and white', as was done above, but on
the other hand it should be realized that WELLINGTON'S work shows that a
scheme in 'black and white' is not pertinent to the ecology of species.
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