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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 bra-
chypterous 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-Flevoland,
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 ‘Lauwers-
zee’, 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. pE Wit (Wageningen) for being our advocate to
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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. pEx Boer

Before leaving for the excursion on November 5th.

From the left to the right: VLijM, VAN DER AART (hearer from Leiden University), LiNp-
ROTH, STEIN, WijmMans, HENGEVELD, PaLMEN, VAN Dyk, RicHTER, VENEMA, Mook,
THIELE, TjaLLINGH (hearer from Groningen University), DEN BoErR, HAECK, NEUMANN,
MEjjER.
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PROGRAMME

November 3:

. Opening by VENEMA.

Mooxk: Observations on the colonization of the new IJsselmeer-polders
by animals.

. Haeck: The immigration and settlement of carabids in the new IJssel-

meer-polders.

MEener: Immigration of arthropods into the new Lauwerszee Polder.
LixproTH: Biological investigations on the new volcanic island Surtsey,
Iceland.

PaLmEN: Translocations of insects in the archipelago of the southern coast
of Finland.

November 4:

1.

2.

RicHTER: Some aspects of aerial dispersal in different populations of wolf
spiders, with particular reference to Pardosa amentata (Araneae, Lycosidae).
NEeumaxn: Die Ausbreitungsfihigkeit von Carabiden in den forstlichen Re-
kultivierungen des Rheinischen Braunkohlenreviers.

TuieLe: Wie isoliert sind Populationen von Waldcarabiden in Feld-
hecken?

StEIN: Das Ausbreitungs- und Wanderverhalten von Curculioniden und
seine Bedeutung fiir die Besiedlung neuer Lebensraume.

DE~N Boer: On the dispersal power of carabid beetles and its possible
significance.

Viim: 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.
BEJERINCK, a member of a well known family of scientists in Holland. In
1953, after BErjerINcK’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 oligotrophe 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, ismuch 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 oak-
birch, 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 appecars 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. VExEMA

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 sec 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. pEx 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 IJssclmeer, 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, Wieringermeer-
polder 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 serlously 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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Landscape of the Noordoostpolder seen from the former island of Schokland. June 1970.

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.
T'he 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-
mne 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 dispe1sal, 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 WinN-
GAARDEN and LENsiNk (1956, 1959) and Cavi (1960) during the earlier

A recently cultivated part of Oostelijk Flevoland seen from a bridge over a canal. June 1970.
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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 mi-
nutus (PaLLas), and Common Voles, Microtus arvalis (PALLAS) arrived atthe
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 (Cavg, 1960).

These small mammals probably did not swim across the bordering lake,
but for larger mammals like Hare, Lepus europaeus (ParrLas) and Roe, Capreo-
lus 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
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TABLE 1. Presence and numbers of moles caught on islands I and III in the Veluwemeer

(+ = moles present, — = no moles present).
Year 1961 1962 1963 1964
Month IV VII VIILIX X-V VII VIILIX X-V VI VII-IX X-V VI VII-IX
Island I + + 19 - 4+ 6 - + 10 - + 14
Island 111 - + 5 - + 9 - + 5 - + 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 radioacti-
vely 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 Harder-
sluis 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, itis of no practical importance in limiting the spread, because the moles
disperse much slower than their prey.

b. Insects

The two species studied in Qostelijk Flevoland ate 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 Hakck, 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 9/, than near the dikes
and on the old mainland, where it approached 100 9, (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 abun-

20



Fig. 3. Parasitism of Pieris brassicae larvae by Apanteles glomeratus in Qostelijk 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 of 3}-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 predation 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
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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 1935 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 off 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 orinwhich fertilized females were used, anindication that the fema-
les disperse after copulation. A study of the sexual behaviour of the flies lead to
the same conclusion (Mook and BRucGEMANN, 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 asy = g e-**?, from which follows that log y = a~bx? (wherex s
the deviation from the mean and a, b, and g are constants). If a distribution
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Fig. 4. Lipara lucens, migration experi-
ment G 23, Oostelijk Flevoland, 1962.
Distribution of galls with distance

from central point in which flies w0
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 x* 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 (x!),
wnich means a high degree of leptokurtosis (Fig. 5).

Skerram (1950) and Wirriams (1961) pointed out that even if insects
rcleased 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 in-
traspecific 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

With the reclamation of Zuidelijk Flevoland the investigations cameintoa
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
Hakeck 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
communts 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 maritimus 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 Hyalopterus pruni 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
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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.

Hpyalopterus 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 growth 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
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Fig. 7. Distribution of galls of Rhab-

number of golls per plant

. dophaga heterobia on Salix triandra
o L. along a transect through the polder
3 10 15 km Zuidelijk Flevoland in September

sw NE 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 aqua-
tica. June 1970.

of the aphids for reed growing under different water regimes.

On the willow species Salix triandra, S. alba and §. 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
(LeEPEL.), a Tenthredinid wasp on Salix alba), some more slowly (the gall
midge Rhabdophaga marginemtorquens (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.

29



SUMMARY

In this paper a survey is given of investigations 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, MEfjer, Mook.

MEER 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 BoERr; 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.

DEeN BoEr asks what is known about long-range dispersal in the ‘lepto-
kurtic’ 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, DEx 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 individualsin 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
Boker 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.

Fig. 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-QOost
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, Senecto 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. 3and 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, $ km from the western dike (Figs. 7and
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 tripo-
lium (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 DeEn Boer (1970): O. Flevoland-
section 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 DEx Bokr.

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 divica 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 SouTHwoop (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 9%, 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 anindication for its dynamic
group and for its ecological group. The first indication according to
LinproTtH (1945), supplemented for the situation in the Netherlands by data
of DEx 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 4nd in the (regarding an undisturbed develop-
ment) youngest part of Oostelijk Flevoland (st. 1-12), c. species caught in
nearly all stations in QOostelijk 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 Noord-
Qost 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 ‘r’ 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 Dex Bogr (1970). In agreement with Den
BoEer’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 (32 = 0.024,p —1)
as well as with our data from the woods sampled in the Noord-Oost Polder
and on the mainland (3? = 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 (32 = 11.9,
p ~ 0.001), the data from the islands (4? = 8.16, p ~ 0.01) and the data
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TasLE 2. Total number of carabids caught in window traps. (Indications of dynamic and ecological
groups as in Table 1.)

Station and year

Species Dynamic Ecological 4 12 6 4 Total
group group 1968 1968 1969 1969
Bembidion varium Ol m r 21 - 22 209 252
Trechus quadristriatus Schrk. m a 218 8 - - 226
Bembidion rupestre L. m r - - 5 101 106
Amara convexiuscula Mrsh. m a 46 21 - 10 77
A. majuscula Chd. m a 51 - - 2 53
Stenolophus mixtus Hbst. m r 6 1 14 19 40
Trechus discus F. m r 33 - 1 - 34
Bradycellus verbasci Dft. m h 10 11 - 8 29
Bembidion assimile Gyll. d r 7 - 1 10 18
B. ustulatum L. d r 3 1 - 11 15
Bradycellus harpalinus Serv. d h 4 9 - - 13
Bembidion quadrimaculatum L. m r 2 - - 5 7
Amara plebeja Gyll. m w - - 2 5 7
A. familiaris Dft. m a 1 - 1 . 3 5
A. aenea Deg. m a - - - 5 5
A. spreta Dej. m h 2 - - 2 4
A. famelica Zimm. m r - - - 4 4
Agonum muelleri Hbst. m a - - - 3 3
Bembidion guttula F. d r 3 - - - 3
Agonum thoreyi Dej. d r - - - 2 2
Bembidion bipunctatum L. m r - - 1 1 2
Elaphrus riparius L. m r - - - 2 2
Anisodactylus binotatus F. m a - - - 2 2
Amara similata Gyll. m a - - - 2 2
Bembidion iricolor Bed. m r 1 - - - 1
B. biguttatum F. m b 1 - - - 1
Acupalpus dorsalis F. m r 1 - - - 1
Amara bifrons Gyll. m a 1 - - - 1
Dyschirius luedersi Wagn. m r - - - 1 1
Harpalus smaragdinus Dft. m h - - - 1 1
Pterostichus nigrita F. m r - - - 1 1
Number of species 18 6 8 23 31
Number of individuals 411 51 47 409 918

from the ‘new part’ of Oostelijk Flevoland (3* = 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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Tasre 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’ Total

Group of stations number
r a h w b of species

window traps 54.8 29.0 12.9 3.2 0 31
Zuidelijk Flevoland (st. 1-7) 52.2 22.4 149 10.4 0 67
new islands (st. 84-9) 359 35.9 12.8 15.4 0 39
Qost. Flevol., new part (st. 10-12)  33.3 35.2 16.7 13.0 1.8 54
Z.4+0O.Flevol, old part (st. 13-16) 25.4 21.8 20.0 29.1 3.6 55
O. Flevol.-N60, 1964 (st. 15) . 222 26.7 20.0 26.7 4.4 435
O.Flevol.-N60, 1968 (st. 16) 233 13.3 26.7 333 33 30
N.O.Polder + mainland

(st. 17 4+ 18) 21.5 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

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 60-
Oostelijk Flevoland has shifted from many species from arable land in 1964
towards relatively more woodland species in 1968.

2. Frequency of dimorphicspecies

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 DeEN Boker (1970): The frequency of dimorphic,
moncmorphic 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 staticns
as compared with Drenthe. It corroborates Dex BoEer’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.FL.-N 60/1968 and Drenthe: x> = 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 DEx 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 Dex Boer
did not find significant differences between the samples from QOostelijk Flevo-
land and from Drenthe regarding the relative frequencies both of macro-
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TasLE 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.)

Dimorphic Monomorphic Monomorphic Total
species  macropterous brachypterous 22*
Group of stations species species number
number %,  number %  number 9, of species

window-traps 5 16.1 26 839 31 1.66
Zuidelijk Flevoland (st. 1-7) 15 224 52 776 67 0.82
new islands (st. 8 +9) 12 30.7 27 69.3 39 0.003
Oost. Flevol., new part (st. 10-12) 18 333 36 66.7 54 0.25
Z. + O.Flevol,, old part (st. 13-16) 19  37.2 29 56.9 3 5.9 51 1.19
O. Flevol.-N60, 1964 (st. 15) 17 35.0 25 625 1 2.5 45 0.002
O. Flevol.-N60, 1968 (st. 16) 17 56.7 11 36.7 2 6.6 30 8.54
N.O.Polder 4 mainland (st. 17 +18) 17 425 20 50.0 3 7.5 40 2.81
Drenthe (Den Boer, 1970) 39 262 93 62.4 17 114 149

* Jevel of significance (two-sided) x? > 5,024 (p < 0,05)

TagLE 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 more stable
M D B M D B

window traps 23 3 4 1
Zuidelijk Flevoland (st. 1-7) 41 9 11 6

new islands (st. 8 +9) 21 7 6 5

Oost. Flevol., new part (st. 10-12) 27 10 9 8

Z. 4 O.Flevol., old part (st. 13-16) 15 10 17 10 3
O. Flevol.-N60, 1964 (st. 15) 15 3 12 14 1
O. Flevol.-N60, 1968 (st. 16) 4 7 8 9 2
N.O.Polder + mainland (st. 17 + 18) 8 8 1 12 9 2
Drenthe 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
(x* = 12.45, p ~ 0.001) and for dimorphic species (y? = 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 (y? = 6.79, p ~ 0.02; for
dimorphic species 32 = 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 granulatus 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.

Ancther 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 granulatus,
Pterostichus vulgaris, Pt. strenuus). Introduction of brachypterous individuals
is perhaps less difficult by direct transport via the water than per pedecs 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 I 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 crossing-
experiments 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 (Jacksoxn, 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
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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 spccies 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 (LixprotH, 1949), a few individuals were caught in
Drenthe in 1961 (Dex Bokr, 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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TasLE 7. Number of carabids caught under 40 m? of netting at st. 3 (Zuidelijk Flevoland) in 1969.
(Indication of ecological and dynamic groups as in table 1.)

Ecolo- Dyna-
gical mic April May  June July  August Total
group  group

1 11 52 15 182 97
105 29! 1083 249

Bembidion ustulatum
B. rupestre

B. assimile

B. minimum
Loricera pilicornis
Agonum marginatum
Pterostichus vernalis
Stenolophus mixtus
Nebria livida

Clivina fossor
Pterostichus niger
Trechus discus
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! including 4 callow individuals
2 including 2 callow individuals
3 including 37 callow individuals

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 cara-
bid 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: HAEck, 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
Sttona lineatus weevils were found on one day and within one net sample.
He is sure that they were the progeny of only one Q 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

51



this area. No breeding expcriments were done, because the weevils were al-
ready dead, when this aberration was noticed.

LixproTH 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.

MeEegjer: 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.



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 Fries-
land. 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 237 of May 1969. The Lauwerszee consisted of large tidal flats inter-
rupted by one large creck 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. Scuurtz 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 Flevopol-
ders 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. JoExJE 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
Mkr. 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. 1. Map of the Lauwerszee area showing the position of the experimental plots (scale
1 : 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
ofithese 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 formol-
funnels 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 mariti-
mus 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 window-
traps, constructed for capturing flying insects, and two types of formol-
funnels. 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 formol-
funnels 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 ofithe 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 bow-
net-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 16" 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 window-
traps 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 &). 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 4¢ ana 7 and 2,
7 ana g 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 | 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 are Sali-

cornia 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
Drr. 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 9, of the total catch of carabids consisted of Dichirotrichus pubescens
Pavk. and more than 70 9, of this species and Trechus quadristriatus SCHRK.
The same predominance of a small number of species occurs in the case of
spiders. About 35 9, of the total catch consisted of Erigone atra (BLckw.),
50 9, 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

TasLe 1. Total number of animals caught on different plots.

Plot 1 2 4 5 total
Type of trap* 1 2 3 1 2 1 2 1 2 3

Number of traps 4 12 4 4 4 4 4 12 56
All Carabidae 1 4 1 7 7 .13 22 16 22 14 107
Dichirotrichus pubescens Payk. 1 3 1 6 - 10 14 6 12 4 57
Trechus quadristriatus Schrk. - - - 1 3 3 3 5 3 3 21
All spiders 4 67 125 6 36 7137 16 410 718 1526
Erigone arctica Kulcz. - 2 4 - - - 8 - 5+ 27 95
E. atra (Blckw.) 1 25 46 4 14 2 49 5 12¢ 265 535
E. dentipalpis (Wider) 1 4 21 - 5 - 20 4 61 106 222
E. longipalpis (Sundev.) - 6 - - - -9 - 33 4 92
Oedothorax fuscus (Blckw.) - 3 8 1 - 1 9 2 34 67 125
Pardosa spp. juv. - 2 7 - 6 - 3 1 4 3 26
Linyphiidae spp. juv. - 15 33 1 6 3 33 3 62 146 302

! Typeof trap: 1 = window-trap; 2 = strip-trap; 3 = pitfall-trap;
P P p-trap P
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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 wind-
direction, 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.

TasLE 2. Total numbers of carabids caught in window-traps during a period of prevailing easterly

winds.
Trap facing North East South West
Dichirotrichus pubescens 6 7 8 4
All carabid species 11 10 12 5

The catches of carabids also show a tendency towards a distribution in
relation to the soil of the plots. For instance, Amara fulva DEG. (2 animals) is
only caught on sandy places, whereas Pterostichus niger ScHALL. and P. vulgaris
L. are usually caught on clayish plots. The same goes for the larger part of the
catch of Dichirotrichus pubescens 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 chal-
ceus 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 wind-
velocity 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. LixproTH

This paper, with few alterations, is being published in ‘Svensk Naturveten-
skap’ (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 ME1.) and one mite ( Thinoseius spino-
sus 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 thuslack 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 hydro-
chorous 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 weck 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 Sudlnasker about 10 km NE of
Surtsey, in seawater during one weck. 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 bra-
chypterous 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: DEx Boer, HENGEVELD, LINDROTH, VLIJM, WOLDA.

LixproTH related that up till now there is no question of an ‘ecosystem’ on
Surtsey. WoLpA wonders whether a very simple -— microscopic — ‘eco-
system’ might exist: bacteria, fungi, etc. Dr. G. H. Scuwasg, Plén, has
already found a surprisingly rich lower flora (cyanophyceans, chloro-
phyceans, diatomyceans, etc.) on favoured spots in the main crater on
Surtsey. The only animals associated with these were protozoans and rota-
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Fig. 4. Correlation diagrams for the small Westman Islands.

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 notsettled down, there will be a ‘gap’ between these microscopic orga-
nis 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. Pajuxen and Mr. A. JanssoN
on Corixids inhabiting rock-pools of a number of small islands around the
Tvarminne 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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SummaRryY of Pajunen, V. I. & Jansson, A. (1969) in Ann. Zool. Fennici 6,
p. 426 4 427.

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 9,
and 11-40 9%, .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 9, in A. carinata and 5-20 9, 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.

SumMARrY of HarLkka, O., RaaTikaiNen, M., HaLkka, L. & LALLUKkA, R.
(1970) in Ann. Zool. Fennici 7, p. 236 + 237.

Isolated populations of the meadow spittlebug, Philaenus spumarius, were
investigated on 29 islands in the Tviarminne 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 semi-
isolated 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.
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Discussion: DEN Boer, LINDROTH, PALMEN, THIELE, VAN DER AART, VLIjM.

VLM inquires about the 1000 km that would have been covered by
Calosoma denticolle. PALMEN replies that the nearest localities of this species
are in Southern Russia.

LixprotH 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, VLiyM 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.
PALMEN 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?
PALMEN 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 LINprOTH 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 (nospecies
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’. DEx Bokr 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.

VLM 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 DEx Bokr.
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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. RicuTer*

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, BrisTowk, 1929, Kajak, 1959, and Nisuiki, 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 (Durrey, 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 (Soutawoob, 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
(WAaLckeENAER). The P. pullata group: P. pullata (CLERCK), P. prativaga
(L. Kocn). 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 9,, 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 acronauts 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






