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1. Introduction.

The isle of Læsø lies in the northern part of the Kattegat between Jutland and Sweden.
Apart from some higher dune areas in the northern and eastern part the level 

surface rarely exceeds 30 feet above the sea. The island is entirely built up of alluvial 
deposits, and most soils consist of sand or sand covered by a mor layer. More than 
half is not cultivated, being chiefly occupied by various dwarf shrub heaths, Molinieta, 
a number of different dune vegetations and salt marshes. The eastern part in the vici
nity of the village Østerby is a narrow peninsula about five miles in the direction 
west-cast and two miles from north to south (fig. 1). In this part less than a quarter 
is now cultivated and the influence of man in the uncultivated areas is very limited. 
Along the shore the vegetation may be almost entirely natural and thus very well 
suited for ecological research.

The Østerby region was visited by me in 1939 and 1948. In both years most 
importance was attached to observations of the vegetation rich in lichens which is devel
oped on drift sand or sandy gravel behind the beach. Some of the results from 1939 
were published in a previous paper (1941 b), which further contains some analyses 
of lichen heaths from the northernmost part of Jutland (the Skaw). I'he lichen-dune 
vegetation of the latter area was first studied by Raunkiær (1913; see Raunkiær 1934 
pp. 332—338). Other analyses of lichen heaths on dune soils in different parts of 
Denmark are found in Röciier 1941 a, 1945, and 1947.

From the previous paper on the dune vegetation of Læsø (1941 b) we may 
summarize the following facts:

(1) Profile transects on various points on the north side of the peninsula from the beach 
to the closed dwarf shrub vegetation (the dune heath) reveal rather few zones owing to the 
low content of carbonates and the low pl I values of the sand on the foreshore and the youngest 
dunes. The green fixed dune communities which in other parts of Denmark are frequently 
inserted between the white and the typical grey dunes with acid soils are absent or fragmentarily 
developed owing to insufficient supply of basic particles blown in from the sea shore. On the 
other hand the grey dune vegetation with abundant lichens and Corynephorus canescens covers 
large areas and varies very much. It is found on the old inner coastal dunes as well as on the 
inland dunes and in the blow-outs formed on the dune heaths.

(2) The lichen heath vegetation of the grey dunes comprises the following sociations:
(a) Corynephorus-Cornicularia aculeata-soc. frequently rich in Polytrichum piliferum. 

On acidic sand and gravel; frequent in blow-outs of the inland dunes, here succeeding a pio
neer stage dominated by Polytrichum.
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(b) Corynephorus-Cladonia destricta-soc. On acid sand, as a rule exposed to wind, some
times even in places where a slight removal of sand takes place. Occurs together with the 
preceding sociation or mixed with it. Many observations make a succession from a Coryne- 
phorus-Cornicularia-soc. to a Corynephorus-Cl. destricta-soc. very probable.

(c) Corynephorus-Cladonia rangiformis- and /urcn/n-socialions. These sociations are 
mainly found on the coastal dunes, in places with moderately acid soil. In similar places 
a Corynephorus-Cladonia alcicornis-soc. occurs. The latter is furthermore found as very small 
patches in inland dunes.

(d) Corynephorus-Cladonia mitis-soc., the most important type of lichen heath dominated 
by Cladinae, in particular C. niitis, but also containing C. sylvalica, tenuis, impexa, and rangi- 
ferina. Carex arenaria and Ammophila sometimes abundant. The type occurs as the typical 
grey dune vegetation on old coastal dunes and inland dunes. The lichen carpet is very dense. 
The soil is acid with a somewhat higher content of organic matter than in the preceding 
sociations. Where the organic content increases further, as in the oldest parts of the peninsula, 
Corynephorus is subordinate, while Festuca ovina is most dominant, forming a dense Festuca 
ovina-Cladina-soc.

(e) Corynephorus-Cetraria nivalis-soc. occurs together with the Cladina-type, but prefers 
less protected places where the competition with the species of Cladina is less intense. Lichen 
heaths with Cetraria islandica as a dominant, on the other hand, are mainly found on some
what sheltered spots.

The floristic composition of these types of lichen heath appears from Tables 2, 8, and 9 
in Böcher (1941 b).

(3) Blow-outs are formed in the white and grey dunes as well as on the dune heath (Cal- 
luna-Empetrum-heath) farther inland. Where the blow-outs are surrounded by lichen heath 
or Calluna-Empetrum-heath a number of successions from open sand to lichen heath and 
further to dwarf shrub heath may take place. In many blow-outs the bottom is soon colonized 
by Empetrum, Salix arenaria, and Calluna. From these central heath patches where the soil 
may be less dry, the heath vegetation expands and invades open sand as well as lichen heath 
on the slopes of the hollows, but it is hardly able to settle on the driest spots and those parts 
of the slopes where the wind erosion is particularly strong.

(4) On the border between the Calluna-Empetrum-heai.h and the lichen heath of the 
grey dunes a similar succession may take place resulting in a formation of a dwarf-shrub sub
climax vegetation. In many cases, however, a degeneration of the dwarf shrubs occurs. In 
particular Calluna is inclined to die, thus forming spaces (destruction hollows or areas) which 
are colonized by lichens or Empetrum. In certain cases blow-outs may be formed where the 
dwarf shrubs have disappeared.

During the author's stay on Læsø in 1939 some permanent quadrates were 
selected for a close study of the successions. In some cases the degree of cover per 
square metre was estimated for all species by means of the Hult-Sernander scale 
and the distribution of the dwarf shrubs and the lichen heath mapped. The selected 
areas were marked out by means of four concrete poles in the corners (fig. 4). In 1948 
the permanent quadrates were reinvestigated. The results of these reinvestigations as 
well as a number of supplementary studies of the lichen heaths and of the succession 
of the vegetation leading from embryonal dune lo lichen heath are contained in the 
present paper.

Dan. Biol. Skr. 7, no.4. 2
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2. The succession from embryonal dune vegetation to lichen heath 
(“grey dune” vegetation).

The Osterby peninsula ends in a spit of land called Bløden Hale (fig. 1). In 
the southern part of this spit as well as on the small islet of Knotten south of the 
point of Blöden Hale the dunes are very young and low.

Fig. 2. Large newly formed area on the southernmost part of Bløden Ilale. Low dunes covered by Agro- 
pyrum repens and Salsola kali. Ammophila is invading some of the dunes. T.W.B. phot. 1948.

They are formed on a very broad sandy beach which constantly increases 
owing to the supply of fresh sand being washed ashore by the south-going current. 
The first stages are characterized by the occurrence of plants which are halophilous 
and demand an admixture of manure, in particular from dead seaweeds.

(1) Suaeda maritima stage on saline and more or less manured and moist sand.
(2) Salsola kali-Cakile maritima stage on somewhat saline and manured sand, 

which is drier. Subordinate species are Atriplex hastata, A. sabulosa, Suaeda mari
tima, Agropyrum repens, A. junceum, Agrostis stolonifera, Plantago maritima, and 
Glaux maritima.
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(3) Agropyrum-Elymus stage on very low, embryonal dunes, repeatedly subject 
to changes during springtides. Soil almost as at the preceding stage, but less manured, 
whenever Agropyrum junceum dominates. A. junceum- and EVy/nus-sociations are only 
developed on the islet of Knotten, not on the southernmost part of the spit, which may 
be due to the cattle grazing there. On the other hand, the southern point of the spit has 
large areas covered with Agropyrum repens-soc. (fig. 2) containing Cakile and Salsola, 
the latter sometimes in great abundance.

(4) Ammophila stage. Ammophila invades low, young dunes which may be 
comparatively stabilized and consist of neutral sand with a very low content of salt 
or manure. pH in the soil was measured at 6.6—6.8 and the electrical conductivity 
varied between 56 and 58.1 Frequent: Honckenya peploides. Scattered: Elymus, Agro
pyrum junceum, A. repens, Festuca rubra, Eryngium maritimum, Circium vulgare, 
C. arvense, Taraxacum sp., and Carex arenaria. (See also fig. 2).

Stages 1—4 are the only ones occurring on the islet of Knotten and the southern
most part of Blöden Hale. In order to follow the succession a number of squares 
forming a belt transect from the eastern to the western beach of the islet were ana
lyzed. The line was marked in 1939 by a concrete pole and a large wooden pole. 
Unfortunately both poles had disappeared in 1948. The concrete pole had probably 
been covered by drift sand and the wooden pole set adrift by the sea. Although 
the exact position of the transect could not be localized again it was clear that the 
area occupied by Ammophila had been enlarged considerably, thus giving evidence of 
the succession Agropyrum-Elymus stage Ammophila stage.

Evidence of successions from stages like (1)—(2) to Agropyrum-Elymus stages 
and further on to an Ammophila stage was obtained by observations in another part 
of Denmark (Korshage, cf. Böciier 1952).

From the southern point of Blöden Hale and northwards the land becomes 
older and older and at the same time the dunes grow higher. One mile from the point 
they reach a height of 7 feet and at the lighthouse near the northeast corner of Læsø 
(Syrodde) 23 feet. 'The highest dunes (38 feet) are found west of Syrodde and on 
Jegens Odde. With increasing age the soil changes from circumneutral to acid 
reaction and a leaching of the sand becomes more pronounced. In the vegetation 
these changes lead to a succession from white to grey dune vegetation. The belts 
found from south to north on the Bløden Hale evidently correspond to successional 
stages :

(5) Carex arenaria—Festuca rubra—Ceratodon stage. The invasion of Carex 
arenaria or Festuca rubra frequently results in the formation of a ± closed vegetation 
which, however, in the first stages frequently lacks cryptogams. Several sociations 
belong to this stage, thus (a) Ammophila-soc. with Festuca rubra, Jasione montana, 
Hypochoeris radicata, and Viola tricolor; (b) Carex arenaria-Honckenya-Galium verum- 
soc. ; (c) Carex arenaria-soc. sometimes with abundant Eryngium maritimum and 
patches of Galium verum; (d) Festuca rubra-Galium verum-soc. with Bromus mollis,

1 The figures given are the rest-conductivity, I<Mo — (KH+)20o-10®, (specific conductivity at 20° C 
from which the conductivity of the hydrogen ions is subtracted, cf. H. Sjörs 1946).

o* 
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Cerast ium semidecandrum, Sedum acre, Poa pratensis, Agrostis tenuis, and Potentilla 
anserina. (e) almost as the preceding but with Ceratodon, Tortula ruralis, and Bra- 
chythecium albicans; (a) occurs mainly on dune slopes while (b)—(e) cover the more 
or less level areas between the dunes. The variation in the vegetation undoubtedly 
is a result of rather important soil differences, Carex arenaria seems to indicate a 
soil which is poor in easily soluble salts while Festuca-Galium-Sedum acre, etc., may 
be connected with richer soils. In a place with abundant Carex arenaria pH was 6.2 
and the conductivity value 18. Another spot dominated by Festuca-Galium showed a 
pH-value of 6.1 and a conductivity value of 58, thus a value of the same magnitude 
as that found at Stage 4.

(6) Hypnum cupressiforme-Cladonia stage. 'This stage may follow stages with 
Ceratodon or Tortula-Brachythecium albicans. Hypnum cupressiforme is dominant 
together with Festuca rubra, but it is still possible to lind weak specimens of Brachy- 
thecium albicans. Characteristic is the frequent occurrence of a number of lichens 
as well as Dicranum scoparium, Rhacomitrium canescens, Corynephorus canescens, 
Hypochoeris radicata, Hieracium pilosella, Teesdalea nudicaulis, Trifolium arvense and 
Rumex acetosella. Among the lichens the following are most important: Cladonia 
alcicornis (sometimes dominant), C. furcata (sometimes dominant), C. rangiformis, 
C. fimbriata, C. chlorophaea, Cornicularia aculeata and Peltigera canina. Cladonia mi- 
tis is very rare. There are also at this stage several sociations. The Festuca-Galium 
verum-Hypnum cupressiforme-soe. occurs on somewhat less dry ground than the 
F. rubra-Cladonia alcicornis-furcata-soc. pH in these sociations was measured to be 5.5 
and 5.3 and the rest conductivity to be 38 and 32.

(7) C/acffna-stage. The first patches dominated by species of the Cladina group 
occur a little more than a mile north of the southern point of Blöden Hale. The most 
important lichens are Cladonia mitis and Cornicularia aculeata. Of secondary im
portance are Cladonia sylvatica, rangiferina, impexa, uncialis, gracilis, pityrea, chloro
phaea, furcata, alcicornis, Cetraria islandica, nivalis (very rare), Peltigera canina, 
P. rufescens and malacea. Corynephorus and locally Empetrum nigrum may dominate. 
Characteristic are further Calluna, Juniperus, Viola canina, Hieracium umbellatum, 
Armeria vulgaris, and Aira praecox. At this stage species like Galium verum, Trifolium 
arvense, Agrostis tenuis and Brachytheciiim albicans may still occur indicating a mode
rate poorness of the soil. pH and conductivity were measured in an Ammophila- 
Corynephorus-Cladonia mitis-Cornicularia-soc. and in an Empetrum-Cladonia mitis- 
impexa-soc. The pH values were 5.1 and 5.7 and the rest conductivity values 40 and 
36, thus figures about the same level as at the preceding stage.

(8) Calluna-Empetrum-Cladina stage. At this final stage the heath invades the 
CZadzna-vegetation. A stable subclimax heath may result, in particular on somewhat 
protected or less dry spots. In exposed or very dry places a degeneration of the dwarf 
shrubs may take place and frequently heath and lichen-vegetation are almost at 
equilibrium (see below). Particularly characteristic of this stage is a number of lichens 
occurring on old dead or dying twigs of the dwarf shrubs (Parmelia physodes, Cetraria 
glauca, C. chlorophylla, Usnea hirta) or on the ground where Calluna (or Empetrum) 
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have disappeared: Cladonia glauca and C. jloerkeana. From this stage which is reached 
at Syrodde (the northeast corner, cf. fig. 1) there are three soil analyses giving the 
pH-va lues 4.3, 4.6, and 5.2 and the rest conductivity values 15, 30, and 14. These 
values are in good agreement with those found in still older vegetations on the Østerby 
peninsula and therefore this stage seems to constitute a termination of more or less 
complete stoppage also with regard to the soil development. There is further good 
agreement with the pH and conductivity values from Corynephorion and related 
communities in South Sweden (Andersson & Waldheim 1946).

The succession of mosses and lichens described above reminds highly of that 
mentioned by Richards (1929) from Blakeney Point in Norfolk. According to Ri
chards the first invaders are Brachythecium albicans, Ceratodon and Tortula. Later 
settlers are Cornicularia aculeata and Cladonia furcata and finally Cladonia sylvalica.

3. The succession from lichen heath to dwarf-shrub heath.
This succession was studied in particular on Jegens Odde, the northernmost 

part of the Osterby peninsula (cf. fig. 1), on two permanent quadrates (I—II). On 
both quadrates the vegetation was mapped. In the large Quadrate II a system of 
connected squares each of 1 square metre were laid down and within these the de
gree of cover was estimated for all species. The analyses were made in 1939 and 1948.

Quadrate I (fig. 3). This quadrate was placed on a spot where Calluna had 
formed a heath patch surrounded by lichen heath (Cladina heath). The spot is seen 
on fig. 8 in Bocher 1941 b. In 1939 the southeast corner of the Calluna patch was 
bordered by an Empetrum patch, which seemed to enlarge its area fairly rapidly. 
Idle Calluna patch itself seemed also to be enlarging, but at the same lime the Calluna 
had died away from three central areas and formed three enlarging rings. In the 
three destruction areas a colonization of lichens and Empetrum took place. The spot 
seemed particularly interesting as enlarging and dying-away of Calluna and com
petition between Calluna and Empetrum could be observed simultaneously there. In 
1 948 a considerable extension of the Calluna rings as well as of the Empetrum patches 
could be recorded (see fig. 3). The system of Calluna measured 4x2.3 m in 1939 
and 5x2.8 m in 1948. The Empetrum patches inside the Calluna-area were consider
ably enlarged and had been able to gain a foolhold in areas occupied by living Calluna. 
Empetrum shoots began bridging two of the destruction areas (B—C in fig. 3). Other 
Empetrum shoots from the large patch in the southeast corner of the quadrate tried 
to bridge the Calluna ring. The flora in the destruction areas was not considerably 
changed. This appears from analyses of Areas B and C:

1939: On the ground: Cornicularia aculeata, Cladonia [loerkeana, coccifera (?), 
glauca, furcata, destricta, alcicornis (the latter only in Area C) and more scattered 
C. mitis, impexa, Hypnum cupressiforme, Corynephorus canescens, and (only Area C) 
Galium verum. On old or dying twigs of Calluna: Parmelia physodes, Cetraria glauca, 
and C. chlorophylla.
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Fig. 3. Permanent Quadrate I (6x3 m) showing the development of a system of Calluna rings and Empetrum 
patches. Vertical hatching: Empetrum. Horizontal hatching: Calluna. Interrupted oblique hatching: Par- 
melia physodes on old twigs of Calluna. No hatching: Cladina mat. A.B.C. three destruction areas, cf. text.

1948: Additional plants in Area B not observed in 1939: Cladonia uncialis, 
Usnea hirta, Dicranum scoparium, Hieracium umbellalum, and Lotus corniculatus. 
Additional plants in Area C. : Cladonia tenuis, uncialis, and Hieracium umbellalum. 
Not refound : Hypnum cupressiforme, Cl. cocci fera (?).

The centrifugal growth of Calluna reminds of the fairy-ring formation of different 
macromycctes. It seems probable that Calluna in the course of years makes the 
soil unfavourable for itself and, therefore, it can only thrive and Hower in the peri
phery of the rings. In inland heath districts of Jutland Calluna generally dies away 
after a period of 30 years. This disappearance of Calluna may also be a result of 
changes in the soil produced by the plant itself. At all events it takes very long time 
before new Calluna plants appear on the spots or within such enlarging destruction 
areas as those in Quadrate I, where seedlings of Calluna were absent in both years 
of observation. On the other hand young Calluna plants occurred in several places 
outside the rings in the Cladina carpet. Empetrum may be less particular with regard 
to the soil and this seems to explain its ability to invade the destruction areas of Cal
luna. In addition to the two plants observed in 1939 a third plant occurred in 1948 
in the northern corner of destruction area C. (Cf. fig. 3).

Quadrate II (figs. 4—6). This large quadrate was subjected to a more detailed 
analysis. From the mapping of the vegetation the following facts appear. In 1939 
the eastern part of the quadrate (4—8, c—g) was occupied by a wide CaZ/una-ring 
with a large central Empetrum patch. The resemblance to Quadrate I was great, 
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but the stage seemed much more advanced. The ring was closed no longer; in the 
northeast corner (8 c—d) and al another point (7 f) Empetrum had broken through 
it or had tilled out a gap in it. In 1948 the Calliina-ring was breaking up into small 
isolated parts. In some of these the Calluna shoots were almost hidden in the vigorous

Fig. 4. Permanent Quadrate II in the grey dune areas at the point Jegens Odde. A vertical line through 
the middle of the picture cuts two of the corner pegs (1 g to the southwest in the foreground, 8 a behind, 
cf. figs. 5—6). Quadrate III is to the right of the blow-out in the background in the higher coastal dunes.

T.W.B. phot. 1948.

Cladina-mat (e. g. 6 c), in others the Calluna shoots seemed able to compete with the 
lichens. The situation in 1948 may probably show the final stage of the development 
of the Calluna-ring. Future investigations will probably demonstrate the complete 
disappearance of it.

In the squares 6—7, b—c, a strong Calluna plant occurred in 1939. This plant 
had been able to enlarge its area in spite of the vigorous lichen mat surrounding it. 
Another young, very small plant in 3 a perished. If such plants succeed in competing 
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with the lichens they will undoubtedly be starling points of larger Calluna patches 
which later enlarge and finally die away in the central parts.

A very intricate system of expanding Ca/Zuna-patches occurred 1939 in 
Squares 14, e—g. The individual patches merged to some extent and some of them 

123^567 8

Fig. 5. Permanent Quadrate II in 1939, showing the grid and the distribution of the same species or com
munities as in fig. 3. Black: dead Calluna, x : dead Empetrilm. Small dots: open sand spaces in the Cladina 

mat. Other signatures cf. fig. 3.

had central destruction areas which also merged. From the observations made in 
1948 it became evident that one of these vigorous Calluna patches (in 2—3 f) had 
been able to invade an old destruction area of another Calluna-patch, thus showing 
that the rule mentioned above is not without exceptions or that it must be confined 
only to apply to seedlings of Calluna, which also were missing in ail destruction 
areas in Quadrate II.
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Two large Einpelrum patches could be studied in the quadrate. One of them 
was surrounded on all sides with Cladina heath, but only the eastern part of it got 
inside (Squares 1—2, a—d). The other, as already mentioned, had developed in 
an old destruction area of a Calluna patch. The growth of the first Empetrum patch

Fig. 6. Permanent Quadrate II in 1948. In 1 g a specimen of Salix arenaria has just got a shoot inside. More 
vigorous Calluna areas have contours whereas Calluna almost hidden in the Cladina mat is without a contour.

Otherwise as in fig. 5.

1 2 3 V 5' 6 7 8

during nine years was not very impressive, and it was. evident that the shoots in 1948 
were more scattered and that some small openings had appeared in the patch which 
to a great extent had been occupied by Cladina. The patch which first was surrounded 
by a Calluna ring showed an interesting divergent behaviour. Those parts which 
developed behind the extending Cu/hznu-ring were clearly checked while those parts 
which in 1939 had broken through the ring generally showed more progress (see 8 c—d, 
7—8 f—g) although a slight retrogression could be recorded in parts of 8 c.
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Table 1 contains a summary of all occurrences and covering values in the two 
years of observation. The first three columns concern the whole permanent quadrate, 
the lasl two give lhe constancy percentage and average covering for ten selected 
Cladina heath squares (3 abc, 4 ah, 5 ab, 6 a, 7 a and 8 a) and ten dwarf-shrub 
heath squares (2 f, 3 f, 4 f, 5 ef, 6 def, 7 ef). Owing to the subjective moment in the 
determination of the degree of covering only large differences in covering values can 
be regarded as significant. On the other hand rather small differences between the 
two years with regard to occurrences or constancy must be considered significant. 
A considerable decline for Ammophila, Corynephorus, Festuca rubra, Hypochoeris 
radicata, Jasione, Cladonia impexa, C. rangiferina, and Cornicularia aculeala can be 
established and simultaneously an increase for Hieracium umbellatum, Empetrum, 
Cladonia mills, C. gracilis, Cetraria islandica, C. chlorophylla, Parmelia physodes and 
the bryophytes. A moderate decrease in covering is found for Calluna vulgaris in the 
dwarf-shrub squares, a fact which corresponds very well to the more luxuriant growth 
of the epiphytes on old Calluna twigs, especially Parmelia physodes. l he total number 
of occurrences in 1939 (662) is only slightly higher than that in 1948 (635) a fact 
which in particular may be connected with the decrease in occurrence of Ammo
phila, Corynephorus, and others. The decrease for Ammophila and Galium verum and 
the increase of the bryophytes may be results of a change in lhe soil complex (increase 
in acidity) while the decrease for Corynephorus, Hypochoeris, Jasione, and perhaps 
Carex arenaria may be connected with climatic conditions (cold winters) during the 
passed nine years (see below p. 16).

From the year 1939 we have a pH measurement from the soil underneath the 
Cladina mat in Quadrate II. The value (5.1) is higher than that from the same vege
tation in 1948 (4.6). A soil sample from a place with degenerating Calluna collected 
in 1948 proved to be very different from that of the Cladina carpet the same year. 
Apart from its higher content of organic matter it was more acid (pH 3.9), bid other
wise its conductivity value even after subtraction of the conductivity of the hydrogen 
ions was comparatively high (68 as against 30 in the soil under the lichen carpet).

The most important fact which appears from lhe investigation of Quadrate II 
is lhe very limited progress of the dwarf-shrub heath taken as a whole. The total 
covering for the two dwarf shrubs is 184 (1939) and 202 (1948) thus giving a diffe
rence of 18, which is hardly sufficient for a demonstration of an advance of the Cal- 
luna-Empelrum heath. As moreover a number of lichens have increased in frequency 
it seems in this case more adequate to speak about an equilibrium between lichen 
heath and Calluna-Empetrum heath. This is very interesting and gives an explanation 
of the apparent stable arrangement of lhe vegetational zones along the sea. The 
typical “grey dunc”-vegetation (lichen heath) almost always occupies a zone between 
the white dunes or green fixed dune-communities and the dwarf-shrub heath. In 
certain cases the dwarf shrubs may invade lichen heath and fairly rapidly change 
it into a dwarf-shrub heath; with decreasing distance from the beach this advances 
more and more sluggishly and finally the succession may stop or go the other way when 
sometimes the lichen mat recovers lost ground. In this connection it may be mentioned



Table 1.

* In the calculation the covering values + (the species only just present) and 1 (covering below ’/is of the 
square) have both been reckoned as 1.

2 Covering scale according to Hult-Sernander : 5 (covers more than 2/2 of the square, 4 (covering between x/2 and 
of the square), 3 (between '/t and */8), 2 (between */8 and 1 (below + only just present in a single spe

cimen and with an extremely low covering.
3 Mainly typical C. mitis, C. sylvatica occurring much scattered and C. tenuis only intermixed with the other 

Cladina species in a few squares.
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Ammophila arenaria .... 48 79 3 100 2.4 70 1 27 31 2 80 1 10 1 >
Corynephorus canescens . 37 | 49 3 100 1 0 14 14 1 30 1 0 >
Festuca rubra.................... 10 10 1 70 1 0 6 6 10 1 10 1 >
Carex arenaria.................. 56 87 3 100 1.3 100 1.4 55 59 2 100 1.1 100 1.1 >
Hieracium umbellatum. . 38 38 1 100 1 50 1 11 52 2 100 1.7 20 1 <
Hypochoeris radicata . . . 29 29 1 100 1 0 7 7 1 0 0 >
Jasione montana.............. 19 19 1 50 1 0 12 12 1 10 1 0 >
Galium verum................. 13 13 1 0 50 1 9 9 1 0 20 1 >
Plantago maritima......... 0 0 •— 0 0 1 1 4- 0 0 (<)
Calluna vulgaris............... 32 91 5 10 1 100 3.2 33 81 0 90 2.6 >
Empetrum nigrum......... 30 93 5 0 80 4.1 37 121 5 20 1 80 4.9 <
Viola canina...................... 5 5 + 10 1 0 5 5 1 10 1 10 1 —
Salix arenaria.................... 0 0 0 (1 1 1 + 0 0 (<)

Sum. . . 317 513 248 399

Cladonia mitis 1
— sylvatica : 3
— tenuis

56 207 5 100 4.2 100 2.6 56 218 5 100 4.7 100 2.5 (<)

— impexa............. 35 38 2 30 1 80 1.2 27 27 1 20 1 70 1 (>)
rangiferina .... 52 103 5 100 3.7 70 1 44 80 5 100 3 20 1 >
furcata ............. 1 1 4- 0 0 2 2 + 0 0 —
gracilis............. 29 29 1 40 1 20 1 36 36 1 50 1 40 1 <
uncialis............. 24

4
21 1 30 1 20 1 20 20 1 10 1 0 (>)

— destricta........... 4 1 0 0 4 4 1 10 1 0
— cornuta.............. 0 0 0 0 2 2 4- 0 0 (<)
— coccifera........... 2 2 + 0 0 8 8 0 0 <

floerkeana......... 7 7 1 0 20 1 12 12 1 0 30 1 <
— fimbriata........... 3 3 -I- 0 10 1 5 5 4- 10 1 10 1 (<)
— chlorophaea . .. 18 18 1 10 1 40 1 16 16 + 20 1 20 1
— pityrea............. 0 0 —- 0 0 1 1 + 0 0 (<)
— glauca................ 15 15 1 20 1 20 1 17 17 1 30 1 30 1 (<)
— verticillata .... 0 0 — 0 0 2 2 + 0 0 (<)
—■ alcicornis......... 12 12 1 10 1 0 11 11 1 0 0

Cetraria nivalis................ 9 12
3

2 0 0 8 10 2 0 0
— islandica........... 3 1

1
0 0 8 9 2

1
0 10 1 <

—■ glauca................. 11 11 0 30 1 11 11 0 40 1
— chlorophylla . . . 1 1 + 0 0 7 7 + 0 30 1 <

Cornicularia aculeata . . . 41 55 2 60 1.1 30 1 34 37 2 50 1 0 >
Parmelia phvsodes......... 18 18 1 0 50 1 29 35 3 0 80 1.4

— subaurifera.... 0 0 0 0 2 2 + 0 0 <
Parmeliopsis ambigua . . . 0 0 — 0 0 1 1 _l_ 0 0 (<)
Usnea hirta........................ 2 2 4- 0 10 1 2 2

1
4- 0 10 1

Evernia prunastri........... 0 0 0 0 1 + 0 10 1 (<)
Sum. . . 343 565 366 575

Dicranum scoparium . . . 2 2 1 0 0 13 13 1 10 1 30 1 <
Hylocomium schreberi . . 0 0 — 0 0 1 1 + 0 10 1 (<)
Hypnum cupressiforme. . 0 0 — (1 0 7 7 + 0 40 1 <

Sum. . . 2 1 2 21 21
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that C/odma-species can invade the destruction areas which are first colonized, in 
particular by Cladonia floerkeana and ylauca. 'fins happened in the northern corner 
of Area C in Quadrate I, where in 1948 a vigorous C/utZ/nn-mat was developing.

4. Lichen-heath vegetations in relation to sand supply and sand 
removal by the wind.

Heavy sand accretion as well as strong erosion will destroy any type of lichen 
heath, whereas more moderate covering or wind influence will lead to ecologically 
different types of lichen heath. In the dunes or gravelly flats along the north coast 
of the Osterby peninsula both extremes occur.

On the point degens Odde a special study was made of the influence of sand 
covering. In 1939 a permanent quadrate (No. Ill) was established immediately be
hind the higher “white” sea-coast dunes (see fig. 4 in the background). West of the 
quadrate there were a large and a small blow-out from which sand was carried away 
and deposited more easterly. The quadrate, which was 25 square metres included 
two vegetational units. The ten northernmost and the five westernmost square metres 
were occupied by an Ammophiletum with scattered lichens (in particular Cladonia 
mitis, sylvatica, and Cornicularia aculeata), whereas the southeast corner had more 
the character of a lichen heath (Table 2). Although the lichens obtained rather high 
covering values it was always possible to see the sand between the individuals. In 
1948 the small blow-out west of the quadrate had expanded in an easterly direction and 
consequently the sand covering had gradually become severer, 'fable 2 gives a 
number of values showing a number of minor changes which undoubtedly mainly 
are the results of the increased sand supply. The lichens seem to have difficulties in 
keeping up with the covering; only vigorous podetia of Cladonia mitis-sylvatica or 
vigorous specimens of Cornicularia hold their own. On the other hand the increasing 
sand supply had been of advantage to Festuca rubra, Carex arenaria, Hieracium urn- 
bellatum, and perhaps Viola canina. The decrease for Corynephorus may be due 
to frost during the very cold winters 1940—42. In Rorvig in North Zealand this effect 
was followed more closely in the same couple of years and it was quite evident there 
that this species in 1948 had not recovered its old frequency from before the severe 
winters. This weakening influence of heavy frost agrees with the suboceanic distri
bution of Corynephorus, and the decrease for other suboceanic species (Hypochoeris 
radicata, Jasione) in Quadrates II—III may further accentuate this connection. It is 
not probable that the sand itself should weaken Corynephorus. This species will 
endure a much stronger sand covering by sending new shoots up through the 
sand (Warming 1909 fig. 66). It is surely a somewhat acidophilous plant, but the 
fresh sand from the blow-outs is moderately acid (pH 5.0—6.4, mostly about 6.0) 
and may thus be very suitable for it.

In 1939 pH in sand from the quadrate was found to be 5.9 and in 1948 the 
same figure was recorded in the northern part (with few lichens), while a pH of
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Tablé 2.
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Ammophila arenaria .... 
Corynephorus canescens . 
Festuca rubra...................
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0
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25

4
2
5
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0
26
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4
2
5

4
3

2
2
1

1

100 3.1
100 1.6 

0
100 1
100 1

0
0
0

100 2.3
100 2.7 

0
100 1.1
100 1.1
40 1
20 1
40 1
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22
18
25
25
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1
9
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18
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1
1
9

5
2
1
2
2
+
+
+

100 3.8
80 1
50 1

100 1.3
100 1.7

10 1
10 1
20 1

100 1.7
90 1.1
90 1

100 1.2
100 1.6

0
0

50 1

>
<

(<)
<
>

(>)
(<)
(<)

Carex arenaria..................
Hieracium umbellatum. .
I lypochoeris radicata . . .
Jasione montana..............
Viola canina......................

Sum. . . 111 183 121 191

Cladonia mitis )
sylvatica | 

— tenuis...............
25
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1
0
0
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2
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0
0

12
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1
0
2

23
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1

1
1

3

100 1.2
0
0
0
0

30 1
0
0
0
0

80 1

100 4.0
10 1
10 1

0
0

70 1
20 1
10 1
0
0

100 2.0

21
5
1
1
2
9
0
1
1
2

19

33
5
1
1
2
9
0
1
1
2

23

3
1
1
+
+
1

+

+
2

70 1
0
0

10 1
20 1
20 1

0
0

10 1
0

40 1

100 2.2
50 1
10 1

0
0

50 1
0

10 1
0
0

100 1.4

>
<

(<)
<

(>)
>

(<)

>
>

— impexa.............
—- scabriuscula . . .
— rangiformis....

furcata .............
— gracilis.............
— uncialis..............
— coccifera...........

Cetraria islandica.............
Cornicularia aculeata . . .

Sum. . . 67 110 62 78

5.4 was found in the southeast corner where the sand supply was less. Here the rest 
conductivity value was very low, being 15 against 47 in the northern part of the qua
drate. The further succession in Quadrate III will probably be in the direction of 
an Ammophiletum rich in Festuca, Carex, and Hieracium, but almost without lichens.

The succession on Bløden Hale and northwards from embryonal dunes on 
the beach to lichen-grown grey dunes has already been mentioned. This transition 
depends on increasing age and acidity bid is rather independent of sand supply or 
removal of sand. Locally increasing supply or removal can stop, check, or modify 
the succession, but these factors will always be of local importance in newly formed 
dune areas until the chemical soil development approaches or has reached a final 
stage. The age and the soil development being the most important factors in the dune 
areas between Svrodde (the northeast corner) and Bløden Hale, the removal of 
sand and direct influence of wind upon the vegetation increases in importance 
from the point Syrodde and westwards. This appears from the fact that the higher 
coastal dunes disappear in that direction, and erosion by the sea becomes more and

Dan. Biol. Skr. 7, no.4. 3 
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more violent. In the vicinity of Osterby a low erosion slope is formed and from time 
to time areas covered with lichen heath or Empetrum-Calluna-heath fall down and 
are removed by the sea (cf. fig. 7 in Böcher 1941 b). The strongest wind erosion 
results in the formation of blow-outs and it is a very common feature that destruction 
areas or hollows in the dry Calluna-Empetrum heath form starting points for blow
outs. With regard to the blow-outs and especially the importance of different lichen 
vegetations for the recolonization of them reference may be made to the author’s 
previous paper. In what follows the subject is the dependence of certain vegetations 
on such wind influences as do not result in or have not yet resulted in blow-out 
formation.

Weak influences of this kind produce only minor differences in the composition 
of the lichen heath, while influences which reach the level of erosion transform the 
vegetation entirely. Large lichen podetia and loose sand, especially the smallest sand 
particles, are removed by the wind and a more or less gravelly or stony flat forms 
with a very special lichen flora. A number of lichens seems to prefer this kind of 
vegetation, thus in particular Alectoria vexillifera, chalybeiformis, Stereocaulon sp., 
Cladonia destricta, and C. cervicornis.

There are also, however, lichens which profit by a weaker wind action presum
ably owing to a decrease in vitality of the typical Cladonia mitis as well as of C. syl- 
vatica and impexa. In particular Cetraria nivalis and Cladonia alpestris may belong 
to this category.

Cetraria nivalis (L.) Ach. The first scattered specimens occur in the dune slopes 
at Syrodde (constancy percentage in 2 quadrates of 10 m2 10—20, covering: +). At 
.legens Odde (Quadrate II Table 1) it occurs also very scattered but obtained in a 
single square (8 g) the covering value of 2. Between this point and the harbour of 
Østerby it reaches dominance on west-facing, very gently sloping ground. Here it 
occurs in vegetation which is also dominated by Cladonia destricta and contains much 
Corynephorus and Cladonia mitis var. prostrata. Similar vegetations are described in 
the previous paper from dune areas farther inland. Ail these vegetations are rich in 
Corynephorus and frequently contain open spaces where sand and gravel are laid 
bare. A dense lichen mat mainly dominated by Cetraria nivalis occurs frequently 
in Scandinavian mountains as well as at the heads of the Southwest Greenland fjords, 
but is very rare in Denmark. In 1948, however, such a vegetation was found on the 
Østerby peninsula in the oldest parts of the area in some low inland dunes a little 
north of the main road and south of the lost village of Hals which was destroyed 
by sand-drift long ago. Five analyses (squares) of this Cetraria nivalis heath are 
surveyed in Table 3. The vegetation dillers from the more open vegetations of the 
dunes or gravelly fiats along the north coast by the occurrence of species like Eestuca 
ovina, Agrostis tenuis, Luzula multiflora, and Achillea millefolium. It covers rather a 
large area so that the yellow colour of the dominant can easily be seen at quite a 
long distance. The vegetation alternates with patches dominated by Calluna or Ein- 
petrum together with Cetraria and on less exposed parts of the area with patches of 
Cladina-heath with the same dwarf shrubs and Salix arenaria. It very much resembles 
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liehen heaths with Cetraria nivalis described from Northwest Zealand and Central 
Jutland (Bocher 1947 and 1941 a).

Cladonia alpestris (L.) Rabh. This lichen is not so frequent as Cetraria nivalis. 
It is absent from Syrodde—Jegens Odde, but occurs between the latter point and the 
harbour of Østerby scattered in the Cladina heath. Only in one place it obtains a

lüg. 7. Cladonia alpestris forming patches in the grey dune areas between Jegens Odde and the harbour 
of Osterby. T.W.B. phot. 1948.

high covering value (Table 3 No. 6, fig. 7). This place was on a low flat hill and was 
more protected than the Cetraria nivalis-Cladonia des/rze/a-vegetation and less so 
than the pure Cladina heath. In other parts of the Østerby peninsula the species 
occur on Empetrum heaths on exposed ridges and sometimes in destruction hollows 
in the heath (Bücher 1941 b Table 10 Nos. 11—16 and fig. 10).

Cladonia destricta Nyl. occurs much scattered al Jegens Odde bid farther 
west soon gets a prominent place in the vegetation. It is clearly the most important 
Cladonia in the most exposed situations on acid and poor soils. Only C. mitis var. 
prostrata may sometimes on less exposed ground be of the same importance. In five 

3*
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Table 3.

No.......................................................................
1 2 3 4 5 Constancy

pH.....................................................................
K200 (H • 10..................................... 4.7 4.5 4.5

per cent 
Nos.

51 — 29 — 22 1—5

Corynephorus canescens............................ 3 __ 40
Festuca ovina................................................ — — 2 1 60

— rubra................................................ + — -— — — 20
Agrostis tenuis.............................................. 1 1 2 2 — 80
Ammophila aren aria.................................. — 1 1 1 80
Carex arenaria........... .................................. 4- 4- 4- + — 80
Luzula multiflora.......................................... — — -— — 20
Hieracium umbellatum.............................. 1 4- 1 1 1 100

pilosella....................................... — — — — 0
Hypochoeris radicata.................................. —- 4- — — 20
Achillea millefolium..................................... — — + — 20
Jasione montana........................................... 1 1 1 1 1 100
Galium verum................................................ — — 4- — 4- 40
Calluna vulgaris........................................... 1 — 2 2 80
Em petrum nigrum....................................... —- — — 0
Viola canina.................................................. — — — 0
Ruinex acetosella.......................................... — — + + 40

Cladonia alpestris....................................... 0
— mitis.............................................. 2 2 1 2 1 100
— sylvatica....................................... — — + 4- 4- 60

tenuis ............................................ — — + 4- 60
— rangiferina................................... — — 1 + 4- 60

impexa......................................... — — 1 1 1 60
scabriuscula................................. — — 4- + 20

— uncialis.......................................... — — + + — 40
— gracilis........................................... + — + 4- — 60
— glauca............................................ —■ — -J- + —- 40

fimbriata....................................... — — — + 4- 40
chlorophaea................................ —- + 80

— coccifera........................................ — + — — 20
Cetraria nivalis.............................................. 5 5 5 5 5 100

— crispa.............................................. — — -— -1- —- 20
Cornicularia aculeata................................... + 1 1 1 1 100

Polytrichum piliferum................................ + 40
Dicranum scoparium................................... + + —■ + 4- 80
Hypnum cupressiforme............................... — — + —- 4- 40
Webera nutans.............................................. —■ + + ■ — •— 40
Cephaloziella sp.............................................. — + + — 60

of the square analyses in Table 4 (Nos. 6—10) which were made in the inner zone 
of the gravelly Hat west of the Østerby harbour the species was constant and obtained 
high covering values. As distinct from the two above-mentioned species it will 
stand a moderate removal of sand. It has a very vigorous system of rhizines which 
adhere to the grains of sand and small stones and will therefore withstand very violent 
winds. It is certainly a very characteristic element in the vegetation of the exposed 
gravelly Hats, but it is not exclusive to this habitat. It occurs in pure acid sand at 
exposed stations and also on bare wet raw humus in heather moors (see Bücher 
1941 a, 1941 b).
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Alectoria vexillifera (Nyl.) Stzbrgr (— A. cincinnata (Fr.) Lynge). This arctic 
lichen seems completely bound to the windy gravelly flats. As the vegetation in which 
it occurs is of special interest a number of square analyses were undertaken partly 
at the station where I detected il in 1939 west of the harbour of Østerby (Table 4

(3)

Fig. 8. Gravelly flat on the north coast of Læsø at “Bansten Bakke”. (1) maritime belt with scattered herbs 
and squamulate Cladoniae. (2) transitional belt with thin lichen vegetation composed mainly by Cornicu- 
laria—Cladonia destricta. (3) Cornicularia—C. destricta soc. with Alectoria vexillifera. (4) Dense Cornicu- 
laria—Cladonia destricta—C. mitis prostrata-heath with Empetrum-patches. T.W.B. phot. 1948.

Nos. 1—10), partly al a new station “Bansten Bakke” farther west (Table 4 Nos. 
11—15). A profile transect from lhe first locality is mentioned in Table 3 and 
p. 10 in Böciier 1941 b). The area at “Bansten Bakke” resembles that at the 
harbour very much. Just above a low erosion slope at the beach there is a gravelly 
plain with much scattered plants. Plantago maritima and Armeria vulgaris are here



22 Nr. 4

Table 4.

(1) Flowering plants, (2) lichens which are characteristic of the community, (3) lichens occurring on sand, (4) 
lichens on the small stones (kindly determined by M. Skytte Christiansen, M.Sc), (5) bryophytes.

— — —
No.............................................. 1 2 3 4 5 Con

stan-
6 7 8 9 10 Con

stan-
11 12 13 14 15 Con

stan-
cy cy cy

PH ...........................................
1^20° (Hjj+)20O- 10 ...........

5.2
18

4.7
23

5.4
18

per 
cent. 
Nos.

5.4
23

5.0
21

per 
cent. 
Nos.

4.5
9

5.3
32

per 
cent. 
Nos.

1—5 6—10 11 15

(1) Corynephorus canescens 1 1 1 . L 2 100 + 1 1 + 1 100 1 1 __ 1 1 80
Festuca rubra................. _1_ __ __ 60 1 + 1 1 +

1
100 __ __ __ — 20

1 lieracium umbellatum. —. — — — 0 + + + 80 + — + + — 60
.Jasione niontana........... + + 1 + 80 1 1 + __ 1 80 + + _ _ __ __ 40
Plantago maritima .... — 0 — 0 1 + + .— 60
Armeria vulgaris........... 1 __ + __ __ 40 __ __ __ __ __ 0 __ ___ __ __ __ 0
Empetrum nigrum .... + — —- 20 — — — — 1 20 + 1 — + + 80
Viola canina.................... 0 __ + 1 + 80 __ __ __ + 40
Lotus eorniculatus .... — — — — 0 — — 0 — — — 20

(2) Alectoria vexillifera . . . 1-2 2 2 1 1 100 1 : + + 1 100 1 1 1 1 100
chalybeiform.. — — + 1 + 60 — — — — — 0 — —- — — — 0

Cladonia destricta......... +
+

+ 1 __ +
+

80 4 4 3 5 4 100 __ 1 + __ + 60
cervicornis .... + + 80 + + + 60 — + 1 + 60
cf. pyxidata . . . — — — + + 40 —■ — _J_ — 20 — — — — + 20
strepsilis........... __ __ __ __ + 20 __ __ __ __ __ 0 0

Stereocaulon sp............... + + + + + 100 __ + + + 80 __ __ __ 4- + 40

(3) Cladonia mitis var. pro-
strata ......... — — + — 20 + — — — — 20 + 4- + 1 — 80

— furcata ........... — — — — — 0 — — — — — 0 — 4- -— — 40
gracilis........... — — — — — 0 — — — + — 20 — — — — — 0
coccifera......... — — — — 20 + + + — —- 60 + — + + 80
floerkeana.... — — — — — 0 + — — + — 20 — — — — 0
chlorophaea . . — — — — — 0 — — — — — 0 — — + 20

—• glauca............... 4- — + + 60 + — — 20 — — ■— 20
alcicornis .... 1 + + -J- 4- 100 2 1 100 2 + — 1 + 80

Corn icul aria aculeata . . + 2 2 1 1 100 4 4 4 2 3 100 5 4 5 5 4 100
Lecidea granulosa......... — — — — 20 ----- — 0 — — — 0

(4) Parmelia saxatilis......... 0 40 1 20
— mougeottii . . . — — — 20 — —. — — 20 — + — — — 40

Rhizocarpon obscuratum 2 1 2 100 2 + + “F + 100 + 1 — 2 + 80
— reductum .... + — — + — 40 — —- — 0 — —- — 0

Sarcogyne simplex......... + __ __ 20 0 4- 20
Acarospora smaragdula -1- — — — + 40 — — — — 0 — — — -— — 0
Lecidea erratica.............. — — — + + 10 —■ — — — 0 — — — 0

— sorediza............. 0 0 + 1 4- 60
— pycnocarpa.... —- — — — —- 0 — -— — — 0 — — + 20

Lecanora polytropa .... + — —- — — 20 — — — — — 0 — — — + ■— 20
badia............... — — — — — 0 — — — — — 0 — + — 20

(5) Polytrichum piliferum. . —- + 40 1 1 1 100 + 1 2 + 2 100

rather important, less so are Corynephorus, Jasione, Hieracium uinbellatum, Cladonia 
alcicornis, and cervicornis. This extreme belt may be influenced by salt spray; 
on fig. 8 it is called (1). The next belt (Fig. 8(2)) contains the first specimen of Alecloria
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vexillifera and there the lichens are more abundant, especially Cornicularia and Cla- 
donia destricta. Of some importance is likewise Poly trichum piliferum. Among the 
higher plants Festuca rubra, Viola canina, Lolas corniculatus, and Empetriini have 
entered the vegetation. The analyses in Table 4 (Nos. 11 1.5) are all from the third 
belt (3). In the background on the left this belt is rather broad (in fig. 8 indicated by 
arrows). Here Alectoria vexillifera is constant and rather abundant. In this belt the 
lichen flora of the small stones further is best developed, it consists mainly of Rhizo- 
carpon obscuration. In the fourth belt (4) the lichens cover the ground. A Cornicularia- 
Cladonia destricta-mitis var. pro.s/rn/u-heath occurs which, however, frequently is 
interrupted by Empetriini patches or small sandy or gravelly areas with the same 
vegetation as in belt (3). In the closed lichen mat small stones may protrude and 
not rarely they are overgrown by Parmelia saxatilis.

In Southwest Greenland Alectoria vexillifera grows in places which from an 
ecological point of view resembles the Læsô type of habitat very much. I saw it in 
1946 on gravelly ridges or stony fell fields (barrens) in places highly marked by 
wind influence. At Ivigtut it occurred in the very characteristic Salix uva ursi barren 
land community. The analyses of this community will appear in a later paper on 
the Greenland vegetation.

Alectoria chalybeiformis (L.) Röhl. is another characteristic species of the 
gravelly plains. It was seen in some of the squares at Østerby. 1 have further noticed 
it at Rorvig on exposed lichen heaths at the sea (cf. Böciier 1945 p. 152). Daul (1950) 
found it in Greenland on rocks and on the top of windy hills together with Alectoria 
vexillifera and ochroleuca.

In 1939 two rather small permanent quadrates were made in vegetations 
rich in Cladonia destricta on the gravelly plains. Both had a bad fate. One was placed 
in belt No. 5 in the profile transect at Lergravsbakke mentioned on p. 8 in Böcher 
1941 b. But there the more extreme belts 2—3 in 1948 were removed by the sea and 
the next two belts covered with fresh sand. The only plants left in the quadrate were 
a specimen of Empetrum, which had been able to form a low dune, and further 
Festuca rubra, Hieracium umbellatum, and Plan Iago maritima. All lichens and several 
others had disappeared.

The other quadrate was made on the Alectoria vexillifera locality west of the 
harbour of Osterby. In 1948 the corner pegs were taken away by someone and it 
was therefore impossible to find the place exactly. The quadrate, however, was cut 
by a line indicated by two sea-marks and its approximate situation could be established 
through counting of steps along this line. It was therefore possible to ascertain that 
no larger changes had occurred in that area during the nine years. It thus appears 
that such gravel-plain communities as are the result of strong wind influences can 
be very stable unless new blow-outs are formed or removal of sand takes place and 
disturbs the balance.
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