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INTRODUCTION

In the Dutch coastal waters there are relatively few mollusc species.
On the other hand, most of the species present in this area are rich
in individuals. This holds not only for the littoral fauna, but also
for the whole fauna of the southern North Sea.

Dutch territorial waters do not extend to more than three miles
beyond the coastal line. However, in 1927 the Editor of the “Fauna
van Nederland” took another criterion concerning the limits of what
can still be labelled as “Dutch”. A zone of about 25 km was chosen
because the Dutch light-vessels were lying at a distance of some
25 km from the coast at that time. In this paper the discussion is
not confined strictly to this area of 25 km, although the main point
of discussion will concern the fauna within these limits.

The general nature of the substratum in the Dutch coastal area is
rather uniform: for miles and miles only sand is found. The only
firm substratum is formed by artificial works, such as dikes, harbour
piers, etc.

I shall not try to give a complete picture, either of the different
environments or of the molluscs. Empty shells, specimens cast ashore
and other allochthonic animals will not play any role in the discus-
sion — only specimens living in their own habitat will be taken
into account.

The data in this paper on the detailed distribution are partly
derived from the Mollusc volumes in the series “Fauna van Neder-
land” by van BENTHEM JUTTING (1933, 1936 and 1943) and ENGEL

*) Present address: Dierfysiologisch Laboratorium, Waterlooplein 24, Am-
sterdam.
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(1936), and from the papers of JAEckeL (1952, 1958). Further I have
used many published and unpublished observations from the Zoolog-
ical Station, Den Helder, and from the Laboratory of Animal Physio-
logy, Amsterdam.

Concerning the nomenclature of Gastropods and Bivalves, I have
strictly followed the “Fauna van Nederland”. Unfortunately, no
volume containing the Cephalopods has yet been issued. JAECKEL
(1958), however, has published a fine monograph on the subject
and I have followed the nomenclature used by him.

I owe a debt of gratitude to Mr R. H. Bairp, Conway, and to Dr
H. PosTMA, Den Helder, for their advice on the manuscript.

THE NORTH SEA AREA

A stroll along the sandy beaches of the Dutch coast will soon give
a clear picture of the paucity of species by the cast up shells. This is
just a reflection of the poorness of the mollusc fauna of the southern
North Sea compared with the adjacent areas. Although the whole
area south of the Dogger Bank is relatively poor in this respect, the
Dutch area is exceptionally poor as we know from bottom sampling
and dredging results.

The structure of the bottom along the Dutch coast is very uniform.
As may be seen on the bottom chart on p. 24-25 sand is found almost
everywhere. In the southern part the median grain size is a little
higher than in the northern part. Locally, scattered moraine stones
are found, for instance to the northwest of the Island of Texel, called
“de Stenen”. Small peat ridges are found here and there, especially
northwest of IJmuiden.

The relief of the bottom is very plain; sand ridges are present
just outside the zone of surf and more ridges are present further
seaward. From the coast to about 25 km off-shore the depth increases
to no more than 25 m, and at 75 km from the coast the depth may
reach some 35 m.

Nowhere is soft bottom found — the tidal currents are too strong.
The maximum speed reached by the currents is about 4 km per
hour at the surface and about half of that near the bottom. The flood
tide, according to measurements of “Rijkswaterstaat” on the Dutch
light-vessels and of “Deutsches Hydrographisches Institut”, takes
the water some 10-11 km northeast along the Dutch coast and
the ebb takes the water back for some 8 km per tide. As a result
of the difference between flood and ebb tide the water moves with
a speed of about 7 km per day in a northeastern direction along the
coast. This water comes directly from the Channel. The influence of
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the English North Sea coastal water is small, although the water of
the Thames can be traced at points more than half way between the
Dutch and English coasts (Karre, 1953). Of course, the influence
of the continental rivers Scheldt, Meuse and Rhine on the constitu-
tion of the water near the coast is very important. Fresh water from
the rivers causes a lowering of the salinity, but this influence is
restricted to a rather narrow strip of perhaps 30 km along the coast,
probably because the Corioris force presses to the east the water
coming from the south. In this strip an intensive mixing takes place
as a result of the strong turbulence caused by the tides and the waves
in this shallow area. Therefore, even along the shore the salinity is
not very much reduced — the freshwater component can be seen
only in the regular decrease of the salinity from 35%o0 at 30 km
distance from the coast, to about 31-30°/00 near the shore. These
figures give a rough mean, of course, and rather large fluctuations
occur.

The shallowness of the southern North Sea causes some other
remarkable hydrographic phenomena. As the water is constantly
homogenised, even one or two cold days may exercise great influence
on the bottom fauna, especially on some Cephalopods, but also on
the other molluscs. In the winter the temperature at the bottom may
drop considerably in the course of two days. During a period of frost
the temperature can drop to values of about zero and even below
that if the winter is a severe one. This is of the utmost importance
for the mollusc fauna, which perishes almost completely at such
low temperatures. More to the north, at a depth of 35 m or more,
the high column of water causes the temperature fluctuations to
be much less, and, moreover, the mixing of the surface water and
the bottom water is less extensive, so the bottom temperature
never drops below zero, not even during the coldest period of an
ice-winter.

Another consequence of the shallowness of the area investigated
is the great turbidity, since the silt brought into the sea by the rivers
cannot settle. The SECCHI-disc which, near Plymouth, can still be
seen at a depth of 40 m, vanishes in the centre of the southern North
Sea at 10 m and, near the Dutch coast, at 5 m or less.

As we have stated already the mollusc fauna of the southern North
Sea is poor and this holds especially for the Gastropods. The reason
is not difficult to trace: most snails do not tolerate a substratum of
moving sand grains. They need either a firm substratum or a soft,
quiet one. Some species find these conditions in the deeper parts of
the northern North Sea and also in shallow water there if the area
is protected against wave or current action, but they cannot thrive
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in the southern North Sea. To this group belong Acmaea testudinalis,
Calliostoma conuloide, Gibbula tumida, G. cineraria, Turritella com-
munis, Clathrus clathrus, C. clathratulus, Aporrhais pes-pelecani,

gracilis, Lora turricula, Crepidula fornicata, and many Nudi-
branchs. It is for the same reason that Dentalium entalis and Leps-
dochiton cinereus cannot maintain themselves in and on the sand of
the southern North Sea. In fact, there are only three common Proso-
branch species here: Natica catena, N. poliana alderi, and Buccinum
undatum. Both Natica's live under the surface of the sand during
most of the day, and also Buccinum may dig itself into the sand; it
is even capable of moving forward with only its siphon above the
sand, as we have observed in our aquarium. If it does so in the
coastal area it will be protected against any non-voluntary transport.

The three Prosobranchs mentioned are carnivorous. This, certainly,
is one of the necessary conditions because browsing is not in any
degree possible in this environment, and there is plenty of food for
these animals because of the abundance of Bivalves of all sizes.

As we shall see below when discussing the Lamellibranchs, perhaps
the most dangerous period of life is immediately after metamorphosis
when they have to settle. Natica and Buccinum, however, do not
have pelagic larvae. Natica produces the well-known plastic-like
ribbons which are not harmed by lying under the sand for some
time, nor by transport along the bottom. The same holds for Bucci-
num: this species attaches its sponge-like egg-clusters to a firm
substratum if available — if there is none, they use the shell of a
neighbour, or an empty one, for attachment. It often happens that
the clusters are torn away from their attachment and are transported
by the tidal currents over long distances — even from the Channel
coast, as indicated by epibiontic organisms — without damage to the
development of the young inside their capsules. It always takes a
long time before the young ones inside have reached the stage of
leaving their capsules. After copulation of the adults in November
the first clusters may be laid in December-Januari. Production
of one cluster takes about two weeks — each night new capsules are
added. Then it takes another 2|-3 months before the young appear.
Due to the presence of nurse-eggs the young have by that time
reached a length of 3 mm, so they may possess some resistance against
the transporting power of the currents. During this stage there are
many predators, as one can deduce from stomach contents of many
species, especially starfish (Astropecten as well as Asterias) and flat-
fish. After having reached a length of about cm the young whelks
are only preyed upon by big fish such as cod, ray and dogfish (Scyl-
lium and Mustelus) , but these predators are rarely very numerous in
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this part of the North Sea. Crabs — hermit-crabs included — are not
capable of destroying a whelk, as we think we may conclude from
aquarium-observations.

Other Gastropods than the above mentioned are rare and are
mostly compulsory visitors belonging to the Channel fauna or to the
fauna of one of the estuaries and carried to the area by the tides.
Only Neptunea antiqgua and some Opisthobranchs may have a foot-
hold in the ‘“‘Stenen”, northwest of the island of Texel.

The Lamellibranch fauna is not so sparse as the Gastropod fauna.
The Lamellibranchs have, by their mode of life, a natural protection
against current transportation.

The population of Lamellibranchs off the Dutch coast does not
represent one of the “communities” as drawn up by PETERSEN (1918
and previous years) for the Danish waters. Later on, others found
that PETERSEN’s system was not very well suited for use in the waters
in the neighbourhood, and, therefore, some amendments were made
(BLEGVAD, 1922; HaGMEIER, 1925; STeEPHEN, 1933; JonEes, 1950).
Although the communities are not sharply bordered and only re-
present statistically different groupings, the Dutch coastal Bivalve
fauna cannot be registered under one of the “communities” as may
be seen from the following facts.

The bottom just outside the zone of surf contains many Macoma
balthica and Cardium edule (“M”co”"-community”). In the whole
coastal area Angulus tenuis and Donax vittatus too are very common
(“Tellina tenuis-community”) and also Venus striatula, Anguhis fa-
bula, Mactra corallina atlantica, Spisula subtruncata, S. solida and
Montacuta ferruginosa, and, a little further offshore, Ensis ensis,
E. siliqua, Phaxas pellucidus, Abra prismatica, and Alya truncata; most
of these belong to the “Féw/r-community”, but other species in the
same area are representatives of the (@Syndosmya-community”: Abra
alba and Mpysella bidentata fi. Seen from the “community”-point of

view the Dutch area is a transitional area, although a rather large
and homogeneous one I think. (Davis, 1923, 1925, has come to
about the same conclusion when considering the Dogger Bank fauna.)

The species of the Dutch coast have some characteristics in com-
mon: they all thrive on rather fine as well as on rather coarse sand,
they can stand rather heavy currents, they tolerate salinity fluctuations
between at least 30 and 35%o0, and they can stand the high summer
temperatures of 17° C and the low winter temperatures of 2° C
and even less.

In ice-winters, however, the whole coastal population succumbs.
Experiments with some of the most common species — Macoma
balthica, Cardium edule, Angulus tenuis and Angulus fabula — have
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shown that very low temperatures, down to the freezing point of sea
water, are not lethal for these species. But at such low temperatures
the animals become almost immobilized. They no longer dig them-
selves in and they close their shells only very slowly. This, of course,
is disastrous in a bottom of moving sand: the animals are washed
out of the bottom, and sand grains may enter their mantle cavity.
That this is actually happening can be seen during any period of
frost when the wind is easterly. In this situation an eastward water
current along the bottom transports a huge mass of dying Bivalves
to the shore, and the stronger the wind the greater the mass of
animals washed ashore.

Some species may be a little more sensitive to cold than others.
Most sensitive in this respect seems to be FEnsis siliqua. Along the
Dutch west coast this species never reaches an age of more than
3-4 years, with a length of 10-13 cm. The same species reaches a
length up to 20 cm in the deeper water north of the island of Ter-
schelling. It has been suggested that these larger Ensis should belong
to a subspecies different from the stunted ones of the west coast,
but one can deduce from the length of the winter rings that the rate
of growth is exactly the same in both — only the animals in deeper
water reach a much greater age — up to 10 years (KRISTENSEN,
1957). A similar difference — not in rate of growth but in age —
is found in Ensis ensis. They, too, are very sensitive to cold. Off the
west coast the dying bodies of both species may form the principal

food of flatfish after a period of frost, as we found in March and
April of 1947.

Although sand is found almost everywhere along the coast, for the
sake of completeness it should be stated that there are some other,
much smaller biotopes: first, the sand bottom with stones and pebbles
near the island of Texel, but as far as we know the Bivalve fauna there
is much like that of the pure sand bottom. Another biotope is formed
by the peat ridges off Petten at some 20 m depth. In this peat one
can find Petricola pholadiformis, Barnea candida and Zirfaea crispata.

What, now, may be the reason for the relative poorness of the
Bivalve-fauna? It might seem to be not too difficult to indicate the
environmental factors that are responsible for the absence of many
species in the southern North Sea, but the job is not as easily done
as one would think. For example: salinity may be of importance;
everywhere we observed how the number of species diminished with
a decline in salinity. Many species, apparently, do not tolerate sal-
inities below 35°00. But at the same time the stenothermic tendency
of the species concerned can also play a role, together perhaps with
their preference for a more stable substratum. In many cases the only
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thing one can find out with certainty is which factors can not have
been of importance. If we compare the fauna of the Baltic (incl. the
Belt Sea) and the northern North Sea with the fauna of the Dutch
coast we can enumerate several species which never or seldom occur
near Holland. For instance: Leda minuta, L. pernula, Musculus discors,
M. niger, Nucula tenuis, Macoma calcarea, a.o. Their presence in the
Baltic shows that they must be rather euryhaline and that they can
withstand salinities down to 30°/0o. They all have, however, a north-
ern, almost arctic distribution and it is not impossible that they can-
not tolerate the high summer temperatures in the southern North
Sea. But if we indicate that factor as decisive one wonders why they
do not occur along the Jutland coast where the water temperature
does not reach such high levels as it does near Holland. Perhaps the
species mentioned have an aversion to an unstable bottom. It seems,
therefore, reasonable to conclude that for the distribution of the
species cited salinity plays no role, and that bottom conditions are
more important. This conclusion cannot be absolutely certain with-
out doing experiments, as there still remains the possibility that the
animals can not stand a wide range of salinity together with high
temperatures.

There is another group of Bivalves which are common in the
middle and northern part of the North Sea, but which are rare in
the southern part and still more infrequent along the Dutch coast:

Cyprina islandica, Cardium echinatum, C. crassum, Dosinia exoleta
and Psammobia fervensis, and also the epibiont Pecten opercularis.
It is a remarkable fact that, in certain years, these species are much
more numerous in the southern North Sea than in other years when
they may be wholly absent (vide v. REGTEREN ALTENA, 1953, and
K RISTENSEN, 1956). There are some years with a relatively dense
settlement of spat compared with other years almost without spatfall.
We found that the whole population of one species can consist of
just one year class. One of the most notable years in this respect was
1947, a year of good spatfall too for many common Bivalves and
other species in the shallow parts of the whole North Sea and also in
the Baltic. The year of 1947 started with an exceptionally cold winter
when most of the sessile fauna died off. In the following spring the
spatfall was abundant so that in the summer only one year class was
present. After an ice-winter, as a rule, the spatfall of many species
is unusually abundant. After the cold winters of 1929 and 1939 the
summer showed a rich settlement of many species along the Dutch
coast, and in Danish waters the cold winters there of 1909, 1917,
1928, 1929, 1942 and 1947 were also followed by a summer rich in
spat. One of the reasons for this phenomenon is, I think, that the bot-
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tom has become a virgin one. That means more room for settlement
and, what is much more important, less predators before, during and
after settlement. In the southern North Sea the summer of 1947 was
the richest one we have observed ourselves. This was partly due to
the preceding cold winter, but in addition the summer was exception-
ally warm and the salinity along the coast was extremely high during
the time of the pelagic stage of the young. A second summer rich in
spat was 1952 and a third was 1957, both years with a hot summer.
On the other hand, the cold summers of 1948, 1949, 1954 and 1956,
all preceded by a mild winter, were bad years for spatfall. Although
SMIDT (1951) states that a-rich spatfall is not always followed by
good survival, we may certainly say that as a rule there is a distinct
correlation. We found every time that the richer the settlement the
richer the year class at the end of the summer.

As mentioned some rare species can establish themselves only in
those years which are also successful for the more common Bivalves.
In other years they hardly succeed in propagating, so they seem to
live here at the limits of their habitat. One would think that such
animals would not thrive here as well as in the centre of their area
of distribution. However, the animals do not seem to be stunted or
handicapped in any way. This becomes evident from their rate of
growth if compared with the rate of the same species from other
localities (vide graphs on p. 28-29). For a good picture of the yearly
rate of growth the different winter rings were measured. “Growth”
was taken as the difference between two rings measured from the
anterior to the posterior margin. If possible only living specimens
taken by trawl or dredge were used, but if these were not present
empty shells were taken (see graphs). As the first winter rings are
often more easily seen than the later ones the mean size of the first
rings is sometimes based on more measurings than that of the later
rings as indicated in the graphs by two numbers separated by an
arrow.

For Cardium crassum, Dosina exoleta and Psammobia fervensis
material has been collected from the Dutch area, from the Norwegian
west coast (Herdla near Bergen, 1939) and from the northwestern
coast of Wales (1958). These localities show great conformity, in
general, concerning the rate of growth of several common Bivalves
as may be seen from the curves of two species, Venus striatula and
Ensis siliqua, both also very common in the southern North Sea. The
differences in growth rate between the three localities are as small
in Venus and Ensis as they are in Cardium, Dosinia, and Psammobia.
From this it may follow that the growth of the rare species in the
Dutch area is not at all stunted as one would perhaps expect; it
seems to be even better,
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Another species which is extremely rare along the Dutch coast and
which is quite common a little more to the north is Cardium echina-
tum. The rate of growth of some specimens trawled off the west
coast shows almost no difference from that of specimens from the
northern North Sea — if there is any difference, then again the
growth is better in the southern North Sea.

The growth of Pecten opercularis, also a rare species in the southern
North Sea, has been compared with the growth data from the
northern North Sea given by UrsiN (1956) and from the Irish Sea as
measured by GiBsonN (Ursin, Le.). Here again the southern North Sea
seems to be an excellent area for growth. The same holds for Pecten
maximus, a species that is extraordinarily rare in the whole North
Sea. Since 1947 some specimens were caught here, all belonging to
the year class of 1947. Only a few specimens could be obtained for
measurement; their growth has been compared with data from
Ireland published by Gisson (1956) and M ason (1957).

The conclusions based on growth are supported by some determi-
nations of shell weight. The shells of specimens of the southern
North Sea show exactly the same weight as those from other locations.
And all species possess ripe gonads in May or June, even Pecten
maximus.

It is clear that the southern North Sea is a biotope far from
unfavourable to the species just mentioned, but for some reason there
is almost no spat, or the spat does not succeed in surviving. At all
events there must be some larvae present in the spring, partly because
of spawning of the local stock, partly because the larvae must be
brought into the southern North Sea by the currents from the

adjacent areas, especially from the south. That the local stock may
be of some importance in this respect may follow from the fact that
some spat and young animals are always found from the moment
that a new, abundant year class in the area has reached maturity.

All species in question live in the Channel area too, although they
are more common in the western part of the Channel than in the
Dover area. Some larvae, however, must reach the southern entrance
to the North Sea, carried by the north-going current, as the pelagic
stage of the Bivalves lasts for at least three weeks.

A second current runs into the southern North Sea from the north-
west. This current runs along the English coast from the north to
the vicinity of East Anglia and then turns eastward. Its influence
near the Dutch coast is not very great, but as it brings a lot of
herring larvae from the north-west to the Dutch coast it will also
bring some Bivalve larvae from that direction.

The only species of which we know with some certainty how the
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transport of the young takes place is Pecten opercularis. With some
regularity the fishermen of Den Helder bring in dense masses of
tangled Hydroids (Laomedea spec.) full of other organisms: Algae,
Crustacea, Tunicata and other species all originating from the Chan-
nel coasts. Between the threads of these Hydroids small Pecten oper-
cularis of about one cm are often found. I suppose these Pecten are
brought here as settled spat and not as larvae. It is possible that the
Hydroid masses floated, to begin with, because of the presence of
Fucoids and other bladder weeds, but as the algae degenerated and
the bladders collapsed the Hydroids sank to the bottom.

Part of these Pecten bearing Hydroids were cast ashore along the
Dutch west coast, others were found in the deeper parts of the sea, in
Texel Hole and even more to the north. Most conspicuous in this
respect were the years of 1947 and 1954, two years of high salinity,
ie. of a great influence of Channel water; 1947 was marked by its
warm summer, 1954 on the contrary by its cold summer, so the
temperature is not likely to be of influence here.

In the warm summers of 1952 and 1957 there was some Pecten
spat which cannot have been transported by bladder weeds because
this spat was found on autochthonic Tubularia and other
Hydroids; moreover, part of the spat had a length of only 0.5-1 mm,
so it had settled not long before.

The other species mentioned have their rich spat years only when
the summer is a warm one. I presume they enter the North Sea as
larvae during each spring. Only if the environmental circumstances
are excellent — and that was not the case in the cold Pecten year
of 1954 — they manage to settle. It is understandable that a high
temperature favours rich settlement because it shortens the pelagic
phase which is the most dangerous period of life. On the other hand
it seems peculiar that species which are more common in the northern
North Sea than in the southern North Sea should be favoured here
by higher temperatures than are ever found in the north. Perhaps it
is not the high temperature as such that is favourable, but other
accompanying circumstances. For instance, during a period of warm
weather the absence of strong western winds results in less bottom
disturbance in these shallow waters. It is certain that the spat is
extremely sensitive to bottom disturbance. For Cardium edule it has
been shown that this sensitive period lasts until the spat has reached
a length of 2 mm; even this species of the tidal zone has great
difficulties in settling on a rather exposed bottom (BAGGERMAN,
1953; KrisTeNsen, 1957). In such places the cockle succeeds in
settling on a large scale only in years which are also favourable to
the settlement of “rare” species along the coast. In places where settle-
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ment is difficult, growth is usually excellent; this seems to apply to
the cockle as well as to the “rare” species. The optimum conditions
for settlement do not seem to be identical with the optimum con-
ditions for growth. I think this may be generalized in the following way:
In an environment such as the Southern North Sea
no species will meet optimum conditions in all
respects. This does not only hold for species that live here on
the verge of their range of distribution, but also for those species of
which the southern North Sea is just the centre of their habitat.
Euryokous sessile species will always have to accept some com-
promise — and this may even be taken as one of the characteristics
of euryoecy.

From the foregoing one may deduce that the paucity of species
in the southern North Sea is partly caused by the spat’s inability
to settle. As may be expected this is of special application to the
coastal zone, and it is quite understandable that the small zone of
surf, where sand movement is many times greater than elsewhere, is
completely uninhabitable even to larger individuals. It is true that
the bottom current may carry some molluscs from deeper water, and
these are able to maintain themselves during the summer months,
but the first autumn gales bring about the total disappearance of the
molluscs in this area.

Having discussed the Gastropod and the Lamellibranch fauna we
have to consider the Cephalopods of the Dutch coast.

If compared with the adjacent areas the southern North Sea is
also poor in Cephalopods. For this fact, however, the moving sub-
stratum can hardly be responsible because most Cephalopods are not
bound to the substratum as are the other molluscs. Even a bottom
linked species such as Sepiola atlantica does not show a particular
preference for a special type of bottom. It is only Octopus vulgaris
that shows a marked preference for stones and shells because of its
urge to make a shelter.

No species of Cephalopod is present along the Dutch coast for the
whole of the year. Most species show a long-distance migration
twice a year. They appear in the southern North Sea in spring and
they disappear again in the autumn. Only Sepiola atlantica and
Eledone cirrosa do not leave the southern North Sea.

In April Sepiola atlantica moves from deeper water to the shallow
water of 15—2 m depth. At the same time a similar migration is
shown by some Crustacea and by several fish species such as some
Syngnathids and the small flatfishes. In a cold spring the Sepiola
migration is delayed, so it is certain that it is the high temperature
of the coastal water they like. When they arrive in April two
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size groups can be distinguished: the adult ones full of eggs and
spermathophores, and the smaller ones that are not yet quite ripe.
The adults spawn immediately or in May, the smaller ones do not
become mature before May-June and spawn in the summer. After
spawning no adult animals are to be found. We do not know whether
they leave the coastal area at that time or whether they die. It is
likely that the species reaches an age of only one year.

The small, yellow clusters of Sepiola eggs are attached to Hydroids
(Tubularia e.g.) and other small objects. The young grow very fast
and have partly reached maturity when they disappear from the
coastal area in September-October. From the contents of fish stomachs
we know that the animals stay at some tens of kilometres from the
coast during the whole winter. The migration to deeper water can
hardly be caused by lack of food near the coast as there are still lots of
small crustaceans (small shrimps, Gastrosaccus, etc.) that have not yet
left the shallow water at that time. The temperature therefore seems
to be the principal factor that governs both the arrival at, and depar-
ture from, this region.

The second Cephalopod species that may stay in the southern North
Sea in the winter is Eledone cirrosa. This species is common in the
Mediterranean, along the Atlantic coast of Europe, in the Channel
and in the northern North Sea, but is rare in the southern part of
the North Sea. In the northern part it keeps mainly to the deeper
water outside the 40 m isobath, the area where no total water mixing
takes place and where neither the temperature nor the salinity show
large fluctuations. In the aquarium of the Zoological Station, Eledone
never thrives and mostly dies after a week or so. Their death is often
preceded by serious lesions of their skin originating from unknown
causes. But even if the animals remain free from lesions they die
within a few weeks. Perhaps it is the low salinity of 33-28°/00 they
cannot withstand. That would mean that their presence in the southern
North Sea might be limited by the salinity.

The same may hold for other species which are found along the
coasts of the northern North Sea but not in the Dutch area: Rossia
macrosoma, Allorossia glaucopis, Sepiola pfefferi and Sepietta oweni-
ana. A second reason for their absence along the Dutch coast may
be the constant transport of sand along the bottom from which no
shelter is to be found.

Most Cephalopod species leave the southern North Sea during the
winter. In general, migrants form the south — both fishes and Cephalo-
pods —eappear off the Dutch coast again in April or May (VErRwWEY,
1949). Loligo vulgaris is caught in the neighbourhood of Zeeland in
the middle of April; more to the north, near Den Helder, they appear
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about one week later. Sepia officinalis comes two weeks later than
Loligo vulgaris. The distance from Zeeland to Den Helder is about
175 km, so Loligo and Sepia have to move northward with a speed
of 15 to 25 km per day. That proves that their “migration” cannot
be a passive transportation by the current; it seems to be based on
active swimming to the northeast. Loligo vulgaris and Sepia keep to
the shallow, warm water of a zone of about 15 km along the coast.
It is remarkable that the date of the arrival of L. vulgaris is hardly
affected by the local water temperature while the arrival of Sepia
can be earlier or it can be delayed by temperatures higher or lower
than normal. The northern limit of their migration is at about 54°
N, although there are always some individuals that move farther
to the northeast, especially in a warm summer. After their arrival in
the North Sea spawning starts and then they do not seem to migrate
farther to the north. If the spring is a rather cold one, as in 1956,
the adult Sepia reach Zeeland in rather large numbers, but as the
temperature farther to the north was below normal the adult Sepia
started spawning near Zeeland and did not appear at all at Den
Helder in that summer. The young ones always arrive some weeks
later than the adults, but in 1956 they arrived only a little later, and
in smaller numbers than usual. Loligo vulgaris on the other hand is
much less affected by the temperature (TINBERGEN & VERWEY, 1945).

Sepia attaches its eggs to a twig or other corpus alienum, L. vul-
garis forms big clusters of eggs almost without any attachment. Sepia
spawns but once a year; as the spent animals always seem to be in a
’bad condition we think many of them succumb within a few days
or weeks. L. vulgaris spawns several times with intervals of a few
weeks, and even then they do not seem to be in a bad physical con-
dition.

In July the adult Sepia and all L. vulgaris disappear from the
North Sea. Whether this is caused by mortality or by a southward
migration we do not know. Among the spawning Sepia we find
specimens of three year classes, and L. vulgaris spawns as well in its
first as in its second year. Therefore, it seems to be unreasonable to
presume that they die after spawning, but sufficient data are not yet
available.

The egg clusters remain on the sand bottom quite unprotected for
many weeks, but the gelatinous masses are not eaten by any animals
as far as we know. The young hatch in the summer months and form
a food much sought after by all fishes. Warm summers yield a rich
year class. Very successful years for Sepia were those of 1937, 1947,
1949, 1952 and 1955. Among these only the summer of 1949 was
not a warm one — it was even a cold summer — but in that year
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the extremely abundant year class of 1947 reached maturity and
produced an enormous quantity of eggs.

One year old Sepia show much the same migration pattern as the
adults, but they arrive a little later and they are present during the
whole summer. Like the adults after spawning time they dig them-
selves a little into the sand by blowing away the sand grains and by
fluttering with their fins like flatfish. Only occasionally do they leave
their holes and often they return afterwards to the same spot, as we
have seen in our Aquarium. In the event of danger they do not leave
their holes until the very last moment. When the winter sets in and
the temperature drops to 7° C and below, the Sepia are pale coloured,
become sluggish, do not keep to their holes any longer and cannot
offer resistance to the currents. They then fall a victim to dogfish
and other predators and to the fishing trawl.

A third species coming from the south is Octopus vulgaris. This
species enters the North Sea only in years in which they are very
abundant in the Channel area, as was the case in 1939, 1950, 1951 and
from 1955 to 1957. The total number caught in the North Sea is very,
small and along the Dutch coast it probably does not exceed 10 to 20 a
year. One would expect that most specimens would be caught in the
summer, but, on the contrary, they are mostly captured in November
and even December. Nevertheless, I am inclined to suppose that they
might have entered the North Sea during the warm season. That they
are not caught by trawl then is quite understandable to anyone who
has some experience with these supple and strong animals; they are
not easy to remove from their shelter and even if they are caught
they may creep out of any fishing gear. However, they do not
tolerate low temperatures. If the temperature falls below 7° C the
Octopus leaves its shelter, becomes pale and behaves itself quite
helplessly with its arms curled up, just like Sepia under the same
circumstances. They are therefore caught only after a period of cold
weather.

Two of the most common species, Alloteuthis subulata and Loligo
forbesi, enter the North Sea from two directions. Alloteuthis is almost
completely absent during the whole winter and then, in March, the
animals appear both in the south and in the northern entrance of the
North Sea. They swim in shoals of many thousands and are eagerly
preyed upon, as we know from the stomach contents, by almost all
fish which are not too small. Their egg clusters are found in the
whole North Sea from the deeper parts up to the coastal zone. In the
autumn the population diminishes, either by migration or by predation.

Loligo forbesi is a common species along the whole Atlantic coast
of Europe, and during the summer and autumn they are quite com-
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mon in the whole North Sea with the exception of the areas with low
salinities. In most years they avoid the Dutch coastal waters and only
in years or periods of high salinity they come a little nearer to the
coast. We do not know from what direction they enter the southern
North Sea. Some adults, together with Loligo vulgaris, arrive in April
or May, so they may come from the south. The juveniles do not
arrive before the end of June or in July. That seems to be rather
late for a species coming from the south, but their late arrival may
be the consequence of their aversion to water of a salinity lower than
33°/00 or so. The species migrating early in the year like, I suppose, the
high temperature reached at that time by the shallow coastal water, but
this water of rather low salinity does not attract L. forbesi. Farther
from the coast it is not before June or July that the temperature of
the water surpasses that of the Channel water and from that moment
the North Sea becomes attractive to this species.

In Scotland L. forbesi arrives one or two weeks earlier than in the
southern North Sea (R usstL1, 1922), and in the Skagerack they appear
at about the same time as in the south (0 17ErLIND, 1954). Near
Scotland the size of the young squids is smaller than the size of the
animals in the Skagerack and in the southern North Sea. As they
grow extremely fast, it is not impossible that the whole North Sea
population comes from the north, although it is difficult to believe
that they should manage to travel a distance of some 600 km in
about two weeks.

After the arrival of the squids in the southern North Sea the
ventral mantle length of the males increases from 10 cm to 25-35 cm
in November when they reach maturity, and to 35-45 cm in Decem-
ber-January. The length of the females is less and hardly surpasses
30 cm. During the whole year two size groups can be distinguished;
in the males the difference between these groups is about 10 cm, in
the females almost 8 cm. Because of their rapid growth the groups
cannot belong to different year classes but, as in Sepiola, there may
exist two main spawning periods, or there may be two separate
spawning areas, perhaps one in the Channel and one in the north.
Although in December the females are full of ripe eggs and even
show traces of spermatophores on their lips we have never found
any egg clusters in the area, not in December nor in any other season.
Just after having reached full maturity, in mid winter, they disappear.
Some of them may fall victims to low temperatures or to predators
such as Acanthias, others perhaps may be able to escape to the south
as stated by JAECKEL (1958).

All other Cephalopod species are rare in the Dutch area. Now and
then Illex illecebrosus, Todaropsis eblanae and Ommatostrephes sagit-
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tatus are caught (compare VirvWw iy, 1953-1958). Ommatostrephes,
just as other oceanic species, is often found stranded on the Dutch
beaches.

THE WADDEN SEA AREA

The Dutch estuaries of Scheldt, Meuse, Rhine and IJssel are not
rich in mollusc species which is to be expected after the discussion
of the coastal fauna. The Oosterschelde is rather an exception as it
does not receive much fresh water, so it has a constant salinity of about
29 ©°/oo, and the wave and current influence on the bottom of this
area is comparatively small. That makes it a suitable place for the
culture of mussels and oysters (K orrivc¢4s, 1940, 1941), and other
molluscs too can thrive there.

The Dutch Wadden Sea gets fresh water from the Ijsselmeer in
its western part and from the river Ems in the east. The daily amount
of fresh water brought into the Wadden Sea varies rather a lot. This
is due partly to natural causes and partly to human interference. The
salinity mostly fluctuates between 25 and 34%o0. Near the sluices of
the Dike of the Ijsselmeer it can be less, and on the tidal flats the
salinity can for a short time be extremely low due to heavy rainfall.
During the winter the salinity on the flats can be raised by freezing
of the sea water. The average salinity of the whole area may be some
29°00 — that means that the water is not yet brackish, but less saline
than the North Sea (PosTM A, 1954).

Locally, the tidal currents are very strong, up to 8 km per hour
at the surface.

The Wadden Sea has an average depth of about 3 m only. This
makes the temperature fluctuations large. This applies to the differ-
ences between summer and winter as well as to the diurnal fluctua-
tions. The summer temperature may rise to 20° C and, on a flat
during a sunny day, even to 30° C. In severe winters values of below
zero may be reached and the flats may be frozen to a depth of half
a metre. The differences between day and night temperatures do not
exceed two or three degrees in the gullies, but may reach 10° C or
more on the tidal flats.

The bottom structure is very heterogeneous. Very coarse sand and
the finest mud can be found at a distance of 100 m or less. The
grain size on the tidal flats is determined by the degree of exposure
to wind and current action (PosTM 4, 1957). The most exposed flats
have a median grain size of 100 to 130 micron, the more sheltered
ones being built up of muddy sand. The gullies and the larger chan-
nels often have a bottom of coarse sand, but the slopes at low water
level may consist of mud. Some of the large old channels, which have
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not had any function since the enclosure of the Zuiderzee, fill up,
little by little, with the finest mud.

Before the enclosure of the Zuiderzee vast fields of Zostera marina
were present in this area. This vegetation yielded a rich substratum
to millions of small Gastropods, mainly Littorina littorea, Lacuna
vincta, Rissoa membranacea, and to many Nudibranchs. After the
catastrophic eel-grass disease in the years after 1930 the Zostera
fields never recovered. We think that the higher salinity of the Wad-
den Sea after the enclosure may also have influenced this process,
because the eel-grass disease is most violent where the salinity is high.
At present Zostera marina is only found in the brackish inlets of
some of the Wadden islands. On sheltered flats the subspecies Zostera
marina stenophylla and the small Zostera nana are still present, but
this has not prevented Lacuna and Rissoa from disappearing com-
pletely.

Hydrobia ulvae is very abundant on the muddy flats and even on
the muddy bottom of the old channels out of function. On the flats
they form an important food for wading birds (Sand pipers a.o.), and
in the channels they are preyed upon by Asterias, Buccinum, and small
plaice. This happens in such an intensive way that in some places the
population has almost disappeared at the end of each winter — this
in contrast to the areas where the eel-grass still exists and where Hydro-
bia evidently finds a shelter against its predators.

In the muddy sand of the tidal flats Retusa obtusa is not uncom-
mon. It preys upon Hydrobia.

Where mussel banks are present Crepidula fornicata finds a suit-
able substratum. It also settles on the houses of hermit crabs. Mussel
banks also give a foothold to Hydrobia ulvae, Littorina littorea, some
Nudibranchs and to Lepidochiton cinereus. Buccinum undatum is
present in the whole area, on sand as well as on mud bottoms, but
only below low water level. Hydrobia stagnalis is only present where
the water is brackish, but if these snails are transported to more
saline localities they can live there for some time, although they do
not propagate. Why Nassarius reticulatus is never found in the Wad-
den Sea is not clear to us. This snail is found on the muddy bottom
of the sea water filled channels of the islands of Zeeland, and empty
shells are found along the whole coast. One would think that the
muddy bottom of some Wadden Sea channels would furnish a suit-
able substratum.

The Wadden Sea is very rich in Bivalves, though not many species
are represented. Mytilus edulis forms extensive beds on the flats and
in the gullies. The larvae seek for a substratum providing the follow-
ing features: it should not be more than 6 metres under the water
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surface and it must give the spat the opportunity of settling and
fastening by means of their byssus threads in such a way that they
cannot be dragged away by the current. For the young spat hydroids
and red algae (Ceramium) form a good substratum (Db BLok &
Gereren, 1959). As the spat grows the original substratum may be-
come too tiny and fragile, so their attachment is dissolved and again
they are swept to and fro by the tidal currents until they reach a
more solid substratum where they can fasten themselves in a way
that offers better resistance to the currents. The same process may be
repeated more than once until they reach the most ideal substratum,
the mussel bank. In this way the mussel banks grow in height. The
underlying mussels are suffocated by the faeces and pseudofaeces
given off by the newcomers. At last the stability of the bank dimin-
ishes and a gale may tear away parts of the bank or even the whole
bank, and the living mussels have to try again to get a foothold.
New mussel banks can be formed by spat settling on the shells of an
old cockle population or on the tubes of a dense Lanice population
(vide Verwiy, 1952, 1954).

In the Wadden Sea mussels are seldom found deeper than 6 metres.
The same fact can be observed in the North Sea where they only
live on buoys and their chains. On the chains they rarely occur below
6-8 m under the water surface. But in the very transparent water of
the Norwegian fjords I have found Mytilus in twice or thrice that
depth. This makes it probable that not the depth itself is the limiting
factor, but the light intensity. From indoor observations we know
that mussels grow very well even in complete darkness, but during
settlement I think they have a preference for light.

On the tidal flats the mussels show a stunted growth and they do
not fatten there. As the time of submersion is shorter the mussels
do not succeed in getting enough food. In the gullies their growth is
much better and the clearer the water the fatter they are; that is
because a large amount of silt in the water prohibits feeding activity.
During a severe winter the mussels below the low water line do not
suffer very much, but the mussels on the tidal flats succumb com-
pletely.

After the disastrous attack of the parasitic copepod Mytilicola
intestinalis on the mussels cultivated in the Oosterschelde estuary,
some 10 years ago, a large scale start with the cultivation of mussels
in the Wadden Sea has been made, and with great success.

Another epibiont is Ostrea edulis — in former times autochthonic
in the Wadden Sea but since many years completely fished out. In
the Oosterschelde estuary they are cultivated in large numbers for
human consumption.
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Among the digging bivalves Cardium edule is the most numerous
species, although its occurrence is almost limited to the tidal flats.
The more they are exposed to wave action the better is their growth,
but in such areas they have difficulty in settling; when less than 2
mm they are washed away. Successful settlement occurs more easily
in sheltered areas, but there their growth is much less. Even when a
high density is reached the growth of the animals is seldom affected
by competition, unless they lie packed together. The stunted growth
in these areas is probably caused by the amount of silt that settles
during the time of slack water. Then the cockles do not take in
enough food for a rapid growth (K visteysty, 1957). In the Wadden
Sea the cockles do not thrive below the low water line, though
they show excellent growth in the North Sea at some 15 m depth.
I think the great turbidity of the Wadden Sea water may be the
principal cause of their absence below the tidal zone. It cannot be
the lack of light, for cockles can grow excellently in almost complete
darkness (0RTOYN, 1926). It must be the silt layer on the bottom that
is noxious to the cockles, and where no settlement of silt takes place
the currents are too strong.

Other Bivalves common on the flats are Macoma balthica and Mya
arenaria. Much less common are Abra tenuis and Scrobicularia plana.
In the gullies only Macoma balthica is always found. Sometimes
Venerupis pullastra, Angulus tenuis and Mpysella bidentata are also
present.

Here and there peat covers the bottom of the channels and there
Petricola pholadiformis, Barnea candida and Zirfaea crispata are
found. Barnea and Zirfaea can also be present where a sticky clay
bottom is found.

It is a well known fact that during an ice-winter the whole popul-
ation of Bivalves on the flats may succumb. Some species, such as
Cardium edule, vanish completely from the Wadden Sea and also
from the coastal region of the North Sea. Nevertheless the repopul-
ation of such species is not a question of years, but is completed
already during the following summer. Apparently, even a decimated
stock produces enough larvae. I think this may hold for all species
in the area investigated: the density of the population is never of any
importance in this respect. The only exceptions are the “rare” species:
they show they have more chance of successful settlement when the
stock is larger than usual. In the Wadden Sea only Scrobicularia plana
shows difficulty in its repopulation after an ice-winter. I think the
reason may be that this species is strictly bound to the tidal zone and
has a rather small egg production. When, after a cold winter, the
Wadden Sea bottom is virgin other species also produce some spatfall
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here, for instance Ensis ensis, Ensis siliqua, Phaxas pellucidus and
Angulus fabula. But after having reached a length of about 1 cm
they vanish again.

Cephalopods are not seen much in the Wadden Sea. Only Sepiola
atlantica can be numerous and they can even propagate here. A4/lo-
teuthis subulata, Loligo vulgaris and Sepia officinalis enter the W ad-
den Sea in small numbers only, the greater part of them being males,
whilst the females keep themselves outside the influence of the
Wadden Sea water. Only in years of high salinity, as was the case in
1954, the females too may enter the Wadden Sea in fairly large
numbers and in such years even spawning takes place.

THE DIKES AND OTHER ARTIFICIAL WORKS

Natural rocks are not found along the Dutch coast. The mainland
is protected by dunes. Where they form an insufficient protection or
are lacking, dikes have been built. Beaches and harbours are often
protected by piers.

In rocky areas artificial works possess almost the same fauna as
the surrounding rocks, so one would expect the Dutch dikes and piers
to show a fauna comparable to the rock fauna of the Channel coasts.
Indeed, if one sums up all the species ever found on the Dutch dikes
the list is almost the same as the list of the Boulogne coast in north-
ern France. But when collecting along the Dutch dikes one finds
only a small number of species because there are only a few that
really are resident there. And this number is still decreasing as the
stony dikes, one after another, are covered by a layer of bitumen.

On the dikes one can always find two or three Gastropod species:
Littorina saxatilis, L. littorea and, if Fucoids are present and the place
is a sheltered one, Littorina obtusata littoralis (vide B ark M 1 ¥, 1.955)
In some locations, mainly in the southern part of the area, Nucella
lapillus is often present. Patella vulgata, Littorina neritoides and
many others are rare and just temporary visitors. Nudibranchs are
often overlooked, but they are present in a variety of species and
even in large numbers now and then as can be seen from the
contribution to this volume by Sw ey yEN.

Dikes, of course, are not the most suitable place for Bivalves. The
epibiont Mytilus edulis can be present in fairly large numbers. On
exposed dikes their shells become thick and stunted, but the animals
within seem to be in excellent condition. It appears that the shell
growth is hampered by the mechanical force of the waves without
causing any harm to the “fish” inside. Only in the most exposed
localities is the increase of weight affected. Mussel spatfall can be
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very abundant on the dikes, but the winter storms restrict survival
to the more sheltered places.

Other more or less regular inhabitants of the dikes are Anomia
squamula, Modiolus modiolus juv., Ostrea edulis juv., Kellia suborbi-
cularis, Saxicava arctica and the spat of a lot of other species which,
however, vanish in their first year.

Where much wood is used Teredo navalis and T. megorata may be
present. Their destructive work has been notorious for many hundreds
of years. In the past harbour installations and ships fell victims to
them; nowadays it is the osier matting which is used as a protection
of the under water slope of the dikes which is devastated. Since
wooden constructions have largely been replaced by iron or concrete
ones the damage has become less, but still to be feared is the
devastation of matting along the dike bases.

Finally, we shall try to trace the reason why so few species inhabit
the artificial rock shore of the Dutch coast. Most conspicuous is the
dying off of so many settled animals during a cold winter. Patella
vulgata, for instance, may live on dikes for months and even for
years, but then, in a period of frost, they succumb. In Norway, how-
ever, Patella is found in places where the winters are no milder than
in Holland. There we see that Patella is present in places facing the
sea, and that they are less numerous or even absent further inside
the fjords where during the winter ice is formed and where the pack
ice drifts along the rocks at the end of the winter (D 0vs, 1933). The
rubbing ice removes many organisms of the tidal zone so that they
fall to the bottom. If the bottom is a rocky one and the tidal current
is not too strong, some of the animals — provided they are not
crushed — may remain there for the time being and crawl to the
surface again when the spring sets in. This is absolutely impossible
along the Dutch dikes: if any animal is torn away from a dike it is
taken by the current and is inevitably lost. This may be the explana-
tion also for the limited distribution of Nucella lapillus. As we have
seen on the pier of Hoek van Holland during a period of frost
(February, 1954), the animals were heaped together in a crevice at
the low water line; they were quite motionless and were partly dead.
I do not know whether they had been torn away by pack ice or had
only been immobilized by the low temperature and had been moved
by the surf. At the tip of the pier all the Nucella that had been
there during the summer had disappeared. Sheltered places are a vital
condition for survival in such winters. The same holds for some
non-molluscs such as Actinia equina, Metridium senile, Psammechinus
miliaris and others.

Among the few animals that are always present Littorina saxatilis
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maintains itself during the winter by its way of living in crevices
at or above the high water line. Littorina littorea is found above, in
and below the tidal zone and as it manages to crawl even on sand
at low temperatures some will always survive. Littorina obtusata
littoralis is found in a lower zone in the winter than in the rest of
the year. As J1yssty (1959) has found, this species changes from
being negatively geotactic to the reverse when the temperature drops
to values about zero. This change in their behaviour brings the
animals from the middle of the tidal zone to lower regions and even
to the sublittoral zone where they are much better protected.

Although the winters play an important role, they are not the only
factor that prohibits the settlement of a rich rock fauna on the Dutch
artificial substrata. A second factor is that the area is too restricted
and its situation is too isolated for the development of a rich and
stable population. Then there is a lack of sheltered places unaffected
by surf and current action. The absence of a rich flora of algae
providing food and shelter is one of the consequences of that lack
of shelter. Finally, of course, factors such as low salinities and high
silt content may also play an important role.

As we have seen the coastal region of the Netherlands is an
environment not well suited to the development of what is called a
“rich” mollusc fauna. Few species can stand the rather extreme con-
ditions found there, but these few are mostly represented by a large
number of individuals. This makes the area a magnificent field for
the study of ecological problems.

SUMMARY

The total number of mollusc species living in the Dutch coastal
waters is very small.

Many Gastropod species cannot live there because of the sandy
bottom and the strong currents. Only three species can withstand the
difficulties.

Some 20 Lamellibranchs are common in the area investigated.
Grouping them into any “community” of P etersen c.s. does not
seem to be possible here.

Many Lamellibranch species present in the northern North Sea
are absent in the southern part. The arctic species among them do
not tolerate the high summer temperatures in the shallow southern
part, other species do not tolerate salinities below 35°00 or cannot
settle on the unstable sand bottom. If, however, “rare” species
manage to settle, their growth during a series of years proves to be
excellent. Warm summers, especially when preceded by a cold win-
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ter, favour settlement; cold winters kill almost the whole population,
but this seems to be no hindrance to the production of a sufficient
amount of spat next spring.

Among Cephalopods only Sepiola atlantica is common during the
whole year. The other species are only present from spring to
autumn. The factors influencing the migration and spawning of
Sepia, two Loligo species and Alloteuthis are discussed. Octopus is
only caught during the winter when it succumbs to the cold.

In the Wadden Sea the number of species is extremely small.
Mpytilus and Cardium are numerous, but the optimum conditions for
growth are not identical with those for population density.

The dikes too have a poor molluscan population. They do not pro-
vide enough shelter from surf and current, especially during the
winter. This explains the partial absence of Patella and Nucella.
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Zee-mollusken uit het Nederlandse kustgebied
(Samenvatting)
door
INGVAR KRISTENSEN

De nederlandse kustwateren zijn arm aan mollusken-soorten. Daar
staat tegenover, dat er onder de soorten die hier voorkomen een
relatief groot aantal zeer rijk aan individuen is.

Het ,nederlandse” territorium strekt zich eigenlijk niet verder uit
dan 3 zeemijl buiten de kust. Reeds in 1927 echter heeft de Redactie
van de ,,Fauna van Nederland” een strook van ongeveer 25 km breedte
gekozen ais gebied waarbinnen de gevonden dieren ais ,nederlands”
geétiketteerd zouden mogen worden. In deze verhandeling wordt met
geen enkele grens rekening gehouden, al ligt het zwaartepunt wel
bij de fauna die binnen de grens van 25 km wordt aangetroffen.
Wij hébben niet getracht een volledig beeld van de molluskenfauna
in dit gebied te geven. Het voorkomen van lege schelpen, aangespoel-
de dieren en andere allochthone dieren hebben wij geheel buiten
beschouwing gelaten — wij hebben alleen gelet op dieren die levend
in hun eigen miljeu aangetroffen zijn.

De gegevens over de detail-verspreiding der soorten zijn ten dele
ontleend aan de mollusken-deeltjes van VaN BENTHEN JUTTING en
Exctl in de ,Fauna van Nederland” en berusten ten dele op ge-
publiceerde en ongepubliceerde waarnemingen van het Zodlogisch
Station te Den Helder en van het Dierfysiologisch Laboratorium der
Universiteit van Amsterdam.

Voor de nomenclatuur der Gastropoden en Lamellibranchién zijn
steeds dezelfde namen gebruikt ais welke men vindt in de ,,Fauna-
deeltjes”. Wat de Cephalopoden betreft is aansluiting gezocht bij de
monografie van Jitckel (1958) over de inktvissen van de Noord-
en Oostzee.

HET NOORDZEEGEBIED

Zoals men kan opmaken uit de bodemkaart op blz. 24-25 bestaat
de bodem van vrijwel de gehele Noordzee uit zand. In het zuiden is
de korrelgrootte gemiddeld iets groter dan in het noorden van dit
gebied. Plaatselijk vindt men moraine-stenen, zoals in de ,Texelse
Stenen”. Veenrichels vindt men vooral NW van I[Jmuiden.

Het bodemrelief is overal bijzonder vlak. Enkele zandrichels vindt
men evenwijdig aan de kust, zowel nabij de brandingszone ais daar-
buiten. De zeebodem helt slechts zeer geleidelijk en bereikt op 25 km
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afstand van de kust een diepte van nog geen 25 m, en op 75 km uit
de kust een diepte van ongeveer 35 m.

Zachte bodem is nergens aanwezig — de getijstromen zijn te sterk.
Deze stromen bereiken een snelheid van ongeveer 4 km per uur aan
de oppervlakte en ongeveer de helft van deze snelheid langs de bodem.
De vloed brengt het water 10-11 km noordwaarts langs onze kust
en de eb neemt het water over ongeveer 8 km mee terug (waarne-
mingen van de ,,Rijkswaterstaat” en van het ,,Deutsche Hydrographi-
sche Institut” te Hamburg). Ais gevolg van het verschil tussen vloed-
en ebstroom beweegt het water zich met een gemiddelde snelheid
van dz 7 km per dag in NNO-waartse richting. Dit water komt
grotendeels uit het Kanaal, want de invloed van het engelse Noord-
zee-kustwater op ons kustwater is zeer gering. Daarentegen is de
invloed van de Schelde, Maas en Rijn natuurlijk groot. Toch is ner-
gens langs de kust sprake van een uitgesproken brakwaterzone, omdat
door toedoen van de getijstromen en de golven in dit zo ondiepe
gebied een zeer intensieve menging plaats vindt. In een zone van
30 km langs de kust daalt het zoutgehalte van ongeveer 35%o0 in
open zee tot gemiddeld 30-31°/0oo vlak langs de kust.

Het ondiepe karakter van de zuidelijke Noordzee brengt mee dat
de turbulentie tot op de bodem zo aanzienlijk is, dat nergens een
gelaagdheid kan optreden. Daardoor kunnen snelle temperatuurs-
veranderingen in de atmosfeer reeds na één of twee dagen de tempe-
ratuur op de bodem merkbaar beinvloeden. Vooral ’s winters kan dit
heel belangrijk zijn voor diersoorten die geen lage temperaturen
kunnen verdragen. In de noordelijke Noordzee daalt de bodem-
temperatuur te zelfder tijd veel minder, ais gevolg van de veel grotere
waterkolom en het gebrek aan turbulentie.

Een tweede konsekwentie van de geringe diepte in de zuidelijke
Noordzee is de grote troebelheid van het water, omdat het door de
rivieren aangevoerde slib nergens kan. bezinken.

De zuidelijke Noordzee blijkt bijzonder arm aan Gastropoden te
zijn. De meeste slakken vragen immers of een stevig 6f een zacht,
rustig substraat. Dit treft men in de noordelijke Noordzee althans
plaatselijk wel aan, maar in de zuidelijke Noordzee nergens. Vele
soorten kunnen zich op een beweeglijke zandbodem niet handhaven,
zoals Acmaea testudinalis, Calliostoma conuloide, Gibbula tumida,
G. cineraria, Turritella communis, Clathrus' clathrus, C. clathratulus,
Aporrhais pes-pelecani, Colus gracilis, Lora turricula, Crepidula forni-
cata en vele Nudibranchién. Om diezelfde reden zullen ook Denta-
lium entalis en Lepidochiton cinereus de zuidelijke Noordzee niet
bewonen. Er zijn hier maar drie veel voorkomende Prosobranchién:
Natica catena, N. poliana alderi en Buccinum undatum. De beide
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Natica s leven zowat de gehele dag ingegraven in het zand, maar ook
de wulk kan zich lange tijd achtereen onder het zand voortbewegen,
waarbij alleen zijn sipho boven het zand uitsteekt. Zij zijn dan be-
schut tegen de transporterende werking van de stroom. Verder be-
zitten de genoemde drie soorten nog enkele eigenschappen die elk
onontbeerlijk zijn voor het leven van een slak in een dergelijk miljeu:
zij zijn carnivoor, zij leggen eiklompen die bestand zijn tegen een
langdurig transport over de zandbodem ¢én tegen een tijdelijk over-
dekt worden met een laagje zand, en ais jong verlaten zij deze eikap-
sels pas nadat zij een aanzienlijke grootte bereikt hebben (ten koste
van de ,nurse eggs”). Heel veel vijanden hebben zij niet. Hoewel de
jongen aanvankelijk in groten getale ten prooi vallen aan zeesterren
en platvis, zoals ons uit maagonderzoek gebleken is, zijn zij na het:
bereiken van een lengte van 1.5 cm tamelijk veilig tegen aanvallen.
Het zijn dan alleen maar grote vissen zoals kabeljauw, diverse
soorten roggen en haaien (Scyllium en Mustelus) die hen nog kunnen
overmeesteren. Heremietkrabben daarentegen vergrijpen zich niet
aan levende wulken, zoals wij menen te mogen concluderen uit onze
aquarium-waarnemingen.

Voorts worden soms Neptunea antiqua en enige Opisthobranchién
in de Texelse Stenen aangetroffen. Wat echter verder aan Gastro-
poden wordt aangetroffen betreft slechts gedwongen gasten die hier-
heen vervoerd zijn uit de estuarium-gebieden of uit het Kanaal.

Ais vertegenwoordigers van de Lamellibranchién treft men langs
onze kust de volgende soorten algemeen aan: Macoma balthica en
Cardium edule, die beide ais vertegenwoordigers beschouwd worden
van de zgn. Macoma-gemeenschap, verder Angulus tenuis en Donax
vittatus, beide behorend tot de zgn. Tellina -gemeenschap, en
dan vele soorten die vrijwel allemaal tot de zgn. Venus-gemeenschap
gerekend worden: Venus striatula, Angulus fabula, Mactra corallina
atlantica, Spisula subtruncata, S. solida en Montacuta ferruginosa, ter-
wijl men iets verder uit de kust bovendien aantreft Ensis ensis,
E. siliqua, Phaxas pellucidus, Abra prismatica en Mya truncata. Ten-
slotte komen nog twee vertegenwoordigers uit de zgn. Syndosmya-
gemeenschap voor: Abra alba en Mpysella bidentata. De indeling in
»gemeenschappen”, zoals deze in de deense wateren op statistisch
verantwoorde wijze kon worden ontworpen, blijkt voor het neder-
landse kustgebied geen realiteit te zijn. In ons gebied zijn het blijk-
baar andere factoren die domineren dan degene die in de deense
wateren de verspreiding der verschillende soorten bepalen. De soorten
die langs de nederlandse kust voorkomen moeten allen aan een paar
speciale voorwaarden voldoen die het miljeu hun hier stelt: ze
moeten sterke stroom kunnen verdragen, ze moeten zowel grof ais
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fijn zand kunnen appreciéren, zij hebben zoutgehalte-schommelingen
tussen 30 en 35°00 te kunnen verdragen, benevens de hoge en de lage
temperaturen die hier voorkomen. In strenge winters schijnt echter
de hele schelpenpopulatie langs de kust toch te gronde te gaan. Uit
experimenten blijkt, dat verschillende soorten (Macoma, Cardium en
Angulus) weliswaar een temperatuur van beneden 0° C verdragen,
maar dan geheel immobiel worden. Ais zij dan uitgespoeld raken
kunnen zij zich niet meer ingraven, en bovendien kunnen zij dan
zandkorrels, die in hun mantelholte terecht komen, niet meer weg-
werken. Bijzonder gevoelig in dit opzicht schijnt FEnsis siliqua
te zijn, want langs de hele west-kust sterft deze soort reeds na
een kortstondige periode van hevige koude. Het gevolg is dat men
daar alleen kleine exemplaren van 10-13 cm aantreft, die 3 4 4 jaar
oud zijn, terwijl de dieren die van het diepere water benoorden de
Waddeneilanden afkomstig zijn een lengte van 20 cm kunnen be-
reiken bij een leeftijd van ongeveer 10 jaar. De groeisnelheid in
beide gebieden is echter precies gelijk, althans in de eerste jaren
(KrisTeNsex, 1957).

Er zijn een aantal Bivalven, die talrijk in de noordelijke Noordzee
zijn alsook in het Kanaal, maar die in de zuidelijke Noordzee slechts
af en toe voorkomen, o.a. Cyprina islandica, Cardium echinatum,
C. crassum, Dosinia exoleta, Psammobia fervensis en Pecten opercu-
laris. Slechts in warme zomers schijnt het broed zich hier te kunnen
vestigen, vooral ais aan een warme zomer een strenge winter vooraf
gaat. Een hoge temperatuur in de voorzomer bekort het larvale leven
aanzienlijk, zodat de gevaarlijkste periode bekort wordt. Na een
koude winter is bovendien de bodem vrijwel maagdelijk, zodat er
veel ruimte voor vestiging van het broed is, terwijl bovendien het
aantal belagers voor, tijdens en na de broedval veel kleiner dan in
andere jaren is. Een bijzonder gunstig broedjaar is 1947 geweest,
toen op een zeldzaam strenge winter een buitengewoon warme zomer
volgde. Toen heeft zelfs de zuidelijke soort Pecten maximus zich,
zij het in slechts klein aantal, in de Noordzee kunnen vestigen.

Men zou verwachten, dat dieren die zo duidelijk op de grens van
hun areaal leven zich daar ook minder goed zouden ontwikkelen,
maar het tegendeel blijkt waar te zijn. Wanneer men de groei van
een in de zuidelijke Noordzee zeldzame soort vergelijkt met de groei

in andere gebieden, waar zulke soorten heel regelmatig aanwezig zijn,
blijkt de groei in de zuidelijke Noordzee zelfs heel goed te zijn (zie
grafieken op p. 28-29); de groei van de hier zeldzame soorten is
volkomen vergelijkbaar met die van soorten, die in de zuidelijke
Noordzee erg algemeen zijn, zoals Ensis siliqua en Venus striatula.
De zeldzame soorten blijken in de zuidelijke Noordzee in hun
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schelpgewicht al evenmin afwijkingen te vertonen, en ook bereiken
zij er volledige geslachtsrijpheid. Blijkbaar zijn de omstandigheden
in de zuidelijke Noordzee enerzijds zeer ongunstig voor een rijke
broedval, anderzijds juist gunstig voor de groei van het eenmaal ge-
vestigde dier. Dergelijke ,tegenstrijdige” miljeu-condities treft men
v/el meer aan. Men mag het zelfs één van de kenmerkende eigen-
schappen van een niet-stenoeke, sessiele soort noemen, dat nergens in
zijn areaal op €én plaats alle miljeufaktoren tegelijk optimaal zijn.

Onder de Cephalopoden komt alleen Sepiola atlantica het gehele
jaar door regelmatig voor. s Winters trekt de soort naar dieper water
tot op 10-20 km afstand van de kust, en in maart-april zoeken zij,
evenals vele vissen, het ondiepe, snel warmer wordende kustwater
weer op. In het voorjaar bestaat de populatie uit twee groepen van
verschillende grootte. De grote, volwassen dieren paaien in april-mei,
de kleinere dieren worden pas ruim een maand later volwassen en
paaien in de zomer. De vroeg in het jaar geboren dieren zijn in
september-october van dat zelfde jaar reeds zowat volgroeid, de later
geboren dieren zijn dan nog pas half-was. Sepiola is blijkbaar één-
jarig.

Eledone cirrosa wordt het gehele jaar door af en toe gevangen.
Vermoedelijk is de soort slecht bestand tegen zoutgehaltes beneden
35°/00, evenals andere inktvis-soorten die in de noordelijke Noordzee
algemeen voorkomen, zoals Rossia macrosoma, Allorossia glaucopis,
Sepiola pfefferi en Sepietta oweniana.

Sepia officinalis arriveert elk jaar uit het zuiden en verschijnt dan
+ 10 dagen eerder in Zeeland dan nabij Den Helder. Is het voorjaar
koud, dan blijven de Sepias in Zeeland hangen en zetten daar in
groter getal dan anders hun eieren af zonder verder noordwaarts te
komen. De eenjarige, nog niet geslachtsrijpe dieren, die iets later in
het voorjaar plegen te komen, trekken in zulke jaren wél noordwaarts.

Loligo vulgaris vertoont in het voorjaar de zelfde trek ais Sepia,

maar wordt in zijn trek niet beinvloed door de temperatuur.

Ook Octopus vulgans moet uit het zuiden komen, want deze soort
is in de noordelijke Noordzee vrijwel onbekend. Toch wordt Octopus
hier niet ’s zomers gevangen, maar alléén ’s winters. Vermoedelijk
zijn deze dieren hier ’s zomers wel aanwezig, maar laten zich dan niet
vangen, s Winters echter raken zij bij temperaturen onder 7° C in
slechte conditie, zodat zij dan de trawl niet langer ontvluchten kun-
nen.

Loligo forbesi kan de Noordzee zowel vanuit het Kanaal ais uit
het noordwesten bereiken. Elk jaar verschijnen zij pas eind juni of
in juli in de zuidelijke Noordzee. Deze late tijd van aankomst deed
ons aanvankelijk vermoeden dat de dieren uit het noorden zouden
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zijn gekomen. Maar in Schotland, op 600 km afstand, verschijnen zij
ook pas in juni, en het lijkt haast onmogelijk dat zij deze afstand in
een paar weken kunnen afleggen. Bovendien behoeft het ons eigen-
lijk niet te verbazen dat, als zij uit het zuiden komen, zij vele weken
later arriveren dan bijv. Loligo vulgaris, omdat Loligo forbesi een
duidelijke afkeer voor zoutgehalten beneden 35%o0 vertoont en daar-
om in april geen belangstelling zal hebben voor het warme nederlandse
kustwater. Het water van hoger zoutgehalte, verder uit de kust, be-
reikt daarentegen pas veel later in het seizoen een hogere waarde dan
in het Kanaal. Hoewel de jonge L. forbesii reeds in november-decem-
ber van het zelfde jaar volledige geslachtsrijpheid bereiken en de
wijfjes ook bevrucht blijken te zijn, zijn eieren van deze soort nog
nooit in de zuidelijke Noordzee aangetroffen.

Alloteuthis subulata trekt elk voorjaar in groot aantal vanuit zuid
én noord en Noordzee binnen en hun eieren worden overal de ge-
hele zomer aangetroffen. De gelatineuze eikapsels vormen een voor-
treffelijke bescherming — zoals trouwens bij alle inktvis-soorten het
geval is — want zoals wij in ons aquarium gezien hebben is er
geen enkele vis of krab die zich aan zulke ei-klompen waagt.

DE WADDENZEE

De miljeu-faktoren in de Waddenzee kunnen stuk voor stuk veel
extremere waarden dan in de Noordzee bereiken. Het zoutgehalte
kan er tot 26°/0oo dalen en op de platen kan deze waarde na een
regenbui nog veel lager komen te liggen, s Winters daarentegen kan
door uitvriezing op het wad plaatselijk pekel gevormd worden tot
zelfs 50°/oo.

De getijstromen zijn vooral in de geulen zeer sterk, tot 8 km per
uur aan de oppervlakte. Ook over de platen kan bij het opkomen
van de vloed althans gedurende korte tijd een zeer sterke stroom
lopen.

In de geulen kan de temperatuur ’s zomers tot 20° oplopen, en
in de plasjes op de platen zelfs tot bijna 30° C. ’s Winters daalt de
temperatuur soms wel tot beneden 0° terwijl het droogvallend wad
tot een halve meter diep bevroren kan zijn.

De bodem varieert zeer sterk van plaats tot plaats. Op de geéxpo-
neerde platen is de mediane korrelgrootte van het zand 100-130
micron, in de luwte echter de helft hiervan of nog veel minder. De
geulen vertonen meestal een vrij grof-korrelige bodem, die hogerop,
bij de laagwaterlijn, overgaat in slikkig fijn zand. Op de bodem van
de Vlieter en andere oude Zuiderzeegeulen zet zich nu fijn slib af.

De zeegrasvelden van Zostera marina verdwenen na 1930 ten
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gevolge van een ziekte. Dat in de Waddenzee, in tegenstelling tot
andere westeuropese plaatsen, het zeegras zich zelfs niet ten dele
herstelde, is vermoedelijk te wijten aan de bouw van de Afsluitdijk,
waardoor het Waddenwater een voor zeegras iets te hoog zoutgehalte
heeft gekregen. Een hoog zoutgehalte schijnt het optreden van de
zeegras-ziekte te begunstigen. Mét het zeegras zijn de slakjes Lacuna
vincta en Rissoa membranacea kompleet verdwenen. De in het zee-
gras ook zo algemene Hydrobia ulvae heeft zich staande kunnen
houden op de vele slikken, ondanks het feit dat de soort elk winter-
halfjaar, mede door toedoen van de doortrekkende waadvogels
(strandlopers!), gedecimeerd wordt.

In het modderige zand van de platen is Retusa obtusa niet onge-
woon. Het dier leeft er van Hydrobias.

Op de mosselbanken vindt men Crepidula fornicata, Hydrobia
ulvae, Littorina littorea, enkele Nudibranchién en Lepidochiton cine-
reus. Hydrobia stagnalis vindt men alleen in de buurt van brak water,
en deze soort kan zich nergens in de Waddenzee handhaven. Bucci-
num undatum zit door de gehele Waddenzee, vooral daar waar ste-
nen liggen, zoals op de Texelstroom, maar ook wel op zacht slik
zoals in de Vlieter. Het is ons niet duidelijk waarom Nassarius reti-
culatus in dergelijke modder-geulen niet voorkomt; deze soort is
levend alleen gevonden in de zoute kanalen door Walcheren en
Zuid-Beveland en komt daar zelfs in groot aantal voor.

Onder de Bivalven neemt Mytilus edulis de belangrijkste plaats in.

Uitgestrekte mosselbanken vindt men zowel onder ais boven de
laagwaterlijn. Het jonge broed vestigt zich slechts zelden op een oude
bank. Het verkiest ais substraat hydroieden, fijn vertakte algen, enz.
Naarmate het broed groeit verdwijnt het weer van dit fragiele sub-
straat en wordt door de getijstromen heen en weer gesleurd tot het
een steviger substraat ontmoet. Pas nadat zij de grootte van een paar
cm bereikt hebben, schijnt een reeds bestaande mosselbank het meest

aanvaardbare substraat te vormen. Maar er kunnen zich ook nieuwe
mosselbanken formeren wanneer het broed zich plaatselijk in grote
hoeveelheden kan vestigen op bijv. schelpen van een oude kokkel-
bank of op de boven de bodem uitstekende buizen van de zandkoker-
worm Lanice. De groei blijkt op droogvallende banken minder goed
te zijn dan beneden de laagwaterlijn. Bovendien sterven de mossels
daar op de platen bij een strenge winter kompleet af (V trv £y, 1954).

Hoewel Ostrea edulis 50 jaar geleden nog algemeen in de Wad-
denzee voorkwam, is de oester door overbevissing geheel verdwenen.

Onder de ingegraven Bivalven is Cardium edule de talrijkste soort.
De kokkel bereikt zijn grootste dichtheid op plaatsen die enigszins
in de luwte liggen, maar de groei is hier minder goed dan op meer
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geéxponeerde plaatsen waar de kokkel zelden een grote popu-
latie-dichtheid bereikt. Merkwaardigerwijze is dit verschil in groei-
snelheid niet, zoals men verwachten zou, het gevolg van konkurrentie,
want in de luwte blijkt de groei ook in die jaren, dat er heel weinig
dieren zijn, slecht te zijn. Vermoedelijk is het de grote hoeveelheid
slib, die tijdens de perioden van stil water op de beschut gelegen
plaatsen bezinkt en die de kokkel sterk in zijn voedselopname hindert.
In de Waddenzee wordt de kokkel nergens in dieper water aange-
troffen; zij worden hier niet alleen door slib of sterke stroom be-
laagd, maar bovendien door vele roofdieren ais zeesterren en plat-
vissen.

Verder treft men op het wad Macoma balthica en Mya arenaria
aan. Veel zeldzamer zijn Abra tenuis en Scrobicularia plana. In de
geulen vindt men overal ook weer Macoma balthica, en dan hier en
daar Venerupis pullastra, Angulus tenuis en Mysella bidentata. W aar
veen zit komen Petricola pholadiformis, Barnea candida en Zirfaea
crispata Voor.

Na een strenge winter is de Waddenzee vrijwel ontvolkt, vooral
wat de platen betreft. Aangezien zich na zulke winters veel meer
broed vestigt dan normaal het geval is, is de herbevolking reeds
binnen enkele maanden voltooid. Alleen Scrobicularia plana, die een
zeer beperkt areaal heeft en bovendien een geringe eiproductie heeft,
blijkt zich minder gauw te herstellen.

Voor Cephalopoden is de Waddenzee te brak. Alleen Sepiola atlan-
tica is er vrij talrijk en plant er zich ook voort: Alloteuthis subulata,
Loligo vulgaris en Sepia officinalis trekken de zeegaten slechts in
klein aantal binnen. Het zijn overwegend mannetjes die binnentrek-
ken. Alleen in jaren van hoog zoutgehalte, zoals in 1954, trekken
ook de wijfjes naar binnen en zetten er dan hun ecieren af

DE DIJKEN EN ANDERE KUNSTWERKEN

Hoewel de komplete fauna-lijst van onze dijken niet veel korter
is dan die van de franse kunst bij Boulogne bijv., zijn er maar heel
weinig soorten die bij ons regelmatig te vinden zijn. Met het asfal-
teren der dijken neemt dit aantal in de laatste jaren bovendien nog
af.

Onze relatief koude winters vormen een belangrijke hinderpaal
voor veel dieren uit de getijzone. Het duidelijkste zien wij dit in
een strenge winter, ais zich pakijs langs de kust verzamelt, dat de
dijken in enkele dagen geheel schoon schuurt. Voor de dieren die
daarbij niet vermorzeld worden, maar alleen worden weggerukt, zijn
de levenskansen nog maar uiterst klein omdat zij dan op de zand-



Kristensen: Zee-mollusken 55

bodem van de Noordzee terecht komen, waar zij zich niet uit de
voeten kunnen maken. Degenen, die zich wel steeds op de dijken
kunnen handhaven, zijn Litforina saxatilis, die zich vooral in spleten
bij de hoogwaterlijn ophoudt, en Littorina littorea, die de winter
boven, in en onder de getijzone doorbrengt. Littorina obtusata litto-
ralis, die een gespecialiseerde fucus-eter is, verliest zijn neiging om
naar boven te kruipen wanneer de temperatuur tot 0° daalt; de
dieren kruipen bij koude dus naar omlaag en worden ’s winters dan
ook vooral onderin en zelfs beneden de getijzone gevonden waar ze
dan relatief veilig zitten.

Nucella lapillus vindt men haast alleen bezuiden Hoek van Hol-
land. Zoals wij tijdens een vorstperiode in 1954 op de pier van Hoek
van Holland gezien hebben, lagen de purperslakken daar toen bewe-
gingloos bij elkaar in spleten nabij de laagwaterlijn. Op de punt van
de pier waren alle purpers zelfs verdwenen. Het is te begrijpen dat
deze soort zich bijv. op de Hondsbosse Zeewering, waar nog veel
minder luwte tegen golven en stroom te vinden is, ’s winters niet
kan handhaven. Ditzelfde geldt voor Patella vulgata en vele dnderen,
en ook voor niet-mollusken zoals Actinia equina en Psammechinus
miliaris. Winters zonder strenge vorst zijn weliswaar minder gevaar-
lijk in dit opzicht, maar ook dan hebben vele soorten grote verliezen
te lijden omdat zovele individuen dan door hun immobiliteit geen
voldoende weerstand aan de branding kunnen bieden.

Tenslotte zij nog vermeld, dat Teredo navalis en T. megotara alleen
daar nog veelvuldig voorkomen, waar veel onbeschermd hout is
aangewend. Tegenwoordig is dit alleen nog op grote schaal het geval
bij de rijshout-bekleding van de dijkvoeten, waar de door paalworm
aangerichte schade ook nu nog zeer groot kan zijn.



