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I. Introduction.

After the investigation of the slopes, hills, and coastal fields of Sealand (see Böcher 
. 1945) a desire naturally arose to undertake similar investigations in Jutland. As 
the area of study North Jutland was chosen, the large number of steep coastal slopes 

in the Limfjord regions and the chalk hills in Thy, the Hanherreder, and Himmerland 
offering particularly many interesting and suitable localities.

We have divided our material of investigations of the slope and dune vegetation 
into two sections, one dealing with the Himmerland localities (the present paper), 
the other with the Hanherreder and Thy (the neighbourhood of Svinklöv, Bulbjerg 
and Hanstholm).

In order to avoid misunderstandings it should at once be emphasized that the 
term slope and hill vegetation is used to denote the dry or half-dry grass-herb vege
tations on hills and slopes. Wood and Calluna heath on the hills have only been 
included when bordering on the grass-herb vegetation and showing certain charac
teristic or interesting stages of transition.

The material has been arranged partly topographically, partly according to 
plant communities. In the topographical section we call attention to the placement 
of the communities in the terrain and to the problems connected with the vegetation 
complexes of the various localities.

The first-mentioned of the authors has planned the investigations and during 
the preparation of the material particularly looked after the soil analyses, the 
systematic arrangement of the material and the preparation of the MS. The second 
author has determined the mosses collected, while the third has determined the 
lichens. The hepatics have been determined by Miss Eva Clausen, M.Sc., to whom 
we offer our cordial thanks. The analyses in nature have been undertaken by all 
the three authors. We lake the opportunity of offering our respectful thanks to the 
Carlsberg Foundation for grants towards performance of our investigations, and 
to the Rask Ørsted Foundation for a grant towards the translation of the paper 
into English.

II. The Area Investigated.
Himmerland is enclosed in the north by the Limfjord, in the east by the 

Kattegat, in the west by Lovns Bredning and Hjarbæk Fjord, and in the south by 
Mariager Fjord and the Skalsaa Valley. On the survey map, Fig. 1, we have shown
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4 Nr. 3

Fig. 1. Survey map of Himmerland. The marine foreland (saltwater alluvium) is rendered with a grey 
shade (according to Axel Jessen 1920). Further the localities investigated, nos. 1—34, are marked off.

the situation of the localities investigated and the boundaries of the Ice Age deposits. 
The marine foreland with the valley systems connected with it (former fiords) is 
represented with a grey shade. The great majority of our localities are situated on 
old sea or fiord slopes, now separated from the saltwater by an often very broad 
marine foreland. Other localities are situated on steep hillsides along the river 
valleys, while very few are found on dry hills inland. The important topographical 
main feature, the Litorina slope with the broad foreland, is clearly seen in a 
number of the figures in the following text. Localities near river banks are also 
represented (Figs. 12—13). Besides, the reader is referred to the thorough dis
cussion of the extension of the Tapes-Litorina sea in North Jutland by Axel 
Jessen (1920).

Deposits from the Cretaceous Period play a great part in the majority of places 
investigated. These consist partly of white chalk, partly of later formations (I) a ni en), 
cf. Ødum (1926) and Nordmann (1943).
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Fig. 2. Steep slope north of Klithuse (Loe. 10). Sand with pieces 
of chalk in it. T. W. B. phot. 1943.

consists either of chalk (often with some humus)

The chalk deposits are overlain by Ice Age deposits, particularly diluvial sand. 
In the sleep slopes this depositing is frequently seen, and it leads to a very charac
teristic zonation of the vegetation. In many steep slopes (e. g. numerous river banks 
inland) the soil is exclusively sandy. Clayey slopes arc also found, although more 
rarely, the diluvial sand on the whole covering the largest area of this region. In 
the calcareous localities the soil 
or of sand with numerous pieces 
of chalk in it (Fig. 2). The latter 
perhaps is the more frequent.

The steep slopes of Him
merland more than those of Sea
land are devoid of tree growth. 
Apart from the central Rold- 
skov.and the tract of Solbjerg- 
Skelum the province is very 
poorly wooded, a fact probably 
connected with civilization in 
the country of the ancient Cim- 
brians being very old. Brønd
sted’s map shows that the 
greater part of the diluvial area 
is closely set with ancient bar
rows. Only the central wooded 
area, the Roldskov, and cer
tain minor clayey parts exhibit 
few or no barrows. So the area 
does not oiler many possibilities 
of studying the transition be
tween wood and scrub and the 
open grass-herb vegetation. Parallels of the mixed hardwood forests of Sealand 
found on coastal slopes are seen particularly in the east, e. g. near Gudumlund, 
Lille Brondum and on Mulbjergene. Farther west there is a typical slope wood near 
Nibe (Lundbæk, see Wiinstedt 1931). There are many remnants of wood or scrub 
on the banks of the river valleys; the vegetation on the fringes of and near these, 
however, is mostly of so oligotrophic and heathlike a character, that it may be 
ignored in this connexion.

Besides, on an analogy with conditions in Sealand it must be assumed that 
the woody vegetation on the slopes is of the earliest origin, and that only comparatively 
few spots with unsettled soil (landslip) or a particularly high content of calcium in 
the soil (cf. Carsten Olsen 1943) are naturally woodless. We shall return to these 
facts below.

D. Kg). Danske Vidensk. Selskab, Biol. Skrifter, IV, 3. 2
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III. Topographical Description of the Vegetation.
The localities are mentioned in a numerical order, i. e. from west to east and 

south-east, cf. Fig. 1. For the meaning of danish words see p. 76.

1. Næsby Dale south of Løgstor. An about 3 km. long seaside slope with fine side-ravines 
running NW.—SE. or SW.—NE. The west-facing steep slope especially consists of clay and 
may be almost bare. Mostly, however, it is covered with sea-buckthorn scrub. Both this slope 
and the side ravines are grazed fairly extensively. Along the northernmost part the west-facing 
slopes are characterized by considerable landslips. Tussilago farfarus makes its appearance 
on the bare clay. The Hippophaës scrubs are influenced by manure from horses and cattle: 
Rubus caesius, Galium aparine, Urtica dioeca, Dactylis glomerata, and Poa trivialis are the 
principal species under and between the bushes. Otherwise Crataegus monogyna and Sambucus 
nigra are the only ligneous plants found, and at the bottom further Geum urbanum and rivale, 
Cirium lanceolatum, Sonchus asper, Anthriscus Silvester, Veronica chamaedrys, Clinopodium 
vulgare, and Holcus lanatus occur. On damp soil appear Solanum dulcamara, Valeriana excelsa, 
Filipéndula ulmaria, Ranunculus repens, Lathyrus pratensis, and Prunella vulgaris. The sea
buckthorn scrubs continue into the side valleys (Figs. 3—4). Here Rosa canina and Crataegus 
oxyacantha appear, too, and at the bottom Fragaria vesca in abundance.

The tree- and shrubless vegetation in the two side-valleys is interesting and was 
thoroughly examined. Exposure to sun and wind seems to be decisive of the occurrence of 
several species. Most striking is the distribution of Chrysanthemum leucanthemum and Geranium 
sanguineum. Both are nearly exclusively found on south- or southwest-facing slopes, but 
succeed each other so that the geranium species occurs closest to the fiord and the oxe-eye 
daisy only somewhat into the valleys. Bellis perennis and Plantago media, on the other hand, 
are evidently more frequent on the north-facing slopes.

In the northern valley three communities on the sunny side were analyzed and one 
on the shady side. Inmost on the sunny side we find the Chrysanthemum vegetation (Table 4, 
no. 15), which in the upper part, near the uppermost, driest ridge is superseded by a Sedum 
acre-Potentilla reptans sociation (Table 6, no. 7), which is rich in therophytes and fairly open. 
Nearest to the fiord on the windy side the slope is adorned with a dense, low Geranium sangui
neum sociation (Table 4, no. 1 and Fig. 4 in the background). In spite of the fact that the 
vegetation covers 80 per cent, of the ground only, annuals were missing, a fact which is 
probably due to seeds and faded plants simply being blown away. The vegetation of the slope 
facing the north-east (Table 8, no. 17) is very different from the others on the south-facing 
side. It is a dense grass vegetation very rich in species.

In the southern side valley west of the restaurant the sunny side is not grazed. Here, 
not far from the shore, there is a Geranium sanguineum sociation reminding of a Sealandish 
slope with high perennials; upwards, on drier soil, it is replaced by a Filipéndula hexapetala 
sociation. The soil here is non-calcareous (pFI 6.0), whereas it contains 10 per cent. CaCO3 
(pH 7.5) on the Geranium slope. The analyses are mentioned in more detail in Table 4, nos. 2 
and 11. The opposite side here, too, exhibits a more meadowy flora with a dense grass-covering. 
The clay here is overlain by sand, which marks the vegetation. The clayey soil is characterized 
by Carex flacca, Plantago media, Primula veris, and Tussilago, while the sandy soil was domin
ated by Festuca rubra, Agrostis tenuis, Anthoxanthum, Poa pratensis, Rumex acetosa, and 
Trifolium medium.

Filipéndula hexapetala, too, is found in the northern side valley, on sandy soil on the 
uppermost part of the sunny side. It should be noted that Geranium sanguineum in other 
places, e. g. near Lendrup, is growing abundantly on slopes facing the north-west. 1 hus it



Nr. 3 7

Fig. 3. Næsby Dale: The northern, large side ravine. 
The south-facing slope is dominated by Chrysanthe
mum leucanthemum, the slope facing north by sea
buckthorn scrub and dense grass-cover. T. W. B. 

phot. 1943.

Fig. 4. The mouth of the side ravine shown in
Fig. 3. In the foreground sea-buckthorn scrub, in 
the background the wind-swept southwest-facing 
slope and Logstor Bredning. T. W. B. phot. 1943.

might be supposed to be dependent on the drying by the wind and the reduced competition 
connected with it. This agrees with the fact that it is missing in the protected parts of the 
side valleys. There is, however, the possibility that the cattle particularly go to the heads 
of the valleys and that this is the chief cause of the distribution.

2. The steep slope south of Aggersund. The west-facing, rather steep, tree- and shrubless 
slope extends a little more than one km. along the Løgstor-Fjerritslev road, and is separated 
from the fiord by a narrow foreland, chiefly littoral meadow, but near the foot of the slope, 
where the soil is drier and sandy, covered with a dry grass vegetation. The soil of the slope 
consists of diluvial sand, which often contains much chalk. On the uppermost part of the 
slope the calcareous soil is overlain by a layer of sand of varying depth. At the foot of the slope 
there is also sand overlying the chalk soil. Pure chalk soil is found only in and near the chalk 
pit of Aggersund.

A profile transect laid across the slope cuts through a number of communities stretching 
as narrow zones along the slope. On the plane field near the road below the slope there is 
first a Festuca ovina vegetation (with Galium verum, Achillea millefolium, Trifolium campestre, 
Hijlocomium squarrosum, and a few specimens of Veronica spicata besides 25 other species). 
The soil is acid, with pH 5.5. The soil near the slope is more sheltered, a little more humid 
and with traces of chalk (pH 6.5); here there is an Agrostis tenuis-Camplothecium sociation 
(Table 7, no. 5). Three zones may be distinguished on the slope: below, a dry fairly high grass 
vegetation on loose, sandy, but rather calcareous soil (16 per cent. CaCO3, pH 7.7; Table 5, 
no. 10). Next follows a Briza media-Festuca ovina sociation, a low, dense vegetation on a fairly 
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firm, calcareous soil much exposed to the wind (Table 5, no. 11), and at the top, immediately 
below the ridge of the hill, a low herb and grass vegetation with great richness in and density 
of species. It has developed on a thin layer of soil poor in chalk above a purer chalk soil, and 
is much exposed to the wind. On small open spots of ground between the tussocks of grass 
there are many therophytes, and some small rosettes of Draba incana (see further Table 5, 
no. 12). Sheltered behind the ridge follows a dense, dry grass vegetation, in some places with 
Pulsatilla vulgaris or a few specimens of Rosa spinosissima. This uppermost zone was not 
examined in detail near the vegetation profde, but somewhat farther to the north, where 
Pulsatilla pratensis and Hypochoeris maculata made their appearance, too, the former in great 
abundance (Table 7, no. 4). Here, again, the soil is sandy with a low content of chalk and 
pH 6.9. From here also originates an analysis of the slope with Geranium sanguineum dominating 
(Table 4, no. 3). The soil here was more sandy than in the corresponding place near the profde.

The two species of pasque-flower occur only on the ridge or near it, and nowhere enter 
in the same vegetation. Pulsatilla pratensis is connected with rich sandy soil, but hardly, 
like P. vulgaris, occurs on calcareous soil. Reseda lutea was found on the slope only, on chalk 
near the chalk pit, where it is frequent. Draba incana was seen only in the vegetation mentioned, 
where its occurrence perhaps is connected with the reduced competition caused by wind and 
drying up.

3. Marbjerg near Kjolby. This locality in the Stone Age formed a small holm off the 
coast. Now it is a hill 40 m. in height, which on all sides is surrounded by flat saltwater 
alluvium. The hill is chiefly planted, but the steep western slope bears a carpet of Deschampsia 
flexuosa, which from the distance may be seen as a reddish-brown spot of colour. Near the 
NW. corner of the hill there has been a landslip. At the top there is an old slope from the 
landslip, covered with Hippophaës rhamnoides, below this a fresh landslip. Here it is seen 
that the hill is built up of calcareous diluvial sand overlain by moraine sand (and some clay). 
The calcareous sand (pH 7.7, CaCO3 percentage 3.6) is loosened and is blown together below 
the slope. Connected with the accumulations of sand there is a vigorous growth of Arabis 
hirsuta.

Somewhat farther to the north the slope is terraced. On the unsettled soil there is a 
somewhat inosaic-like vegetation dominated by Fragaria vesca and Avena pratensis. The large 
tussocks of the latter has probably been of importance for the formation of the terraces. The 
greatest differences appear in the bottom layer: In some places we here find Ctenidium mol- 
luscum or Camptothecium lutescens, in others Hylocomium triquetrum and Pseudoscleropodium 
purum, cp. Table 8, no. 18.

4. St. Nicolajs Bjerg near Sebbersund. This small sandy hilly tract was also an island 
in the Stone Age, situated in the then two km. broad side-fiord of the Limfjord. Now the 
locality is surrounded by and connected with the continent by a marine foreland. On the 
west-facing sides pasture and civilization seem to have been least influential. Our investigations 
were restricted to this side. Fig. 2 in Plate II gives some impression of the locality. Most 
northerly (in the background in the figure) there are a few small remnants of scrub consisting 
of Crataegus oxyacantha, Prunus spinosa, and Rosa canina and with a narrow marginal growth 
with Anlhriscus Silvester, Scrophularia nodosa, and Astragalus glycyphyllus, etc. They are 
surrounded downwards by a luxurious Geranium sanguineum sociation (Table 4, no. 8) and 
upwards by a peculiar, heath-like, dense grass vegetation with Scorzonera humilis in abundance 
(Table 8, no. 20). This, again, farther upwards is replaced by a poor Festuca ovina-Desch. 
flexuosa-Armería sociation on rather dry soil. Here we find, for the first time, the feature very 
characteristic of Himmerland: The rich soil overlain with a poor soil and a corresponding 
zonation of vegetation. Soil samples from the three zones from below upwards showed pH 6.1, 
4.9, and 4.8.
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Farther south the difference between the upper and the lower slope vegetation is also 
great, but less conditioned by the quality and pH of the soil. The frequent occurrence of 
Visearía vulgaris on the upper part probably indicates an incipient exhaustion of the soil, 
but the difference between the upper and the lower vegetation is no doubt chiefly conditioned 
by the degree of humidity of the soil. At the top there is a dry vegetation rich in therophytes 
(Table 6, no. 11) or a curious low and dense Fragaria viridis sociation (Table 4, no. 10). At 
the bottom there is a luxurious Geranium sanguineum vegetation or in the most humid places

Fig. 5. The south-facing slope of Storbjerg near Djorup. In the Phleum phleoides vegetation in the fore
ground flowering Filipéndula hexapetala and Hypochoeris maculata are seen. In the background heather- 

covered hills with juniper shrubs and aspen. T. W. B. phot. 1943.

a fine vegetation of tall perennials, such as Geranium sanguineum, Heracleum, Filipéndula 
hexapetala and several others (see Table 4, no. 7 and Fig. 2 in Plate II foreground).

Among details concerning the distribution of the species it may be mentioned that 
Scorzonerci humilis was clearly connected with the transition between the poorer and the 
richer soil and that Helianthemum nummularium showed a certain preference for the scrubs, 
being found particularly round .these.

5. Storbjerg near Djorup. The slopes along the fiord south of Sebbersund are covered 
with a rather uninteresting grass vegetation in which there are small spots of heath and aspen 
scrub. 1 he grass vegetation varies between a dry, oligotrophic Calamagrostis epigeios sociation 
poor in species, a fairly dry Desch. flexuosa-Holcus lanatus-Rumex acetosa sociation, and a 
half-dry Festuca rubra-Poa pratensis-Rumex acetosa sociation (the latter on shady sides in 
small side valleys). Among species requiring more nutrition only Avena pratensis and Fz7z- 
pendula hexapetala are found; they occur on fresh soil near landslips.

In the side valley north of Djorup, on the other hand, there is on the south-facing 
valley slope below Storbjerg a very interesting and fascinating distribution of the vegetation. 
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The side valley running east-west here again is cloven by small hollows running north-south. 
One of these is seen in the background in Fig. 5. In the hollows there are aspen scrub and 
some juniper, while the interjacent hills as a rule are covered with heather. On one slope (in 
front in Fig. 5) the heather, however, is completely superseded by a botanical oasis, z. a. in 
the form of a Phleum phleoides-Carex caryophyllea-Pulsatilla vulgaris-Hypochoeris maculata- 
Hypnum cupressiforme sociation rich in species. The zonation of the vegetation from above 
downwards here again is mainly due to increasing value and pH of the soil. A thin Callunetum 
at the top and on the upper part of the slope, poor in species, is followed by a small transitional 
zone characterized by Scorzonera humilis together with a few specimens of Pulsatilla vulgaris, 
Hypochoeris macúlala, and Galium verum (pH 4.3), and next we find the dense south slope 
vegetation rich in species (Table 6, no. 4) on soil with pH 6.3. In the steepest places this is 
dissolved into an open dry-slope, a Phleum-Sedum acre-Tortula ruralis sociation covering about 
75 per cent, of the ground. Farthest down at the meadows there is again a little heath or 
Deschampsia flexuosa sociation. We found a very few particles of chalk in the sand in this 
place, which is rich in species, but the soil sample from here contained no chalk.

The temperature on this steep, sunlit slope was found to be (on the 27th of June 1943 
at 16.45) 37° C. in the grass, 39° C. in the Tortula cushions, and 45° C. at the surface of naked 
spots of ground. At breast height in the shade there were at the same time 21° and in the 
soil at a depth of 20 cm. 23°. At the bottom of the grass in the meadow below were measured 
19° and on the surface of naked dry peat soil in the meadow 25°. A microclimate of this kind 
is one of the conditions of the above-mentioned richness in species of the vegetation; the 
other is the richer soil. On the other sunny sides of the valley there was only heath, and 
abundance of spotted cat’s ear indicated a somewhat richer soil.

Here, too, Helianthemum nummularium was found in connexion with low scrubs of 
Salix repens and Populus trémula.

6. Hills near Skivum Krat. The Halkær Aa and the Sønderup Aa fall into the fiord 
south of Sebbersund. The latter river rises not far from Rold Skov and runs through a beautiful 
erosion valley to the former branch of the fiord (tunnel valley) through which also the Halkær 
Aa runs. The sides of the erosion valley are to a great extent covered with oak scrub or low 
forest, further with heather and thin grass vegetation. The scrub was described by Wiinstedt 
(1931, pp. 418—19), who amongst other things gives prominence to great growths of Calama- 
grostis arundinacea in the bottom vegetation and mentions a number of species in and near 
the scrub which are of particular interest in connexion with the vegetation on slopes and 
hills. These are Sedum telephium, Clinopodium vulgare, Galium boreale, Carex montana, Cam
panula trachelium, C. cervicaria (edge of scrub, only a few individuals), Geranium sanguineum, 
Agrimonia odorata, Selinum carvifolium, and Mélica nutans. All these species have a more 
or less easterly distribution, and this is just the case of a large number of species of the slope 
and hill flora. Several of the species mentioned also grow on bare hills, others preferably occur 
on the fringes of the wood. It is not improbable that many of the continental slope plants 
originally exclusively belonged to open light spots at or near the edges of woods.

A south-facing fringe of scrub some distance south of Højris water-mill was particularly 
interesting in this connexion. Between low oaks, a little hazel, aspen, and juniper there is 
here a dry sand vegetation dominated by Festuca ovina, Sedum acre, Thymus serpyllum, and 
Achillea millefolium. Among continental-subcontinental species there are here Sedum tele
phium, Arabis hirsuta, Avena pratensis, Filipéndula hexapetala, Pulsatilla vulgaris, Pimpinella 
saxífraga, Hypericum perforatum, Phleum nodosum, Trifolium arvense, and Arenaria serpylli- 
folia. The oceanic-suboceanic element is represented by Calluna, Filago minima, Jasione 
montana, Aira caryophyllea, and A. praecox. Among widely distributed species there are, 
besides the dominant ones, Galium verum, Hierac. pilosella, Planlago lanceolata, Lotus corni- 
culatus, Agrostis tenuis, and others, and among mosses and lichens Ceratodon purpureus, 
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Hypnum cupressiforme, Polytrichum piliferum, Camptothecium lutescens, Tortula subulata, 
Weisia microstoma, Barbula fallax, and Cladonia fimbriata. The vegetation was very 
local. It was only seen on a steep sandy sonth-facing slope along a stretch of 2—300 
square metres.

On a dry east- and south-facing hill north-west of the watermill of Højris there were 
no continental species, but a characteristic pasture community characterized by juniper,and 
Antennaria dioeca and otherwise dominated by Festuca ovina, Deschanipsia flexuosa, Thymus 
serpyllum, Hieracium pilosella, Lotus, Luzula campestris, and Hypnum cupressiforme. There 
are several oceanic species here (Genista anglica, Trifolium campestre and T. dubium, Aira 
praecox, and Sieglingia decumbens) and further Campanula rotundifolia, Veronica officinalis, 
Agrostis tenuis, Cladonia tenuis, C. furcata, and others. The pH of the soil was 4.9.

A similar pasture community on acid soil is found in various variants on many slopes 
of river valleys. At Kobbe’s water-mill near St. Ajstrup the hills thus also were quite grey 
with cat’s-foot cudweed, but Calluna, Genista anglica, and Arnica montana here were more 
conspicuous. In a particularly steep area there were some specimens of Visearía vulgaris, 
a species which also stands the fairly good heath soils.

7. Hills near Voxlev and Klæstrup. The Binderup Aa in this place passes some very 
steep slopes facing the east and south. The soil below consists of chalk, above of sand. On 
the Klæstrup hills a profile was examined from the overlying poor sand vegetation (Tab. 6, 
no. 12) through a transitional vegetation, where some chalk has been added to the sand 
(Table 5, no. 9), to a typical chalk vegetation (Table 5, no. 8) near the foot of the slope. The 
difference in acidity between the sand and the chalk vegetation is very great. The difference 
in flora is also considerable and is primarily due to the chemical properties of the soil, to a 
less degree to the increasing humidity of the soil downwards.

The steep chalk escarpment near Voxlev (see Plate IV, Fig. 1) is covered by Echium 
vulgare. The slope is terraced, and the terraces are grazed by cattle. The soil is very unsettled, 
and the total covering by the vegetation amounts to 50 or 60 per cent. only. Besides Echium, 
Poa compressa and Ranunculus repens dominate. Other species found here are Senecio jacobaea 
and S. vernalis, Chrysanthemum leucanthemum, Tussilago, Hieracium pilosella, Sonchus asper, 
Centaurea scabiosa, Taraxacum sp., Artemisia campestris, Verbascum nigrum, Calamintha, 
Daucus, Pimpinella saxífraga, Agrimonia eupatorio, Ononis repens, Medicago lupulina, Sedum 
acre, Geranium molle, Papaver argemone, Ranunculus bulbosus, Cerastium caespitosum, Dactylis, 
Phleum nodosum, Festuca rubra and F. ovina. In England similar immigration stages with 
Echium and Senecio jacobaea have been described, cp. Tansley (1939). At Voxlev there is 
sand above the chalk at the top of the slope, and here belong small fragments of a Phleum 
phleoides-Sedum acre sociation with abundant Artemisia campestris, Galium verum, Hieracium 
pilosella, Thymus serpyllum, and Arenaria serpyllifolia.

The vegetation round the chalk pit at Hulemølle is influenced by civilization. Medicago 
saliva here extends over large heaps of dug-out fragments of lime. These are dark with Verru
caria nigrescens and V. muralis.

8. Hills near the stamp mill of Binderup. The Binderup Aa here glides close to the 
rather steep east-facing side of the valley (see Fig. 15). It is steepest at the mill (the youth 
hostel), where the soil contains some particles of chalk. Here the flora suddenly changes • 
character. The calcareous area is characterized by three sociations, in the first place a Calama- 
grostis epigeios sociation poor in species, with scattered specimens of Filipéndula hexapetala, 
Calamintha, Valeriana officinalis, Hypericum perforatum, Linum catharticum, and at the bottom 
Campylium chrysophyllum, Thuidium philiberti, and Camptothecium lutescens. It is shaded 
earlier in the afternoon than the other sociations. These occur above each other: at the top
a very dry open Phleum phleoides-Sedum acre-Camptothecium sociation (Table 6, no. 5) and 



12 Nr. 3

below this a slope vegetation more characterized by high perennials (Table 6, no. 6). Both 
at midsummer time are only shaded from about 16 o’clock.

The contrast between calcareous and non-calcareous vegetation appears from a com
parison between the lists of species Table 6, nos. 5 and 6 and the following lists originating 
respectively from a slope facing north-east and from facing south-east in one of the small 
cuts into the side of the valley seen in the foreground in Fig. 13. Both vegetations are variants 
of the oligotrophic, acid pasture vegetation. The dominant species are marked with a !.

Only or mainly on the side 
facing south-east

Hieracium pilosella!
Festuca ovina!
Agrostis tenuis!
Lotus corniculatus!
Plantago lanceolata
Thymus serpyllum
Carex arenaria
Knautia arvensis
Galium verum
Erophila verna
Trifolium procumbens

— arvense
Genista tinctoria
Carex caryophyllea 
Filipéndula hexapetala
Hypochoeris maculáta
Hypnum cupressiforme

On both sides

Deschampsia flexuosa!
Achillea millefolium 
Festuca rubra 
Anthoxanthum odoratum 
Ranunculus bulbosus
Galium pumilum
Calluna vulgaris 
Sieglingia decumbens 
Trifolium medium

— repens
Vicia cracca 
Antennaria dioeca 
Ononis repens
Cerastium caespitosum 
Pimpinella saxífraga

Only or mainly on the side 
facing north-east

Poa pratensis! 
Rumex acetosa! 
Pseudoscleropodium purum! 
Hylocomium squarrosum! 

splendens! 
triquetrum 

Dicranum scoparium 
Vaccinium myrtillus 
Potentilla erecta 
Lathyrus montanus 
Galium saxatile 
Varonica chamaedrys

— officinalis 
Arnica montana 
Scorzonera humilis 
Ranunculus acer 
Prunella vulgaris 
Cirsium acaule 
Briza media 
Cynosurus cristatus 
Holcus lanatus

9. Litorina slope north of Skindbjerg. Formerly this locality was very interesting. 
According to Wiinstedt (1931, p. 417) the following species amongst others were found here: 
Medicago falcala, Gentiana amarella, Polygala amarella, Arabis hirsuta, Thymus chamaedrys, 
and in one place half a score of specimens of Draba incana. Now the planting of spruce has 
led to the extermination of numerous species and, in fact, the original vegetation has practically 
disappeared. Only nearest to a chalk pit on the Aalborg road a remnant is left (Table 8, 
no. 14) with a rich moss vegetation and some specimens of Polygala amarella.

10—11. The slopes between Klithuse and Norholm. These localities are situated on a 
former island in the Limfjord (Fig. 1). The slopes consist of sand with numerous scraps 
(Fig. 2) or smaller fragments of chalk in it. Only at the chalk pit near Klithuse with a very 
calcareous soil. As a whole the locality is unique because of its abundance in beautifully 
developed and interesting types of vegetation and ought to be protected against planting. 
An action for preservation has already been instituted on that account. In Carsten Olsen’s 
work of 1921 there is one vegetation analysis from Klithuse (Table 33, no. 297).

There are particularly two kinds of vegetation: the slope vegetation characterized by 
chalk and the abundant vegetation on sandy soil (sand-alvar) above the slope. As for the 
latter it is much varied and rich in species. Physiognomically it is mostly dominated by 
Pulsatilla pratensis and later in summer by Geranium sanguineum (cp. Plate III, Fig. 2). On 
some spots near very low scrubs of Rosa canina and Salix repens the grass carpet is adorned 
with Helianthemum nummularium. Pulsatilla vulgaris is also found above the slope, but only 
on some few and small spots near Klitgaarde. On those spots the vegetation has a slightly 
different character from that in the P. pratensis sand-alvar (Table 7, nos. 1—3). Particularly 
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the species Armería vulgaris, Anthyllis vulneraria, and Trifolium procumbens are more abundant. 
A special type is completely dominated by Phleum phleoides. It is found on the ridge and 
the uppermost flat part of the low, dry southern slope at Klithuse (Table 6, no. 2). The soil 
here is richer and drier. The vegetation downwards on the slope itself is replaced by a 
Brachypodium pinnatum sociation (Table 3, no. 6).

The vegetation on this south-facing slope and the open vegetation on chalk near the 
chalk pit farthest west (Table 5, no. 16) differs from the other slope sociations by occurring 
on dry soil. All the slope vegetations facing north or north-west are found on medium dry, 

Fig. 6. The north-facing slope at Klithuse. Below 
an Avena elatior sociation poor in species, above 
a grass slope rich in species, i. a. with many 
flowering specimens of Leontodón hispidus.

T. W. B. phot. 1943.

Fig. 7. North-facing slope at Norholm. Below an 
open slide of sand and fragments of chalk; above 
this a tall slope vegetation characterized by Cen
taurea scabiosa and Heracleum sphondylium. T.W. B. 

phot. 1943.

half moist soil. In some of them the moss carpet is greatly reduced because of sand-drift. 
The sand originates from the area behind the ridge, where German soldiers have dug out 
the beautiful sand-alvar vegetation as turf. At present Filipéndula hexapetala forms an inter
esting pioneer vegetation on the dug-out surface. The vegetations in Table 3 all originate 
from the north-facing slopes. The various sociations succeed each other, and it is very difficult 
to form an opinion which circumstances condition this alternation in the carpet of vegetation. 
In Fig. 6 we see a characteristic transition between a grass slope rich in species and an Avena 
elatior sociation on the nethermost part of the slope. The latter is found on somewhat looser 
soil than the vegetation above and perhaps may be considered a stage in a succession from 
vegetation on landslips to vegetation on stable soil. At Norholm this succession was more 
conspicuous (see below). The grass slope rich in species contains sociations dominated by 
Brachypodium pinnatum, Briza media, Campanula persicifolia, Inula salicina, Crépis prae- 
morsa, or Silene nutans.

In spite of the fact that the soil is of the same sort the picture of the vegetation is 
greatly changed as we pass from Klithuse towards the east to Norholm (Loc. 11). The slope 
here is covered by a changing grass cover dominated by Avena elatior (Table 3, no. 2), Festuca 
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rubra (no. 3), or by a fairly tall vegetation of perennials characterized by Heracleum or Cen
taurea scabiosa (no. 4). As compared with the Klithuse locality the Norholm slopes are steeper 
(see Fig. 7) and the soil looser and apt to slide. The unsettled character of the soil must be 
considered a principal reason for the difference between the two sections of the slope.

On the open landslips an initial vegetation immigrates which is dominated by Taraxacum 
sp. or Senecio facobaea. Other prominent species are Ranunculus acer, Chrysanthemum leucan- 
themum, and Sonchus asper.

The Avena elatior sociation is probably a rather early stage in the overgrowing, or it 
is dependent on a loose soil apt to slide and form terraces. In contrast to this the Festuca 
rubra-Dactylis moss vegetation is found on a stabler soil. In one place the slope both above 
and below an area with Festuca rubra-Dactylis is steeper and dominated by Avena elatior. 
The sand below Festuca rubra-Dactylis is less calcareous, perhaps a sign that a leaching has 
taken place here. In another less steep place there is a stable soil with Avena pratensis-Festuca- 
Dactylis. In such places there is also an incipient abundance of species (Koeleria pyramidata, 
Hieracium auricula, Campanula glomerata, etc.) as on the Klithuse slope. The vegetation 
characterized by Heracleum and Centaurea curiously enough is attached to the uppermost 
part of the slope.

12. The slopes «at Oplev. In the Stone Age saltwater here went more than 20 km. into 
the country in a south-going tunnel valley. The Oplev and Ræbild slopes (Ræbild Bakker) 
are situated at the head of this former fiord. While the Ræbild Bakker on the whole are 
covered with heaths, there are both grass and heather and transitional types between these 
on the Oplev hills, where there is chalk in the subsoil. A peculiar distribution of plant com
munities is found at Trindhat Hoj. Here the top plateau bears a dry grass vegetation rich 
in species, while the slope facing north-east downwards is heath. Thus it here looks as if the 
content of nutrition in the soil may locally rise from below upwards in the terrain. The grass 
vegetation is dominated by Festuca ovina, Anthoxanthum, Sedum acre, Thymus serpyllum, 
Hieracium pilosella. Further Pulsatilla vulgaris, Artemisia campestris, Festuca duriuscula, 
Phleum nodosum, Trifolium dubium, Scleranthus perennis, Arenaria serpyllifolia, Galium verum, 
Tortula ruralis, and Polytrichum juniperinum are frequent. On east-facing slopes we further 
find spots of heather, on which there are large numbers of Visearía vulgaris, Pulsatilla vulgaris, 
and Genista tinctoria. The transition between the dense Pulsatilla sand-alvar and a dry Coryne- 
phorus field poor in species is formed by the following sociation, which was observed on an 
east-facing slope near Oplev Krat (the figures denote degree of covering):

Suboceanic species: Jasione montana 3, Ilypochoeris radicata 1, Calluna, Teesdalia nudi- 
caulis, Aira praecox, Filago minima, Aphanes microcarpa (all -|----- 1). Subcontinental species:
Avena pratensis, Ilypochoeris macúlala, Pimpinella saxífraga, Genista tinctoria, Hypericum 
perforatum, Visearía vulgaris (all +). Widely distributed: Deschampsia flexuosa, Festuca ovina, 
Hieracium pilosella, Rumex acelosella (2), Agrostis tenuis, Achillea millefolium (1), Anthox
anthum, Luzula campestris, Plantago lanceolata, Veronica officinalis, Cerastium caespitosum ( + )• 
Lichens and mosses: Cladonia rangiformis, furcata, chlorophaea, Polytrichum funiperum, pili- 
ferum, Hypnum cupressiforme (4----- 1).

The part of Oplev Krat situated closest to Trindhat Høj consists of oak with scattered 
beech, hazel, and hawthorn. On the fringe occur Prunus spinosa, Avena elatior, and Anthriscus 
Silvester, and further such species as Phleum phleoides, Hypochoeris maculata, and Pulsatilla 
vulgaris.

On the opposite side of the valley, a short distance south of Skillingbro, there is an 
interesting spot of vegetation near an old chalk pit. A road is cut down north of the pit and 
the vegetation is found as a stripe on the south-facing steep slope along the road. The soil 
is only slightly acid (pH 6.4); undoubtedly it is more acid in the vegetations situated above, 
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which are characterized by such species as Calluna, Pteridium aquilinum, and Pinus silvestris. 
As appears from Table 4, no. 14, the vegetation along the road exhibits a rather peculiar 
constellation of species. It is a Carex montana-H ierac. pilosella-W eisia micro stoma- Thuidium 
philiberti sociation, where a high frequency of Agrostis canina and Sieglingia indicates poorness 
of the soil.

13. The chalk escarpment near Lille Blaakilde. Not far from the source of Blaakilde
there are glades in the scrub standing on the slope. The bare spots are covered by a meadow-like 
chalk vegetation. In several places 
the chalky ground is completely 
bare of plants. In Carsten Olsen’s 
paper of 1921 there is a single ana
lysis from this slope (Table 33, 
no. 296).

The scrub is dominated by 
Rhamnus cathartica. Besides this 
we find Frángula alnus, Viburnum 
opulus, Sorbus aucuparia, Pyrus 
malus, Quercus robur, Rosa canina 
and tomentosa and Juníperas com
munis. Under the bushes there are 
particularly Paris quadrifolia, Ge
ranium robertianum, Geum rivale, 
Urtica dioeca, Ctenidium molluscum, 
and Hylocomium triquetrum.

The epiphytic llora in the 
scrub is very abundant. The trunks 
and the twigs are rather densely 
grown with the lichens Pertusaria 
amara and pertusa (both only on 
the trunks), Parmelia fuliginosa var. 
laetevirens, P. subaurifera, P. sulcata, 
Ramalina farinácea, Evernia pru- 
nastri, Phy scia stellar is, adscendens, 
tenella, and leptalea, Xanthoria pa- 
rietina, Opegrapha atra, Lecidea oli-

Fig. 8. The northwest-facing slope at Lille Blaakilde. Scrub of 
Rhamnus cathartica and Juniperus surrounding an area with 
grass-herb vegetation. In the background Lindenborg Aa [river].

T. W. B. phot. 1943.

vacea, Lecanora carpinea, crassula and subfuscata, and Phlyctis argena. The moss flora here 
includes Neckera complánala, Antitrichia curtipendula, Hypnum cupressiforme, Amblystegium 
serpens, Isothecium cfr. myurum, Zygodon viridissimus var. occidentalis, Ulota bruchii, Orthotri
chum pulchellum, stramineum, striatum and octoblephare, and the hepatics Frullania dilatata, 
Metzgeria furcata, and Radula complaneta.

The three analyses from the open parts (Table 8, no. 1—3) show three degrees of growth 
on the chalky soil. No. 2 is situated on the open chalky gravel and in a place where the soil 
is liable to slide. In no. 3 we still see the white soil everywhere between grass and herbs. In 
no. 1 the soil is nearly completely covered.

14. The Lady’s slipper orchid locality at Buderupholm (cf. Jac. Hartz in Bot. Tidsskr. 
29, p. 447). In the same valley, but farther north, the slope facing north-west is overgrown 
with a beech-forest. The beeches as at Mons Klint have a crooked, often greatly moss-grown 
trunk and rarely attain to any great diameter of the trunk. On the forest-floor the vegetation 
varies greatly. A Rubus saxatilis sociation poor in species and a Calamagrostis arundinacea
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sociation are frequently found. In one fairly great area the soil is calcareous. The place is 
botanically characterized by an Equisetum hiemale growth below the calcareous part of the 
slope, which, for that matter, is easy to find, as the foresters have erected a tall, dense fence 
round the whole of the interesting area. Inside the fence there are several glades in the beech
forest, and here, thanks to the fence, there is an abundant growth of Cypripedium calceolus 
and a few specimens of Cephalanthera rubra. Both thrive best in the half-open places. The 
Lady’s slipper orchid prefers to have an open sky above it, but bushes and trees in the neigh
bourhood which throw a shadow over the place of growing. In Plate I, Fig. 1 one of the glades 
is seen in the foreground. The Lady’s slipper orchid (Table 1, no. 2) here is found just in the 
place where the glade narrows between trees and bushes in the background of the picture. 
The uppermost, broadest of the glades harbours the type most interesting in connexion with 
the vegetation dealt with in the present paper, a Carex flacca-Rubus saxatilis sociation (Table 1, 
no. 1). The soil is calcareous and a little terraced. A dark humus layer formed by the mosses 
covers the chalky soil. In the humus layer, but not absolutely connected with it, there are 
rhizomes of Vaccinium vitis idaea. The cowberry here reaches a frequency percentage of 40 

’ on a soil with pH 7.2 (the humus layer) and a content of chalk of 12.4 per cent. Also the occur
rence of Hylocomium schreberi (Frequency per cent. 90) is remarkable.

The four analyses from the enclosure of the Lady’s slipper orchids give a fairly copious 
impression of both the vegetation exposed to light (Table 1, no. 1) and what might be termed 
the Cypripedium forest-fringe vegetation (nos. 2—3). No. 4 is an example of a forest-floor 
vegetation in one of the scrublike, fairly light beech-areas on the middle of the hillside.

The epiphyte vegetation on tree trunks and old stumps is also peculiar and remind 
of that on Møns Klint. It is especially characterized by Antitrichia curtipendula, Anomodon 
viticulosus, Hypnum cupressiforme, Neckera complanata, and Frullania tamarisci, to which 
may be added Isothecium myurum, Zygodon viridissimus var. occidentalis (incl. f. stirloni), 
Orthotrichum stramineum, Campylium hispidulum var. sommerfeltii, and Metzgeria ¡urcata.

The lichens Pyrenula nitida, Opegrapha viridis, and Lecanora glabrata cover great parts 
of the bark of the trunks. Other species are Arthopyrenia gemmata, Arthonia radíala, Opegrapha 
atra, herpetica, pulicaris, subsiderella, Graphis scripta, Lecidea olivácea, Pertusaria leioplaca, 
leptospora, and Lecanora subfuscata. The thalli of the lichens were often black-spotted from 
the stromata of the bark fungus Dichaena faginea. On thin twigs Arthonia punctiformis and 
Lecidea olivácea are growing, and above moss at the foot of the trunks, Peltigera praetextala 
and Cladonia fimbriata.

South-east of this locality is Havedalen, which in the west is bounded by Bjergeskov 
and Vedstedskov, in the east by Skørping Lund. From this place a vegetation analysis has been 
published by Carsten Olsen (1921, Table 33, no. 295).

15. Dybdal Bjærg near Voldsted. The road from Voldsted to Elleshøj passes through 
a side-valley of the broad Østeraa Valley, which towards the north continues the Linden- 
borgaa Valley. Between the side-valley and the main valley Dybdal Bjærg is situated, a 
botanically rich and valuable locality. The sloping area was formerly used for the grazing of 
sheep ; now only the level areas in front of the slope are used for grazing of untethered horses. 
We made detailed examinations of the slope facing north-east, from which there are four 
frequency determinations (Table 8, nos. 9, 10, 15, 19).

The uppermost steep slope differs from the rest. Here a number of heath plants dominate 
(Vacc. myrtillus, Desch. flexuosa, Molinia coerulea') together with such species as Filipéndula 
hexapetala, Hypericum maculatum, and Salix repens. There is here a surface layer resembling 
raw humus (pH 4.9) above gravelly moraine sand (pH 5.5). The vegetation varies greatly, 
Filipéndula, Molinia, Galium boreale, or Vacc. myrtillus dominating in various places. 
Among remarkable species we may mention Carex ericetorum and montana (cf. further 
Table 8, no. 17).
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Below, about the middle the slope is often less steep and the sandy soil calcareous. 
In one place (Table 8, no. 13) the soil was neutral and slightly calcareous (0.3—3 per cent. 
CaCO3). Here Pulsatilla vulgaris is subdominant in a Briza-Koeleria-Avena pratensis-Hyloco- 
mium sociation. In another place (Table 8, no. 9) the percentage of chalk in the upper
most part of the soil rich in humus is 36, while it reaches 45 at a depth of 4—10 cm. Here 
the dominants are Carex flacca and Camptothecium lutescens, and such species as Crépis prae
morsa, Cineraria integrifolia, and Sanguisorba minor begin to appear. Finally there is close 
to a chalk pit a vegetation (Table 8, no. 10) developed on typical chalky soil. In the surface 
layer 56 and at a depth of 4—10 cm. 70 per cent. CaCO3 were measured. At a depth of 15 cm. 
there was practically pure chalk. The vegetation is a Briza-Carex flacca-Crepis praemorsa 
sociation with scattered specimens of Cineraria integrifolia. There are a few specimens of 
Pulsatilla vulgaris. In this locality it is obviously most frequent on the slightly calcareous 
sandy soil.

The lowest part of the slope is characterized by Avena pratensis. At the foot of the 
slope there is an area with a less sloping and drier soil (probably a cone of sand originally 
deposited by water flowing down the slope). Here Filipéndula hexapetala is physiognomically 
dominant.

16. Skindbjerg. WNW. of Skindbjerg a long ravine opens into the valley of the Linden
borg Aa. On its sides the chalk either reaches the surface or is covered by a thin layer of moraine 
material. The side of the valley facing west is covered with a low, very open scrub, in which 
Juniperus plays the principal part. Prunus spinosa and (particularly upwards) Populus trémula 
dominate in spots. Further Rosa cfr. glauca is of importance, while Rhamnus catharlica and 
Frángula alnus are less conspicuous. Between the bushes there are spaces open to light; the 
vegetation here appears from Table 8, no. 12.

The scrub in many places has been cut down. Afterwards Juniperus is shooting again, 
forming small groups of low bushes. Decumbent stems remain around the bushes together 
with dry branches which have been left scattered on the ground. Thus, the vegetation 
developed here (Table 3, no. 13) is protected both climatically and from the grazing cattle. 
The dead needles form a thin layer over the chalky soil.

The analysis recorded in Table 3, no. 13 was made in a place where Crépis praemorsa 
was comparatively abundant, found together with such species as Campanula persicifolia, 
Origanum vulgare, and Geum rivale. The Crépis species may also be found a little inside the 
edge of larger scrubs, where it receives less light, but where, because of the reduced competition, 
it may spread into large rosettes over nearly bare soil. Curiously enough it was not frequent 
along the edge of larger patches of scrub which had not been cut down; hence it might seem 
as if the influence of civilization in the form of the dead stems and branches were of a certain 
importance for it. The vegetation has a bottom layer of Hylocomium triquetrum, a species 
which was nearly absent in the open spaces. The density of species is slight, but the number 
of species is high (77). A number of physiognomically important plants, which would also 
be constants if a larger space had been used for the examination of frequency, have reached 
low values only {Cineraria integrifolia, Arabis hirsuta, Campanula persicifolia, Fragaria vesca, 
Pulsatilla vulgaris).

On the northern side of the valley of Lindenborg Aa, too, the chalk reaches the surface. 
North-west of the mouth of the side valley just mentioned the slope is covered with different 
grass-herb sociations, in which amongst others Polygala amarella and other calciphilous plants 
practically always enters. Further there are isolated bushes of juniper in changing abundance. 
The slope is accessible to the cattle grazing in the valley. From this slope originates the analysis 
in Table 8, no. 13, which has been made near the foot of the slope, some three metres 
above the bottom of the valley. Farther up the vegetation is characterized by a drier soil, 
with more specimens of Festuca ovina, Thymus serpyllum, perhaps more specimens of
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Poterium and distinctly less Polygala amarella. Besides Barbilla fallax brevifolia is abundant, 
and there are sporadic individuals of Weisia cfr. microstoma (sterile) and Thuidium 
abietinum.

17. Vejgaard-Nr. Tranders and Dybdal near Aalborg. Round the church of Nr. Tranders 
and north-west of it there are some dry hills rising rather high above the surrounding country. 
The soil is sandy and rather poor. Near the church the natural vegetation is now in part 
spoiled by planting of spruce and digging of gravel. One of the finest features here is an east
facing slope at the wall of the churchyard. Here Filipéndula hexapetala and Camplothecium 
lutescens dominate, and the vegetation poor in species e. g. include Visearía vulgaris, Artemisia 
campestris, Avena pratensis, Carex arenaria, Sedum acre, and Phleum nodosum. In other 
places near the church we found Pulsatilla pratensis, Alyssum alyssoides, Galium boreale and 
pumilum.

The small steep hill Rævebakke near Vejgaard is more interesting. This particularly 
applies to the plateau above, which is not very much influenced by civilization. On the part 
of the plateau sloping a little towards the south-west the ground in July is yellow with dominant 
Genista tinctoria together with Potentilla argéntea (Table 7, no. 14). Nowhere else Genista 
tinctoria was found in quite a corresponding way. It is true that approaches to this occurred 
(see p. 22), but in such cases the bottom was always more oligotrophic, the dyers’ broom thus 
being forced back by the heather. On the northern exposure Genista tinctoria was practically 
missing.

According to our plans Dybdal near Aalborg (at Rørdal) was also to have been examined 
closely. This, however, was impossible because of German military barriers. So we applied 
to Martin Hansen, schoolmaster, of Aalborg, who has described the flora of several chalk 
pits round the town (Martin Hansen 1942), asking him, if possible, to oiler a description of 
Dybdal. The following text is exclusively based on Martin Hansen’s MS.

Dybdal is a V-shaped glacial valley of about a mile’s length with a mainly east-west 
course. The sides are fairly steep. The soil consists of white chalk overlain by a mostly thin 
layer of moraine deposits and vegetable mould. The sides of the valley to a great extent have 
been planted with Norway spruce or deciduous trees. At the fringe of the plantation amongst 
others the following species are found: Galium mollugo, aparine and boreale, Torilis japónica, 
and Anthriscus Silvester. In glades on the sunny side and in a fire lane amongst others the 
species Pimpinella saxijraga, Carlina, Plantago media, Campanula glomerata occur. In the 
plantation a spot of Inula salicina is being shaded to death by tall spruce; here, among inter
esting species, is also Polygonatum officinale. Where the slope of the valley on top borders on 
cultivated soil, there are some specimens of Veronica spicata, which are being quelled by the 
tall grass.

The most interesting end of Dybdal is that at which the valley turns north-east towards 
Rørdal. The sides here are unplanted. The only tree growth on the side sloping towards the 
south-east is a couple of wild apple-trees and shrubs of rose and sloe. A conspicuous feature 
is the large number of tufts of Geranium sanguineum, which is very sparsely represented on 
the opposite side of the valley. Other species in the tall grass are Campanula persici/olia, 
Verbascum nigrum, Allium vineale and rather large spots with Rubus caesius.

While the south-east slope must have formed the sheltered side in the glacial stream 
and the chalk therefore here is covered with heavier layers of sand, the opposite eroded slope 
is steeper, and here the chalky soil is bare or covered with a thin layer of mould only. This 
slope facing north-east several years ago exhibited Prunella grandiflora. In spite of repeated 
search, once together with the first finder of it, Martin Hansen has not found this rarity 
in recent years, but he states that near the foot of the slope there are some specimens probably 
of the hybrid Prunella vulgaris X grandiflora. Origanum vulgare, which is rare in this neigh
bourhood, and Brachypodium pinnatum grow on the same slope.
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Curiously enough such species as Koeleria pijramidata, Cineraria integrifolia, and Silene 
nutans are not found in Dybdal near Aalborg1.

1 After we had finished our MS. we got, because of the termination of the war, an opportunity of 
visiting Dybdal ourselves. As a supplement of Martin Hansen’s description it may be mentioned that the 
slope facing east is covered with a dense high perennial vegetation, which is physiognomically dominated 
by Centaurea scabiosa and jacea, Agrimonia eupatorio, Senecio facobaea, but the most abundant plant of 
which no doubt is Rubus caesius. Further we here noted the following species: Ononis repens, Knautia, 
Heracleum sphondylium, Daucus carota, Anlhriscus Silvester, Campanula rotundifolia, glomerata, rapun- 
culoides, and persicifolia, Viola hirta, Plantago media, Verbascum nigrum, Geranium sanguineum, Hypericum 
perforatum, Sanguisorba minor, Ranunculus acer and repens, Poa pratensis and compressa, Agrostis gigantea, 
Avena elatior, Dactylis, Pseudoscleropodium purum, Eurhynchium sivatzii, and Fissidens taxifolius.

On the slope facing west there is a luxuriant Origanum-Geranium sanguineum vegetation with large 
spots of Brachypodium pinnatum (Table 3, no. 5) or interrupted by an almost quite pure Bracluypodium 
pinnatum vegetation. The soil perhaps was somewhat more calcareous under these spots of grass. We, too, 
tried to find Prunella grandiflora, but in vain.

18. The chalk slopes at Gudumholm. Wiinstedt (1922, 1938) in two reports on ex
cursions has described the flora of this interesting locality. The slope is a steep east-facing 
erosion slope from the period of the Lit orina sea. Below it appears as a pure chalk slope 
with a sparse pioneer flora. In other places the steep screes of chalk gravel are covered with 
an Echium vegetation similar to that from Voxlcv formerly described. An analysis of such 
an Echium sociation with scattered specimens of Reseda tuteóla is found in Table 5, no. 17. 
Among other vegetations, which may probably be considered stages in the overgrowing of 
the slope, there is a rather uniform Avena elatior sociation, here growing in pure chalk, and 
a Poa compressa sociation, often with Hieracium auricula. Nearer to the crest of the slope 
there are some almost quite stabilized patches of vegetation; here e. g. Avena pratensis 
dominates (Table 5, no. 6).

The sociologically most interesting places are without doubt the short V-shaped ravines 
running across the longitudinal direction of the slope. In dry places, i. e. on the slopes facing 
south-east, there are various communities rich in Sanguisorba minor (see Table 5, nos 4—5), 
in which such species as Linum catharticum and Cladonia subrangiformis abound together. The 
slope facing north-east (Table 8, no. 4) has a denser vegetation richer in grass. The analysis 
was made on the slope opposite to one of the southeast-facing slopes analyzed (Table 5, 
no. 4). Linum catharticum, which otherwise as a rule is most prominent on northern exposures 
(see Böcher 1945), only covers 40 per cent., while it covers 90 per cent, on the side facing 
south-east. This is probably due to the reduced competition on the drier side (Total covering 
95 per cent, as against 100 per cent, on the north-east exposure) and the higher capacity of 
chalky soil to retain water.

19. Kærlingcbjerg. This 37 m. high slope in the Litorina sea stood out as a headland. 
From here there is a splendid view of the former marine area, which is now filled up by the 
largest raised bog of Denmark but one, the Lille Vildmose (Figs. 1 and 10). A few steps from 
the foot of the chalky slope some exhaustion of the soil is already evident and at a distance 
of 250 metres from the slope the lagg zone of the bog begins. Large parts of the slope constitute 
a loose scree of limestone, partly with flakes of sliding-down grass mats from the coherent 
vegetation at the crest of the slope (Fig. 10), partly with various pioneer sociations in the 
loose material. A Ranunculus repens sociation on the east-facing scree is particularly im
portant. On a north-east exposure there are two stages. The Echium sociation mentioned from 
other localities occurs on very loose material and seems to be succeeded by a Festuca rubra- 
Ranunculus acer-IIieracium pilosella-Camptothecium-Thuidium abietinum sociation.

The place where the slope turns to the north-west is particularly interesting; it offers 
a good example of the influence of exposure. While on the east-facing slope (Fig. 10 in the 
foreground) there is a flora influenced by drought and with Sedum acre and therophytes (see 
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Table 5, no. 7), the slope facing north-east is covered with a dense Koeleria pyramidata-Briza- 
Festuca ovina-Ctenidium molluscum sociation, in which amongst others the calcicolous lichen 
Cladonia subrangiformis enters, as also Pulsatilla vulgaris, Campanula glomerata and others 
(Table 8, no. 5). In another place the slope facing north-east is covered with a dense Briza- 
Avena pralensis-Festuca rubra-Medicago lupulina sociation, in which amongst others some 
scattered Cineraria integrifolia, Campanula persicifolia, and Primula veris.

As usual there is at the top a thin sandy layer with a particular flora. Thymus serpy Hum, 
Artemisia campestris, and Phleum phleoides are more or less closely connected with the sand.

Fig. 9. South-facing chalky slope near Smidie. 
In the foreground pioneer vegetation of Senecio 
jacobaea. In the background a Sanguisorba minor 
sociation on the slope and the Vildmose. T.’W. B.

phot. 1943.

Fig. 10. Kærlingebjerg with the Vildmose in the 
background. In the foreground an Avena pratensis- 
Koeleria-Sedum acre-Camptothecium sociation. At 
the foot of the slope a herd of Jutlandish horses. 

T. W. B. phot. 1943.

20. Slopes and heights east of Sdr. Kongerslev. This locality has been discussed in some 
detail by Böcher (1944), and hence we may here content ourselves with a summary mention. 
In a small valley running transversely to the coastal slope of the Litorina Period (cf. Fig. 1) 
there are scrubs of Cornus sanguinea, Rhamnus cathartica, Prunus spinosa, Crataegus monogyna 
and oxyacantha, Euonymus europaea, Sambucus nigra, and Rosa canina.

On the floor of the scrubs there are some Convallaria majalis or Convallaria-Paris quadri- 
folia sociations and an abundance of Anomodon viticulosus. On the ground and on branches 
and twigs we further in the scrub on the western side of the valley noted the following crypto
gams: Pseudoscleropodium purum, Ctenidium molluscum, Thuidium abietinum and philiberti, 
Camptothecium lutescens, Homalia trichomanoides, Campylium hispidulum var. sommerfeltii, 
Homomallium incurvatum, Eurhynchium sivartzii, Orthotrichum stramineum and octoblephare, 
Frullania dilatata, Radula complánala, and, at the edge of the scrub on dug-out chalk, Junger- 
mania badensis. On the twigs we observed the lichens Xanthoria parietina, rather black from 
the imperfect fungus Coniosporium physciae, further Physcia ascendens and leptalea, and the 
crustaceous lichens Lecidea olivácea, Lecanora carpinea and Caloplaca cerina. Physcia orbi
cularis var. virella and Xanthoria parietina were found at the base of the trunks. Among
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the Phanerogams Campanula trachelium and Clinopodium vulgare are found in the fringe of 
the scrub. Outside the scrub on the side facing south-west there is a dry chalky slope with a 
Sanguisorba minor sociation (Table 5, no. 1), while outside the scrub on the opposite side 
there are three different sociations. First, a Convallaria sociation exposed to the light (Table 8, 
no. 8) with Polygonatum of ficinale; next, two grass vegetations of great density and with an 
abundance of species, one of which (Table 8, no. 6) is situated on drier soil than the other 
(Table 8, no. 7) and contains Pulsatilla vulgaris abundantly.

The dry top rising east of the valley has an essentially different vegetation, which is 
due to a depositing of a layer of sand above the chalk. There is here an Anthyllis sociation 
on previously cultivated terrain and a Phleum phleoides-Sedum acre sociation (Cladonia sub- 
rangiformisV) on the south-facing side of an ancient barrow. The other top, which is west of 
the valley, is quite yellow with a vigorous Anthémis tinctoria sociation. The area has been 
ploughed. There were two stages: In the first stage Anthémis was very vigorous and the soil 
was not covered with moss. The chief plants here were Echium vulgare (see Plate IV, Fig. 2,) 
Daucus carota, Chrysanthemum leucanthemum, Reseda lutea, Phleum nodosum, Poa compressa, 
Ranunculus repens, and Bryum argenteum. The later stage, with moss covering the ground, 
besides by Anthémis was dominated by Anthyllis vulneraria, Ranunculus repens, Centaurea 
scabiosa, and Campylium chrysophyllum; amongst other mosses may be mentioned Euryn- 
chium swartzii, Camplothecium lutescens, Barbula unguiculata and fallax var. brevifolia, and 
Pottia lanceolata. Besides, various ploughed spots exhibited different floras: in some places 
Daucus carota dominated, in others Chrysanthemum leucanthemum. On minor spots Matricaria 
inodora or Alyssum alyssoides were dominant. From the list of the flora we may further 
mention Verbascum nigrum, Sonchus asper, Carduus crispus, Senecio vernalis and jacobaea, 
Malva silvestris, Calamintha acinos, Leontodón aulumnalis, Potcntilla reptans, and Medicago 
lupulina.

21. The south-facing slope at Smidie. South of the Kongerslev locality there were 
formerly two islands. On one, where Kongstedlund is now situated, there is in and round 
a chalk pit on the south-facing slope a vigorous and abundant growth of Papaver rhoeas, 
Campanula trachelium, Daucus, Senecio jacobaea and others, and at the road an unusually 
luxurious growth of Conium maculatura.

The southern island at Smidie is more interesting. This particularly applies to the chalk 
slope on the southern side (see Fig. 9). The loose scree is dominated by Senecio jacobaea, 
Sanguisorba minor, and Daucus. Here there are also scattered specimens of Cineraria integri- 
folia. Where the carpet of vegetation is stabilized, there is farthest west an Avena pralensis- 
Arabis hirsuta-Onobrychis viciifolia-Camptothecium-Thuidium abietinum sociation (Table 5, 
no. 3); farther east a Sanguisorba minor sociation (Table 5, no. 2) dominates over a wide area.

The analysis was made on the 3rd of July 1943, a day with a cool north wind and clear 
sunshine. At the top of the slope to windward the thermometer at 14.30 showed 20° C. In 
the layer of herbs on the south-facing slope shaded by the vegetation the temperature was 
31° C., and in a dense tussock of grass 41° C. Under dry grass near the ground we measured 
50° C. and a little below the sunlit surface of the soil 53° C. Finally, at a depth of 5 cm. below 
the surface the temperature was 30° C.

The chalk here, too, was overlain by sand. The Sanguisorba sociation on top of the 
slope suddenly, on a sandy slope, changes into a Phleum phleoides-Artemisia campestris- 
Hieracium pilosella sociation, in which Avena pratensis, Sedum acre, Calamintha, Centaurea 
jacea, Dactylis, and Achillea millefolium are frequent. North-west of the chalk slope the 
layer of sand is thicker. Here the slopes are quite yellow with tussocks of Sedum acre, and 
the level sand-field areas on the plateau on top are dominated by Avena pratensis, Festuca 
ovina, and Galium verum, and Pimpinella saxífraga, Visearía vulgaris, and Dianthus deltoides 
are frequent.

1). Kgl. Danske Vidensk. Selskab, Biol. Skrifter, IV, 3. 4
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22. The hilly terrain between Svanfolk and Bæluin. This very undulating terrain consists 
of poor diluvial sand, and hence large parts of it is covered with heather. The heath on the 
hills, however, is not the characteristic vegetation of heath hills as developed e. g. on Ræbild 
Bakker. It bears a stamp of being younger, and at any rate the soil seems to be richer, for 
it exhibits a number of herbs more or less foreign to heath. North-east of Bælum we may, 
e. g. at the transition between heather and grass, find Artemisia campestris, Visearía, Chry
santhemum leucanthemum, Galium verum, Hypericum perforatum, Genista tinctoria, and Pulsa
tilla vulgaris. Empetrum nigrum and species of Vaccinium are missing in the south-facing 
heath, while such species as Deschampsia flexuosa, Genista tinctoria, G. anglica, Hypochoeris 
macúlala, Antennaria dioeca, Luzula multiflora, Festuca rubra, Carex ericelorum, and Hieracium 
umbellatum are frequent.

A particularly good illustration of the transition from dry grass vegetation to heath is 
found in Table 7, no. 13. It originates from a hilltop immediately east of Bothule Bridge. 
The heather here, in spite of a great density of shoots, is not very prominent compared with 
the two species of broom, the grass, and the herbs. Here, too, Pulsatilla vulgaris occurs.

The same transitional vegetation may be modified in various ways. On a high hilltop 
a little farther north and west of Spamollevad Bridge there is a more humid type on a north
east-facing slope. Physiognomically the place is dominated by grasses, Genista tinctoria, and 
Rumex acetosa (Table 8 no. 22). Apart from Genista tinctoria the vegetation may be used as an 
example of the usual oligotrophic half-humid pasture vegetation of the tract. This and a more 
dry type poor in species (Deschampsia flexuosa-Agrostis sociation) form spots in the heath on 
the hills east of Svanfolk. Here there are also sandy grass-fields with rather a peculiar flora. In a 
carpet chiefly of Dactylis, Jasione, Rumex acetosella, with some specimens of Trifolium repens 
and campestre, Agrostis tenuis, Campanula rotundifolia, and Hieracium pilosella there is an 
abundance of Hemiaria glabra, Artemisia campestris, Arenaria serpyllifolia, Trifolium arvense, 
and scattered specimens of Trifolium striatum, Calamintha acinos, and Erigeron acer.

23. Lille Brondmn. This village is situated high. West of the village there is a steep grass- 
covered slope down towards a small erosion valley. The area is grazed and the vegetation 
is greatly influenced by this. The soil consists of sand mixed with clay. The grass carpet 
consists of Cynosurus, Anthoxanthum, Desch. flexuosa, Agrostis tenuis, and Poa pratensis, 
Briza, Phleum nodosum, and Holcus lanatus. Important herbs are Rumex acetosa, Hypochoeris 
radicata, Pimpinella saxífraga, Plantago lanceolata, Cerastium caespitosum, Stellaria gramínea, 
Achillea millefolium, Trifolium repens, T. medium, and Hypericum maculatum, a typical pasture 
vegetation.

A small hillside with a sand-pit is more interesting. The place is called “Bjerget” (the 
mountain) and is situated east of the village with a wide view of the Vildmose towards the 
former island Tofte Bøge. The soil is poor, gravelly or sandy. The vegetation consists partly 
of a Pulsatilla vulgaris sand-alvar rather poor in species (Table 7, no. 10), partly of vegetations 
related to “grey dunes”. Such vegetations have made their appearance on the sides of the 
sand-pit. The dry south-east side of the pit is dominated by Corynephorus (Table 7, no. 12). 
On the south-east slope there is a lichen heath with Pulsatilla vulgaris (Table 7, no. 11), while 
the north-facing slope is dominated by Agrostis tenuis.

A little farther east we find the sea slope from the Litorina Period. This is here wooded, 
as in the “island” near Gudumlund. Only a minor area was fairly recently ridded of the tall 
trees. Here there is scrub of hazel, hawthorn, spindle-tree, sloe, and rose, and various com
munities of perennials and grass, which are characterized by the fortuitousness distinguishing 
early stages of succession. Agropyrum repens, Avena elatior, Dactylis, Urtica dioeca, and Hy
pericum maculatum form various sociations, in which enter such species as Heracleum sphon- 
dylium, Melandrium album, M. dioecum X album, Stachys silvaticus, Campanula trachelium, 
Anthriscus Silvester, Rumex crispus, Artemisia vulgaris, and Holcus mollis and lanata.
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24. Mulbjergene near the Kattegat. Near the fishing-village Dokkedal a long row of 
hills rise above the flat country, which was formerly sea-bottom. The former island Muld- 
bjergcne has erosion slopes both towards the east and towards the west. The east-facing slopes 
are the highest by far (Plate I, Fig. 2), rising to a height of about 50 m. above sea-level. On 
some of the slopes there is oak scrub or low mixed oak wood.

Near Dokkedal a valley cuts through the hills, the southernmost part round Gulhøj 
thus being isolated from the large hilly area. The road through the valley is cut deep into 
drift-sand, which is also deposited east of the valley near the sea. Sand-drift has probably 
also influenced the forms of the landscape in several places on the hills. Fresh erosion is found 
here and there along the road (Fig. 
11). In a single place near this the 
soil may be studied more closely. 
Below drift-sand to a depth of half 
a metre follows clearly stratified 
glacial sand, which is often very 
calcareous. In a sample from one 
of the most calcareous layers of 
sand we measured 15 per cent. 
CaCO3 and pH 8.0. In comparison 
it may be stated that a sample 
from a depth of 20 cm. into the 
drift-sand showed 0.5 per cent. CaCO3 
and pH 7.2.

The addition of chalk in the 
lower strata of the soil is beautifully 
reflected in the vegetation. On the 
slope seen in Fig. 11 the chalk thus 
is much in evidence in the lowest 
section. Here the surface of the soil 
showed 0.1 per cent. CaCO3 (pH 7.2) 
and the percentage at a depth of 
20 cm. was 1.1 (pH 7.3). The vege
tation is characterized by a bottom

Fig. 11. South-facing slope east of Dokkedal, cf. Table 7, 
no. 8. The bright spots in the foreground are cushions of 
Sedum acre. Ammophila arenaria is seen farther back. T. W. B. 

phot. 1943.

layer consisting of Thuidium abietinum and Cladonia
subrangiformis (see Table 5, no. 15). Above this vegetation there is another vegetation (Table 7, 
no. 8; pH 6.0) on slightly acid more arid soil, which proved to contain only traces of chalk. 
Here Rhacomitrium canescens and Cladonia jurcata dominate in the bottom layer. In the
height of summer it is dominated by Sedum acre and Thymus serpyllum. It is best compared 
with dune vegetations on Skallingen (Iversen 1936) and near Rørvig (Böcher 1945) with 
abundant Thymus. In particularly dry places the vegetation becomes still richer in lichens 
and looks like a grey Cladonia dune. Cladonia furcata and rangijormis dominate here (Table 
7, no. 7).

On top of the hills above the valley side facing south the vegetation becomes poorer 
at the same time as the soil becomes more acid. From this area originate the analysis Table 7,
no. 6 (a Festuca ovina-Thymus-Pulsatilla pratensis-Hylocomium sociation) and the analysis 
Table 7, no. 9. The latter, from an Ammophila vegetation on the top of a hill, is situated on 
rather acid soil (pH 4.8). The opposite slope is not so interesting. For comparison we made a 
single analysis here, which is rendered in Table 8, no. 21. It is a dense grass-H y locomium 
sociation on acid soil (pH 5.3), in which the occurrence of Webera cruda and the chalk moss 
Mnium stellare may give rise to some wonderment.

The fine east-facing slopes (Plate I, Fig. 2) bear a vegetation quite different from the 
one found in the valley, a vigorous vegetation rich in perennials here alternates with scrub 
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of roses, sloe, juniper, oak, aspen, and hawthorn (both species). The whole picture reminds 
greatly of Sealandish sea-slope localities, and as in Sealand certain of the high perennials 
are mainly found along the fringes of the scrubs. This, e. g., applies to Galium boreale and 
Anthriscus Silvester. A border vegetation characterized by Anthriscus, about 10 steps from 
the scrub, is rendered in Table 4, no. 5. An instance of the vegetation of the tree- and bushless 
slope is seen in the same table (no. 4). It is a luxurious Geranium sanguineum slope, where 
only Avena pratensis and a few straws of Dactylis and Phleum phleoides and flowers of Cam
panula persicifolia are able to assert themselves, but which contains many species in a rather 
shaded bottom flora under Geranium sanguineum.

At the crest of the slope the bottom becomes drier, as appears from a great luxuriousness 
of Sedum acre, Artemisia campestris, and Anthyllis. In some places there is a space at the top 
sloping gently towards the east. Here the vegetation, as in the valley, takes the character 
of sand-alvar; the very dense Festuca ovina-Avena pratensis sociation is adorned with numerous 
heads of Hypochoeris maculata or of Anthyllis and Thymus as also with low individuals of 
Geranium sanguineum.

Pulsatilla pratensis was found in most of our analyses. P. vulgaris, however, was also 
found on the hillsides, and it seemed that it was particularly frequent on the poor soils at 
the tops of the hills. In several places it was seen together with small spots of heather.

25—26. Als near the Kattegat. Like Mulbjergcne the tract round Als was an island 
in the Litorina Period (see Fig. 1). The east-facing slopes on the whole are low and not very 
steep. In the highest place a gorge cuts into the slopes. In front of the mouth of the gorge 
there is a low hill. North of the gorge in the direction of the sea Als church is situated, and 
on the slopes below this two analyses were made (the place is seen in a photograph rendered 
in Danmarks Naturfredningsforenings Aarsskrift 1943—44). One analysis (Table 6, 
no. 3) [was made on a dry half-open soil on the south-facing slope of the gorge rather 
near to its mouth, the other (Table 4, no. 9) in the Avena pratensis carpet covering the whole 
east-facing slope, but close to the mouth of the gorge, which is of a special character with 
a great density of the physiognomically prominent Filipéndula hexapetala. In both analyses 
Thalictrum dunense and Phleum phleoides are important elements.

It is probable that the local luxuriousness of the vegetation in the gorge and on the 
east-facing slopes closest to it are conditioned by the dust rich in nutrition which is raised 
from the road, etc., at the bottom of the gorge. At any rate the slope vegetation north and 
south of the mouth is poorer. It is true that northwards Avena pratensis holds its own on the 
uppermost part of the slope, but it is replaced downwards by a Deschampsia flexuosa- 
Anthoxanthum sociation with an abundance of Dicranum scoparium. Southwards Avena 
pratensis is also much conspicuous as long as the slope is high; as it becomes less steep, the 
dominance changes, Festuca ovina replacing Avena pratensis. Festuca ovina at last forms 
a pasture with a few spots of heather, thyme, and reindeer-moss.

On the western side of the same Litorina island there are fine slopes at Ravnsbjerg 
(Loe. 26). Rather large areas are here covered with Geranium sanguineum, and Visearía vul
garis and Turritis glabra are abundant (see Table 4, no. 6). In another place Calamagrostis 
epigeios is dominant. Other species found here arc Prunus spinosa, Rosa sp., Rubus caesius, 
Astragalus glycyphyllus, Filipéndula hexapetala, Primula veris, Melandrium album, and 
Carex hirla.

27—28. Hadsund on the Mariagerfjord. North of the fiord (Loc. 27) few observations 
were made of interest in connexion with the vegetation of the other localities. On the hills 
west of Tygeslund there is a dry, poor grass area, where amongst other species Artemisia 
campestris and Gnaphalium arenarium are found. Considerable areas are covered with an 
Euphorbia cyparissias sociation, in which amongst others there are some specimens of Orni- 
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thopus perpusillus, which in a floristic respect does not particularly remind of the Euphorbia 
cyparissias vegetation from Rorvig in Sealand described in Böcher 1945, p. 98.

South of the flord (Loc. 28), nearly a mile south of the bridge, there is a slope facing 
WNW. with rather an interesting vegetation. At the foot of the slope the soil is less dry (a 
Briza sociation), but the steep upper part is very dry and bears a half-open vegetation on 
terraced, loose gravelly soil. The most important community is dominated by Thymus ser- 
pyllum, Hieracium pilosella, and Festuca rubra, but also includes many specimens of Anthyllis, 
Sedum acre, Tortilla ruralis, and Hypnum cupressiforme. Other species found here are Alyssum 
alyssoides, Arenaria serpyllifolia, Phleum nodosum, Artemisia campestris, Pimpinella saxífraga, 
Agrimonia eupatorio, Arabis hirsuta with a continental-subcontinental distribution, and 
Galium verum, Planlago lanceolata, Knautia, Daucus carota, Cerastium caespitosum, Ononis 
repens, Ranunculus bulbosus, and Trifolium campestre with a wide or somewhat westerly 
range. The following mosses and lichens were found: Thuidium abietinum, Camptothecium 
lutescens, Campylium chrysophyllum, Torlula subulata, Encalypta vulgaris, Barbula convoluta, 
fallax typica, unguiculata, recurviroslris, Pottia intermedia, sabuletorum, Cladonia pyxidata, 
Peltigera rufescens, and Collema sp. The pH in the soil was measured at 7.9 and the percentage 
of chalk at 1.2.

At Aamollen a little farther south there is an east-facing slope. Here, too, the soil is 
very gravelly, but also rich in limestone. Nevertheless the uppermost, 20 cm. deep layer of 
the soil is leached and slightly podsolized. The vegetation is nearly closed, a carpet of 
Deschampsia flexuosa, Agrostis tenuis, Festuca ovina, Thymus, and Hieracium pilosella, in 
which also Planlago lanceolata, Achillea millefolium, Calluna, Pimpinella saxífraga, Campanula 
rotundifolia, Anthoxanthum, Luzula campestris, Cerastium semidecandrum, Saxifraga granulata, 
Ranunculus bulbosus, Galium pumilum, Trifolium medium, Lotus, Rumex acetosa, Sieglingia 
decumbens, Camptothecium lutescens, Hylocomium splendens, and Thuidium philiberti.

29. Slope east of the cement factory Kongsdal. The large factory (established in 1874) 
is situated at the extreme end of a small peninsula north of the town of Assens. East of the 
factory there is a grassy slope facing NNE. The steepest places only show an inclination of 
some 30 degrees. They are covered with the relatively most luxurious vegetation. Here an 
analysis of the lower section of the slope was made (Table 8, no. 16). This is a typical grass 
slope rich in species, in the height of summer physiognomically characterized by Leontodón 
hispidus. Among the dominants there are numerous widely distributed meadow-plants.

30. The old chalk-pits north of Fladbjerg. On the west side of the peninsula the tip of 
which is occupied by the cement factories Dania and Cimbria, there is a pasture area half 
a mile long, in part grown with scrubs, and set with overgrown chalk-pits originating from 
the time of Christian III, Frederick II, and Christian IV (the middle of the 16th to the middle 
of the 17th cent.). In Dahlerup’s Beskrivelse af Mariager Klosters og Bys Historie 
[Description of the history of the monastery and town of Mariager] (1882, pp. 110—114) the 
great importance of lime-burning to Mariager and its surroundings is mentioned. During the 
reigns of the kings mentioned there were rather considerable exports of lime besides supplies 
to the surrounding country. Fuel for the lime-burning was provided from the surrounding 
woods, which gradually were cut down so that the lime-burning had to be given up. After 
1708 it had practically ceased.

The growth of shrubs in the areas with the old chalk-pits consists of Crataegus oxya- 
canlha and monogyna, Prunus spinosa, Rhamnus cathartica, Rosa canina, Cornus sanguínea, 
and Juniperus communis, chiefly prickly shrubs, which now and then unite into dense scrubs, 
where a single beech, ash, or elm has risen in the air defended against the cattle by the thorns. 
Under the shrubs there may be a vegetation of Hederá helix, Geranium robertianum, or Anom- 
odon viticulosus. Between shrubs and fragments of scrub there is grassland, if anything, a varied 
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rich pasture flora. In the pits the southern exposures may be characterized by Thymus ser- 
pyllum, Ononis repens, and Chrysanthemum leucanthemum, while the northern exposures ex
hibit Primula veris, Prunella vulgaris, and Fragaria vesca. The pasture vegetation is found 
both on the original flat part above the low coastal slope and on this slope. Here the flora, 
however, is of a somewhat different character, a species like Cineraria infegrifolia entering the 
vegetation (see the instance in Table 8, no. 11).

In the southermost part of the terrain a valley running west-east cuts in right from 
the flord. Transversely to the north- and south-facing slopes there is a number of very small 
ridges with interjacent hollows. These are artificial, having arisen by the former digging of 
lime just mentioned. On the ridges there is a very interesting vegetation, which differs from 
that already mentioned by being situated on a less calcareous soil. Originally there was a 
sandy, gravelly cover over the calcareous soil. Where this cover has been preserved there 
is an approach to a sandy dry-slope with Calamintha acinos (and other species) on the open 
spots. The vegetation of the ridges appears from the three examples in Table 5, nos. 13—14 
and Table 4, no. 18. The first example (Table 5, no. 13) is dominated by Cladonia subrangi- 
formis and is situated on the driest soil. Then follows an Avena pratensis-Festuca ovina-Thymus- 
Camptothecium sociation (no. 14) and on the least dry soil a vegetation rich in Helianthemum 
and mosses with abundant Primula veris and further such species as Calluna, Agrostis canina, 
and Sieglingia decumbens, which indicates a certain powerty of the soil (Table 4, no. 18). The 
pH was about 6.1, and only traces of chalk were left, while there were respectively 0.8 and 
2.3 percent. CaCO3 and pH 7.4—-7.5 in the other vegetations on drier soil. The vegetation 
rich in Helianthemum was on the north side of the valley, the others on the south side and 
nearer to the fiord.

31. The edge of the wood of Hov. In the fringe of this wood, close to the fiord, there is 
an interesting zonation. On the low, steep slope there is a beech scrub; below this there is a 
fringe of juniper and then, still on the terrain slightly sloping west, we find a fringe some few 
metres broad dominated by Helianthemum nummularium (Table 4, no. 12). Finally there is 
a flat, half moist area stretching right down to the ditch along the Hadsund-Mariager road. 
Along the ditch and in the plane area we found both Pulsatilla pratensis and vulgaris. Farther 
west they dominate on minor areas. Here Anthémis tinctoria is seen along the road.

32. Slope near the limestone quarry of Mariager. On the uppermost part of the fairly 
steep coastal slope facing north-west between Petersminde and the limestone quarry and 
lime-kiln of Mariager a single analysis was made (Table 3, no. 12). The vegetation is dominated 
by Campanula persicifolia, Fragaria vesca, Viola canina, Pseudoscleropodium purum, Anom- 
odon, Camptothecium, and Homalia trichomanoides. On the lower part of the slope, which is a 
little steeper and with scattered shrubs of hawthorn and sloe, both Campanula persicifolia, 
Homalia, and Anomodon disappear. The soil here is more unsettled, with small terraces 
from slides. Tussilago farfarus makes its appearance and Ctenidium molluscum becomes more 
frequent.

33. Hodal near Hobro. The steep slopes on the sides of this valley running north-south 
bear a poor vegetation. Some rather large parts of it may be covered with Deschampsia 
flexuosa. At a curve of the valley about a mile north of Hobro there is a dry, terraced, 
and half-open slope yellow with Sedum acre. Here are small spots with Pulsatilla vulgaris 
and Veronica spicata (Table 6, no. 13). Below the steep slope follows a less steeply sloping, 
more humid area richer in nutrition and covered with a varied Briza media-Agrostis tenuis- 
Cynosurus vegetation with abundance of Cirsium acaule, Filipéndula hexapetala, Prunella, 
Potentilla reptans, Ononis repens, Trifolium pratense and dubiiim, some specimens of Campanula 
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glomerala, Lotus corniculatus, Veronica chamaedrys, Equisetum arvense, Festuca ovina, F. elatior, 
Poa pratensis, Agrimonia eupatorio, Primula veris, and Geranium dissectum.

A steep, elevated, west-facing slope near Hobro is particularly dominated by Festuca 
ovina and Galium verum and includes an abundance of Avena pratensis, Visearía vulgaris, and 
Pulsatilla vulgaris (Table 6, no. 14). Here, too, the soil was sandy and poor.

34. Iljerrisdal north-east of Hobro. The fine, in some places rather steep slopes in this 
erosion valley bear a rather oligotrophic flora. The vegetation is peculiar in many ways.

Fig. 12. South-facing slope near the water-mill in 
Hjerrisdal. In the foreground flowering Sedum bolo- 
niense, in the background juniper in oligotrophic grass 

vegetation. T. W. B. phot. 1943.

Fig. 13. The hillsides near the stamp-mill at Binde- 
rup Aa. Oligotrophic pastures and slope vegetation 
on slightly calcareous soil, cf. text p. 12. T.W. B. 

phot. 1943.

There are typically heath-like areas with bracken in rather large growths about the grass 
carpet. Heather plays a comparatively small part. On a slope facing north-west Arnica 
montana is physiognomically dominant in a Deschampsia flemosa-Agrostis canina sociation, 
in which the heath flora is represented by Vaccinium myrtillus, Genista anglica, Calluna, Hy
pericum pulchrum, and Lathyrus montana. Everywhere there are juniper shrubs and not a 
few specimens of Anemone nemorosa, see further Table 8, no. 21. The soil here is very acid 
(pH 4.2). Not far from here there is a south-facing slope of quite a different character (Fig. 12). 
From the slope there is a view of an old water-mill. The river here passes close to the slope, 
which is half-open, with small terraces and slides. The soil is gravelly and richer (pH 6.1). 
The slope shines bright yellow with dense Sedum boloniense (S. mite) (Table 6, no. 8). Sedum 
acre is neither found here nor elsewhere in the valley, which is probably due to chance. S. bolo
niense appears as quite a wild species. It probably long ago immigrated to the slope from the 
garden of the water-mill. At present it is not found there. Farther north there is another, 
south-facing slope of a somewhat more oligotrophic character (p H 5.2—5.4). The soil is very 
loose and gravelly; the vegetation covers 30 per cent, only on the upper side of the small 
terraces, but 80 per cent, on the steep sides of these. Both these half-open and a neighbouring 
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closed vegetation were analyzed (Table 6, nos. 9—10). They are distinguished by an 
abundance of lichens and mosses, thus Peltigera erumpens and Cladonia cervicornis.

IV. Plant Communities.
In the localities examined nearly a hundred analyses have been made in 

selected, particularly typical places. The placement of the various analyses in the 
terrain appears from Section III. Measurements of the hydrogen ion concentration 
of the soil (measured electrometrically) and of the content of CaCO3 of the soil 
(measured by the development of CO2 in Passon’s apparatuses, see Wiegner-Pall- 
mann 1938) arc included in all examinations. Further the total covering of the vege
tation, on a rough estimate, is stated, as also for sloping soils exposure and degree 
of inclination. The method of analysis is a simplified form of the method of frequency 
determination invented by Raunkler and later modified by Böcker (Raunkiær 
1909 and 1934 p. 201, Böcker 1935, 1943).

The figures given are degrees of frequency found by the examination of 10 circular sample 
areas within the vegetation in question, each of 0.1 m2. A statement that a certain species has 
the frequency 3 means that it has been found in 3 out of the 10 sample areas. For species 
with a frequency of 6—10 a figure is further added which denotes the frequency found with 
use of a smaller circle concentrical with the circle of 0.1 m2, but with a radius only one 
fourth of [the larger circle, thus with an area of about 0.006 m2. In practice a stick is used, 
with a metal radius fixed to it. The stick is planted in the vegetation, and by moving 
the radius it is found, which plants are growing inside the circle (see Fig. 2 in Böcher 1935). 
In the tables a plus denotes that the species enters in the vegetation, but was not found in 
any of the sample areas. A note of exclamation after a rather low frequency value denotes 
physiognomical dominance.

The pH of the calcareous soils is rarely higher than 7.4. As it might be imagined 
that the kinhydrone method was less exact in analyses of such soils, we made colori
metrical determinations of five typical calcareous soils. As appears from Table 1, 
the difference between values measured electrometrically and values measured colori- 
metrically was not great, and at any rale there seems to be no reason to fear that the 
values found electrometrically should be too low. Tansley (1939) states the average 
pH value to be about 7.5 for the top of the soil in English chalk grassland communities.

Table 1.

Soil
Total 

carbonate 
per cent.

PH 
colori- 

metrically

pH 
electro

metrically
Difference

in pH

Voldsted, Loe. 15..................................................... 70 7.1 7.3 0.2
Gudumholm, Loe. 18............................................... 41 7.1 7.3 0.2
Blaakilde, Loe. 13...................................................... 74 7.2 7.4 0.2
Kongerslev, Loe. 20................................................. 65 7.2 7.3 0.1
Norholm, Loe. 11 ..................................................... 16 7.3 7.4 0.1
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The following communities have been defined floristically-phytogeographically. 
A number of geographical guiding species playing a decisive part at the classi
fication have been selected. These species have been mentioned separately for each 
community. In the Tables all species have been classified according to geographical 
distribution. Fair-sized groups have been separated out, such as continental-sub
continental, oceanic-suboceanic, and indifferent-widely distributed species, but we 
have not gone into detail as regards the distribution of individual species. See further 
Böcher 1943 and 1945.

A. Beech Wood near Buderupholm.
(Open beech wood with boreal- or montane-continental species.)

As an introduction to the fully illuminated communities we shall mention the 
vegetation of the lady’s-slipper orchid locality at Buderupholm. As stated in the 
preceding section (p. 15) the wood is here set with numerous narrow glades and 
a single fairly broad one. The wood stands on a cool north-west sloping hillside, and 
the soil is calcareous and not dry. Conditions thus remind of those found on numerous 
illuminated north-facing slopes, but an important difference is that the humidity of the 
air probably is somewhat higher in the lady’s-slipper orchid locality, where also the 
effect of shadow is felt considerably. Our four analyses from the locality (Table 2) 
are thus arranged that the most fully illuminated vegetation is on the left and that 
most shaded on the right. Among the species there is a number with boreal, rather 
northern or montane and also more or less continental distribution (Calamagrostis 
arundinacea, Cypripedium calceolus, Carex digitata, C. montana, Vaccinium vitis idaea, 
and Piróla secunda), others with boreal-montane, non-conlinental distribution (Vac- 
cinium myrtillus, Rubus saxatilis, Geranium silvaticum, Ctenidium molluscum). Only 
two species of phanerogams (Hederá helix and, only just, Fagus silvático) are sub- 
oceanic, but there are several hygric-oceanic mosses (e. g. Hylocomium loreum). One 
species only is fairly southern (Stellaria holostea). The boreal-montane element of 
the flora seems to characterize the vegetation very well, but an insertion of it in a 
regional phytogeographical vegetational group meets with certain difficulties, as there 
does not to our knowledge exist analyses from similar localities in the other Scandi
navian countries. Lady’s-slipper orchid is reported from copses and lövängar 
(meadow surrounded by hazel, ash, etc.) in Sweden, which does not amount to very 
much. In Germany it is most frequent on montane, calcareous localities, where it 
is often found on partly illuminated soil together with other orchids (Hegi). The com
munities in which it enters very much resemble the vegetation described by Meusel 
(1939) under the name of “Buchenheidewald”, which in Central Europe has developed 
on northern exposures and contains some species from the illuminated Seslerietum and 
further some boreal-montane woody plants. Important points of similarity with our 
Jutlandish vegetation is the abundance of Convallaria majalis, Anemone hepático, 
Rubus saxatilis, Hylocomium triquetrum and splendens and the rather frequent occur-
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Table 2.

Analysis no  
Locality no .................
Exposure  
Slope  
pH at top of soil  
pH at a depth of 15 cm  
CaCO3, percentage at top of soil  
CaCO3, percentage at a depth of 15 cm  
Density of species  
Number of species ......................
Total covering in per cent

1. Calamagrostis arundinacea.......................................
Carex digitata.............................................................

— montana............................................................
Cypripedium calceolus...............................................
Vaccinium vitis idaea...............................

— myrtillus *...............................................
Piróla secunda  
Geranium silvaticum *  
Rubus saxatilis* 

2. Mélica nutans  
Poa angustifolia  
Cephalanthera rubra  
Con vallaría maj alis  
Myosotis silvática  
Heracleum sibiricum  
Rhamnus catharticus  
Hypericum maculatum  
Anemone hepática

3. Hederá helix  
Fagus silvática

4. Agropyrum caninum  
Poa nemoralis  
Luzula pilosa  
Lactuca muralis  
Hieracium vulgatum  
Aspcrula odorata  
Sanícula europaea  
Frángula alnus  
Viola riviniana  
Oxalis acetosella  
Anemone nemorosa

5. Festuca rubra  
Dactylis glomerata  
Poa pratensis  
Briza media
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Table 2 (continued).

Analysis no  
Locality no........................................................................
Exposure  
Slope  
pH at top of soil1  
pH at a depth of 15 cm  
CaCO3, percentage a top a soil  
CaCO3, percentage at a depth of 15 cm  
Density of species  
Number of species  
Total covering in per cent

Carex flacca  
Taraxacum sp  
Chrysanthemum leucanthemum -,..............
Knautia arvensis  
Galium pumilum  
Veronica officinalis

— chamaedrys  
Vicia cracca  
Fragaria vesca  
Potentilla erecta  
Rosa sp  
Linum catharticum  
Juniperus communis

6. Hylocomium schreberi
—• splendens ....................................
— loreum*
— triquetrum

Ctenidium molluscum  
Eurhynchium striatum  
Pseudoscleropodium purum *  
Thuidium tamariscinum *  
Neckera complanata  
Fissidens adiantoides ...........................................
Dicranum scoparium  
Rhodobryum roseurn  
Mnium cuspidatum (L.) Neck, ñeque Hedw. . . . 
Frullania tainarisci*  
Lophocolea bicuspidata  
Plagiochila asplenioides

7. Cladonia impexa
— fimbriata

Peltigera malacea

Groups of species: (1) Montane or boreal continental (subcontinental) species. Boreal non-continental 
species are marked with an asterisk. — (2) Other continental (subcontinental) species. — (3) Suboceanic 
species. — (4) Widely ranging indifferent woodland plants. — (5) Widely ranging indifferent species, not par
ticularly connected with woods. —(6) Bryophytes (those marked with an asterisk are oceanic). —(7) Lichens. 
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rence of such species as Carex flacca, C. montana, C. digitata, Cephalanthera rubra, 
Piróla secunda, and Hederá helix. It will be an interesting task to search for similar 
communities in Norway and Sweden. In Denmark there are numerous places in the 
wood on the cliff of Møn which also approach the concept of “Buchenheidewald”, 
although the boreal-montane element is not so much in evidence as at Buderupholm. 
In England there are ecologically related types of vegetation, some of which perhaps 
belong to the same regional group of vegetation, cf. e. g. Tansley’s description of 
the Fagetum calcicolum.

B. Communities Belonging to the Wood-Steppe Group.
The series of communities to be discussed in this section are connected with 

light woods or edges of woods with a flora of an essentially different character. These 
are illuminated communities more characterized by drought and containing species 
which are good representatives of the so-called wood-steppes (the relatively northern 
dense steppes rich in perennials, which are often found surrounded by scrub or light 
wood). These are particularly found in Eastern and Central Europe. There are 
descriptions of corresponding forms of vegetation from Sealand and Mön (Böcher 
1945, 1946).

In Himmerland the chief geographical guiding species of this group are: 
Geranium sanguineum, Campanula persicifolia, Filipéndula hexapetala, Viola hirta, and 
the somewhat rarer species Fragaria viridis, Polygonatum officinale, Brachypodium 
pinnatum, Inula salicina, Campanula glomerata, and Origanum vulgare.

There are two lloristically and ecologically distinct main types. One is found 
on calcareous, often north-facing slopes and shows a clear relationship with the group 
of the widely distributed boreal-montane meadow plants (the grass-slopes p. 61), 
the other on east- and west-facing, sandy slopes and in certain respects approaches 
the communities of the steppe-alvar group. We shall first discuss the former type, as 
this approaches nearest to the vegetation on calcareous soil at Buderupholm men
tioned under A (See particularly Table 2, no. 1).

The Brachypodium pinnatum-Inula salicina Type.
This type was only found on the Klithus slopes (Loc. 10) and al Aalborg 

(Loc. 17). In Table 3, where the analyses are listed (nos. 5—12) we have, however, 
included a mossy Campanula persicifolia sociation from the neighbourhood of Mariager 
(no. 14) and a vegetation with frequent occurrence of Crépis praemorsa from Skindbjerg 
(no. 13). In spite of all these vegetations arc floristically and ecologically closest connected 
with the Brachypodium-Inula type. The moisture-loving plants are rather frequent 
in comparison with the following type, and the plants preferring a dry soil are scarce. 
Another characteristic feature is the dominance of mosses in the understorey: lichens 
are missing almost completely. The vegetation clearly reminds of grass-slopes on 
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chalky or clayey soil (Table 8). The grass-slopes, however, differ by their greater 
abundance of mosses (particularly Ctenidium molluscum), a higher frequency of 
meadow plants and want or reduction of species of the wood-steppe (e. g. Campanula 
p er sicifolia). The transition, however, is quite smooth: the Convallaria-Polygonatum 
of/icinale-Ctenidium sociation (Table 8, no. 8) may with equal right be referred to 
the community of the wood-steppe and to the grass-slopes. A species like Carex flacca 
is common to the Brachypodium-Inula type, the grass-slope, and the vegetation on 
the most illuminated part of the Cypripedium locality (Table 2, no. 1).

The six analyses Table 3, nos. 7—12 show some remarkable mutual differences. 
The first two with Brachypodium pinnatum as dominant have a flora suggesting a 
greater aridity than the last three, which as regards number and density of species 
approach nearest to the grass-slopes. A special position is held by the spot dominated 
by Crépis praemorsa (no. 8 and Plate III, Fig. 1), where the great density of shoots 
of this species causes decrease of a number of other species. Brachypodium pinnatum, 
which is most frequent in the somewhat drier places, may also occur as dominant 
on west-facing slopes (Table 3, no. 5) or even south-facing slopes, but here on the 
lower, somewhat more humid part of the slope (Table 3, no. 6).

In Table 3 we have also included the Avena elatior or Festuca rubra sociations 
at Klithus and Norholm (nos. 1—3, cf. p. 13), considered as stages in a succession, 
further (no. 4) the vegetation characterized by high perennials (Heracleum sphon
dylium, Centaurea scabiosa) on the upper part of the Norholm slope (Fig. 7). Heracleum 
sphondylium is a western species and there are practically no wood-steppe species. 
The vegetation probably is a transitional stage between the continental and the non
continental communities rich in perennials which belong to wood-edges and open, 
not too dry places. Similar communities rich in Heracleum sphondylium are seen 
elsewhere in Jutland, thus in the western Limfjord area and at Gasbjerg in Thy. 
Heracleum sphondylium for that matter also enters in the typical woodsteppe-like 
community at Sebbersund (Table 4, Plate II, Fig. 2).

The Inula salicina sociation (no. 11) is a fairly typical wood-steppe vegetation, 
but closely attached to calcareous soil. It is found in Sealand at Klinteby and in the 
wood of Allindelille. But the Brachypodium pinnatum sociation has been found neither 
in Sealand nor Mon. Possibly this vegetation in Denmark is a North Jullandish 
specialty. In England Brachypodium pinnatum enters as dominant in the vegetation 
on hat limestone areas in Norlhhampshire (Hepburn 1942). This vegetation has 
several species in common with the Jutlandish one, but amongst other features it 
differs from it by dominance also of Bromus erectus, which, however, is chiefly found 
on somewhat drier spots than Brachypodium pinnatum. The occurrence both in 
England and on the slope at Klithuse, which in our day is completely without shrub- 
and tree-growth, shows that Brachypodium pinnatum in these regions does not belong 
exclusively to dry glades or wood-edges of a xerophilous character as in Central 
Europe. This fact, however, is far from unique. Such species as Silene nutans and 
Geranium sanguineum like Brachypodium pinnatum are used by German botanists

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. IV, 3. 5
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as guiding species for the wood-steppe. In Denmark both Geranium sanguineuin and 
Silene nutans occur in dry dune as well as in coastal field communities (the so-called 
shingle-alvar, see Böcher 1945). The phenomenon may be due to the cooler, more 
humid climate in Denmark and in the British Isles.

At a comparison with foreign vegetation our Jutlandish community seems to 
be very closely related to Meusel’s “Brachypodium pznnafum-Weiderasen”, which 
is a semi-natural vegetation developed on treeless north-facing slopes on calcareous 
soil in the west within the area under investigation. Important species are Koeleria 
pyramidata, Briza media, Carex flacca, Cirsium acaule, and Sesleria coerulea, which 
is characteristic of non-sunny sides.

The Geranium sanguineum-Filipendula hexapetala Type.
This type is found in several localities chiefly on east- and west-facing slopes. 

The soil is drier and often more acid than in the preceding type. Particularly fine 
examples are found in Loes. 4 and 24, cf. Plates I, Fig. 2 and II, Fig. 2 and Table 4, 
nos. 4 and 7. A comparison between this type and the preceding one (Tables 3 and 4) 
shows several considerable floristic differences. A remarkable feature thus is the 
complete absence of Koeleria pyramidata and the rare occurrence of Campanula 
glomerata in the Geranium-Filipendula type. Further, such plants preferring dry soil 
as Phleum phleoides and nodosum and Camptothecium lutescens here reach higher 
values. The occurrence and values of the meadow plants (Group of Species 5) show 
that within the Geranium sociations there are two subtypes, one found on more humid, 
calcareous soil (nos. 1—3) and another on drier soil, poorer in chalk (nos. 4—8).

In Table 4 two groups of sociations have been accounted for, one dominated 
by Geranium (nos. 1—8) and the other by Filipéndula hexapetala (nos. 9—11). The 
latter was found only on slightly acid sandy soil. The main ecological difference 
between the groups, however, is hardly to be sought in the chemical conditions of 
the soil, but in the degree of humidity, which must be supposed to be highest in the 
Geranium group. This also agrees with the particularly frequent occurrence of such 
xerophilous species as Carex caryophyllea, Festuca ovina, Potent illa verna, and Sedum 
acre in the Filipéndula group.

The Geranium-Filipendula type approaches very near to the Sealandish vegetation 
which has been described under the name of continental high perennial slope, and 
the floristic composition of which shows several important correspondences with wood 
steppe communities. The corresponding Himmerland community is floristically poorer, 
and the characteristic eastern species are often more scattered than in Sealand. A 
remarkable feature is the absence of Cynanchum vincetoxicum, Malva alcea, and Aspa
ragus officinalis, and the rare occurrence of Origanum vulgare. The floristic decline that 
can be ascertained may be highly due to the climate, which in Himmerland is less 
continental than in East Denmark. Conditions of the soil, however, are hardly without 
importance, the sandy soils in Jutland clearly being more acid than corresponding 
Sealandish soils, a fact which may be due to greater leaching.

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. IV, 3. 6
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Communities Ecologically and Floristically Related to Those of 
the Wood-Steppe Group.

Sociations rich in Helianthemum nummularium. It is interesting to follow this 
species from place to place. In Sealand it is not particularly selective. Here it is found 
on dry half-open sunny sides (e. g. on the slope south of Selsø), on slopes facing 
east, west, and even north, or on spots of heather on fairly poor soil. In Central 
Germany on the other hand it seems to be most frequent in communities on north
facing slopes (see Meusel 1939, pp. 109 and 234). In most places in Himmerland 
we found the sun-rose in connexion with scrub or at the edges of woods (Loes. 4, 5, 
10, 31). This connexion, indeed local, with shrub- and tree-growth, however, does 
not justify a mere reference of the sun-rose vegetations to the wood-steppe group, 
hence we have chosen to treat it apart, though connected with this group. The 
apparent difference between (he altitudes of Helianthemum nummularium in the 
various places might be most easily explained on the assumption of race-biological 
differences, but of such we have no certain knowledge.

Helianthemum nummularium appears as a dominant partly together with Geranium 
sanguineum (no. 8), partly without this species (nos. 12—13). These last analyses 
show fairly close floristic correspondences (see the figures for Achillea millefolium, 
Camptothecium lutescens, Pseudoscleropodium purum, and Thuidium philibertii). The 
number and density of species in no. 13 reaches a climax with 60 species and no 
less than 31 species per 0.1 m2.

The Carex montana-Weisia microstoma sociation (Table 4, no. 14) is also 
classified in connexion with the wood-steppe group. Carex montana is dominant e. g. 
in Polish wood-steppes on north- and east-facing slopes (Kulczynski & Motyka 1936) 
and in continental wood-edge vegetation (Scaland, see Raunkeer 1934, pp. 220—231). 
In Jutland the species is particularly known from oak scrub and certain heath hill
sides (Böcher 1943). In Table 14 it enters in a vegetation occurring on rather dry 
soil. See also its occurrence in Table 8, nos. 12 and 19.

The Chrysanthemum leucanthemum sociation (Table 4, no. 15; Plate II, Fig. 1) 
is a community influenced by civilization and belonging to half-dry soil on a sunny 
side near scrub. Genuine wood-steppe species are practically completely missing. In 
return there is an abundance of widespread meadow plants. Floristically the vegetation 
therefore approaches very near to the grass-slopes, to which group Chrysanthemum 
leucanthemum itself is also attached, e. g. in Sealand.

C. The Steppe Alvar Group and the Transition to Dry Grass-Herb 
Vegetations with Submediterranean or Suboceanic Species.

In what follows we shall try to give an account of the rather complicated complex 
of vegetations developed on dry and warm soil in Himmerland. It should be emphasized 
that the ecological investigation particularly on one point is unsatisfactory, inasmuch 
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as no analyses of the water economy in the various communities have been made. 
There is here an interesting object of future research. There are several analyses 
made by crude methods in the papers by Böcher from Sealand and Møn. These 
show that the concept of “dry soil’’ covers several degrees. Soils rich in humus or 
fine-grained are most aqueous, but need not for that reason contain greater accessible 
quantities of water than coarse-grained mineral soils. In some cases, however, they 
seem to be more humid also from the point of view of the plants. Thus when Chry
santhemum leucanthemum, as mentioned above, may grow abundantly on a warm 
sunny side, this is no doubt due to the fact that the soil is clayey, to which perhaps 
should be added the fact that it is slightly supplied with water oozing out slowly. 
Calcareous, south-facing soils in this country are chiefly found in Himmerland and 
on Høje Møn. In both places it appears that meadow plants play a fairly great part 
in the vegetational carpet, and that many plants preferring a dry soil, amongst others 
the vernal therophytes, are remarkably rare. This last feature is also found in the 
characteristic species on the steppe-alvar group (see below). Consequently the com
munities occurring on south-facing chalky slopes both floristically and ecologically 
hold a special position: They slightly approach the communities occurring on more 
humid grass-slopes facing north. Intermediary forms between these and the chalk
slope vegetation with southern exposure are found on west- and east-facing calcareous 
slopes (see Table 5, nos. 6—10).

As characteristic species within the vegetational complex treated here the fol
lowing are used :

1) For the steppe-alvar group: Phleum phleoides, Poa angustifolia, Avena pratensis, 
Artemisia campestris, Gnaphalium arenarium, Veronica spicata, and Pulsatilla pra
tensis, species of a continental distribution and connected with steppes, the Baltic 
alvar vegetations, and related dry grassland communities.

2) For the group of grass-herb vegetations with southern, in part submediterranean 
plants preferring dry soil: Festuca glauca, Calamintha acinos, Alyssum alyssoides, 
Saxifraga tridactylites, Sanguisorba minor (particularly ssp. muricata), and Cladonia 
subrangiformis. These species have a more southern than continental distribution, 
and it is even doubtful whether we may attribute a tendency towards continental 
distribution to Saxifraga tridactylites (cf. Hoff 1943).

3) For the group of grass-herb vegetations with suboceanic plants preferring dry 
soil: Corynephorus canescens, Aira praecox, Carex arenaria, Filago minima, 
Hypochoeris radicata, Jasione montana, and Teesdalia nudicaulis, species with 
their chief distribution in Corynephoreta and related communities in Western and 
Central Europe.

4) It may in future prove expedient also to operate with a group characterized by 
indifferent, non-continental or non-oceanic species. For such a group particularly 
Sedum acre, Thymus serpyllum, Bromus mollis and others might serve as a kind
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of guiding species, the chief criterion of such a group, however, being the absence 
of western, eastern and southern species preferring dry soil.

In the Himmerland communities there is a preponderance now for one, now 
for another of these groups of regional guiding species (cf. the ecogeographical types 
in Böcher 1945). The preponderance, however, is rarely very great, hence some of 
the material may be considered transitional vegetations. In the theory of regional 
vegetations such transitional communities are hardly of so great importance as the 
communities which may clearly be referred to some larger group of communities. 
But, apart from the local interest connected with them, they are of the highest value 
to ecological considerations. Particularly in transitional communities we often find 
extreme points for the occurrence of some species which is either completely absent 
or is frequent in the types of vegetation which clearly may be referred to one of the 
larger groups. Botanists using character species at the treatment of vegetations too 
frequently commit the error of disregarding the kinds of spots of vegetation containing 
an equal mixture of character species of different communities. Thus their accounts 
lose much in objectivity already at the choice of spots analyzed and we miss ecologic
ally interesting intermediate types.

The Sanguisorba minor Type.
This community has developed on south-facing, very calcareous soil. The vege

tation is never quite close and the density of species rarely exceeds 20, cf. further 
Table 5, nos. 1—5. Besides Sanguisorba minor coll., the species Koeleria pyramidata, 
Avena pratensis, Centaurea jacea, and Camptothecium lutescens are very frequent. The 
rather high figures of constancy and frequency for the species of groups 3 and 5 
are remarkable. Among the vernal therophytes only Arenaria serpyllifolia shows low 
frequencies; but Medicago lupulina, Linum catharticum, and Calamintha acinos reach 
considerable values. Among the species characteristic of the steppe-alvar group only 
there are Avena pratensis with high values and Artemisia campestris with low ones. 
As Avena pratensis, i. a. by its frequency in meadowlike communities (see Table 8), 
is the very least important of the guiding species of the steppe-alvar group, it is evident 
that the Sanguisorba minor type cannot be referred to this group.

No doubt Sanguisorba minor coll, is the species most characteristic of this type 
of vegetation. The wild subspecies of the collective species, ssp. dictyocarpa (Spach) 
Gams, in Sealand has not been found on south-facing slopes, and in Central Germany 
is most frequent in the north-facing Seslerietum (Meusel). Ssp. muricata (Spach) 
Gams, on the other hand, has in Sealand been found in dry overgrown fields near 
Rørvig (Böcher 1945, p. 98) and it has been found on south-facing calcareous slopes 
on Høje Møn. In the Jutlandish localities examined by us, as a rule both subspecies 
were present promiscuously, although one species might dominate in some places, 
the other in others. Any regularity in the distribution could not be observed and the 
morphologically typical dictyocarpa was dominant as regards frequency both on 
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southern and northern exposures near Kongerslev. Probably it is not excluded that 
the two subspecies may hybridize. If so, an interchange of genes may cause physio
logical characters from the southern subspecies muricata to be conveyed to morpho
logically pure dictyocarpa individuals, which are thus enabled to thrive on the dry 
southern exposures. Nor is it, however, precluded that Himmerland is so far north 
in the area of the species that it becomes a Sydberg (south-slope) species. Hegi 
suggests that the collective species originally was a Mediterranean plant. It should 
also be rembered that Sanguisorba minor belongs to the species whose roots strike 
deep (see the illustration in Anderson 1927 and Tansley 1939), and that this fact 
in connexion with the rather high precipitation and humidity of the air in Himmerland 
may be of importance to its occurrence on the southern exposures.

Together with other southern species such as Onobrychis viciifolia (Table 5, 
no. 3) and Calamintha, Sanguisorba minor will carry the vegetation into a group of 
communities occurring on dry warm calcareous soil and characterized by submediter
ranean species. For this group, in which amongst others the vegetation of Høvblege 
on Mon may be included (see Böcher 1946), the submediterranean rocky heath in 
Central Germany (see Meusel) perhaps may be considered a particularly typical 
representative. Also this occurs on calcareous slopes facing south and west. In England 
there are undoubtedly communities related to the Sanguisorba minor vegetation of 
Himmerland. According to Tansley (1939, p. 538) Sanguisorba minor is moderately 
exclusive, very abundant or locally dominant in the chalk grassland.

In Table 5, nos. 16 and 17 two pioneer vegetations on open chalk gravel in the 
scree are included (cf. Loes. 10 and 18). These in the case of arid slopes remind 
ecologically of the vegetation belonging to the Sanguisorba type.

The Koeleria pyramidata-Phleum nodosum Type.
A community on less dry and warm calcareous slopes, particularly such facing 

west or east, cf. Table 5, nos. 6—10. Besides Phleum nodosum the species Festuca 
elatior and Farbula unguiculata are abundant in this type, which, for that matter, 
is difficult to characterize. Undoubtedly it is most closely related to the Sanguisorba 
minor type. Common features are the Camptothecium carpet, the high constancy and 
frequency of Koeleria pyramidata, and the half-open calcareous soil.

The Phleum phleoides Type.
This vegetation (Table 6, nos. 1—5) is found on neutral slightly basic or slightly 

acid soil on dry sandy slopes, particularly on southern exposures. As appears from 
the topographical chapter it has often developed on the sandy soil which in the slopes 
overlies the calcareous soil. Of all Jullandish slope communities the Phleum phleoides 
type occurs on the loosest and driest soils. Floristically it corresponds to the open or 
nearly close continental dry-slope communities in Sealand. Here Phleum phleoides 
and Artemisia campestris in fact are the chief species. The latter is remarkably scarce 

D. Kgl. Danske Vidensk. Selskab, Biol. Skrifter. IV, 3. 7



Ta
bl

e

Nr. 35ö

co

sienuuy ||||||||||||||||XXXX||XXX|||X|X|||X | | | |

CO > IO ’l 00 »öCO 00 io O 0400 o 1 Is 1 1 1 1 1» 1 1 1 1 1 1 1 1 1 1 1" 1 1 1 1 1 1 1-^ 1 Illi

¿¿ec ¿ ¿ >> « 2
0. C &

©©©©©©©©©©©©©0©©©©©©©©©©©©0©©©©©©©©— o © CM CM CM © 00 CM CM © CM CM CM CM CM rr CM CM ©F* FF
© © © © Tf CM

CO ü m °. A t' m coc/îcouoc>t-<uoi> CM
1 +~ 1 1 1 1 14-1 1 1 1 1 1 co oo” 1 ~ 1 4- 1 1 1 Tf 4- 1 4— 1 t-N© 1 1 oo” 1 - 1 1

CM ^“ © ®. 00 LO
W m '* ° n 05 1 +- 1 1 1 1 1 ®“ 1 1 1 1 1 1 1 1 1 1 1 + 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Illi

Î r*
_ § m « ® °Ç © g 
^^coiooco-r2£ cm - 1 1 ® 1 1 1 1 1 ®” 1 1 1 1 1 1 1 1 1 1 1 « - 1 00 CM 1 ©” 1 1 1 1 1 2° 1 + l+- 1

o -t í' c A "! ^ >nCO <Z) CO lO O O -f 00 C/0 CM 1 1 2 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Illi

o
K» © ©^^-roco^oo 

COCZ)¿iO©00©¿
71 co -co

1 1 S* 1 1 1 1 1 ’ 1 1 1 - 1 1 1 1 1 « 1 " 1 1 1 +1 1 1 1 +“ 1 1 1 «? Illi

00 rr^© — CM©CO C/J T ©© © ’T OO l-<l 1 1 1 1’1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1» Illi

o m oo mçzj0OC©Ot-<COOO 1 » 1 1 1 1 1 1 1 1 1 1 « 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 ’ 1 1 1 s H 1 1

c© 00«LO®®’t'—©'"^T^r-YHOOlnr* cm o'©*cm 1 1 «o' 1 1 1 ▼-< 1 cm v-> 1 1 1 oo1 1 1 <x co | | | cm | | |cmcm| | | rC 1« 1 1

S-< <"* **r © l"*« 5 « o « 'tu u -M o *7 ~
©©©©©©©©©©©©©©©©©©©©C0©©©©©0©©©©©©©© ©-t,O0‘O,©CMCM-'TCM’t'CM CMCMCM©©CM'*CMCM X CM T CM T © -T CM © 0 0 0 0 CM CM CM

lO x a © °° ‘2 ~ CO © s’+s' 1 °° 1 10 1 1 1 ® 1 1 1 1 1 1 + 1 m ~ ™ 1 1 ~ 1 1 h* 1 1 1 Illi

m cn c œ ¡o o
CO d ó d t 2 CM

2 1 5 ~ 1 1 1 1 2 °° 1 2 1 1 1 1 1 00 1 1 1 ® 1 HI 1 00 2” 1 1 2* 1 1 -1

00 © — © © © CM -f © © CO CO © ©” i> oo” th © co 1 1 1 1 W 1 1 1 1 1 *■< 1 '* 1 1 1 » 1 «9 1 ¡¿-I |^| 1 | - 1 -1 -

CM © £ © ^. ^ ^ © g r- S, CM © CO CM „ 2" 1 2 1 1 °=” 1 2’ 1 1 1 1 1 1 1 1 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H CO CO 1

of'm®. C!'!?>©CMCZ3CO©©--ICOOO m cm
1 2” 1 1 2" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 110 1 1 1 10 1 1 1 °° Illi



Nr. 3 51

l + l I l + l l + l I I H" M ® ®" I I ~ ~ I + I +«'" I ” I I I 00 I I ® I + I ~ - I « I I I I I I I

000 0 000000000'000COQOCMrrcOCMCMQOOC'lCMCMCM-'J’COQO
00000000000000000000000000000000000000
CO C© CO O X COCMCMCDNOOOCM© O (¡0 O CM OO CM X CM

~+ I I M I I +*•« I I I I +~ 4~ | ©’o’i© I © I -f-’-1 I ® I «+I+®I I I I I I I«1 I I I I I I I

I I I 10 + I +’■’ + I 01 I ® 2 1 ® I 05 I I ^o’t'O©* I I | X | CM 00 CM | I 04 I | | | | | | | | | CM |

I o’io I I -|“C” I o’ I I I I cc’t-'x I 1^’2 I I I I I I H® H I I I® l + l I I I” I I I i I I l+-

4-0 i «041 i 1 i i i i n O I O 04 I I I I I M ©' I « I I I - I 04 ~ I I I I I I 04 O I | | | | | X |

— H+l 1^ I 1 I H 1 + r-< o‘—, CO5 CO I I | C©" | | ©* | X | I | CM | X CM

i i i i i i i i i i i i i m i ii+^i^ii + ihiiii^i^iiiiiihi + iiiiii

o” 04 I I I + I « I I I 04 I I I I I

1 1 1 1 1 1 1 1 1 1 1 1 1 1 " 1 1 1 04 -f-o” -r « — 1 1 1 — ~ 1 C? 1 -}-Ol 1 r< 1 1 1 1 1 04 04 1

1 1 1 1 1 1 1 1 - 1 1 1 - 1 - 1 1 1 | X | - | 1 1 1 1 r? 1 1 1 1 1 1 1 1 1 1 oo 1 1 04 - 1-04 1

oooooooooooooooo-r CM "O CM O CM CM 00000000000000000000000000'0 00000000000
CM CM o "* CM CM © CM O CM CM CM O o -T CM CM CM CO CO CM CM 'C CO ■+

ll-lllll«lll'’lll 1 1 l + l-1 1 1 1 1 I’ |»-+| 1.1 1" 1 1 1 l.l 1 l«+l 11l»+l

11111111 + 111" 111 1 1 1 ! Hl 1 1 1 1 ® +1 1 H 1 I « I 1 1 1 1 ~ 1 1 1 1 i x° i

I I eo 04 I I I h I I | x” | « | I I I

7*

(T
o b

e c
on

tin
ue

d)



52 Nr. 3

Ta
bl

e 6
 (co

nt
in

ue
d)

.

d



Nr. 3 53

Nl 1 HI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1

oooooocoo CM CM © CM CM Tf CM qo rf ooo©o©ooooco©©o©oo©o©oooooo 
CM CMCM'ÍI'Í,CMCMCMCM’Í'OO 00 CM ©CM CM

0^ 1 cm uw IIIINIIIIIINNINNIIIIII

1 1 1 1 1 1 Nl 11 II 111111111 1 1 1 1 1 1 1« 1 1 1 1 1 1

1 HI 1 N 1 1 1 1 1” 1 1 1 1 1 1 1 1 2 121 1 1 1” 1 1 1 1 1 1

1 1 1 1 1 1 1 2s 1 1 1 1 1 1 1 « 1O 1 1-n ©'cm -]-© 1 C? 1 CO ©" 1 -f< 1 1 1 1 1

CO ©'co CM 1 —|— 1 XO 1 1 1 1 1 N ™ 1 i i th i «r i i i o?« i i i i

CM CO 1 CO 1 -ri 1 ~ 1 HI NI 1 1 1 1 1 1 1 ++ N N 1 + 1 +++

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1» 1111111111111111111111111

ooooooooo
04 o & 04 ©©©©©©©©©C©0©C©©©©©©©©©©©00 

CM T CM CM -t* CM CM CM

1 N” 1 N 1 1 1 11111-11111111111111-1111II

. CM M 00 H 1 1 1 1 T- 1 1 1 1 1 1 1 1 1 1 1 1 N N" 1 1 1 1 1 1 1 +1 1 1

N + 1 N 1 1 1 11111111 1 1 II 1 1 1 1 1 1 1 1 1 II 1 1 1 1

1 N 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 N 1 1 1 1 I í I

1 N £ N 1 1 1 1 N 1 1 « 1 1 1 1 1 1 1 1 ® ® 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

G
ro

up
s of

 sp
ec

ie
s: (

1)
 C

on
tin

en
ta

l-s
ub

co
nt

in
en

ta
l sp

ec
ie

s; t
ho

se
 m

ar
ke

d w
ith

 an
 as

te
ris

k a
re

 esp
ec

ia
lly

 ch
ar

ac
te

ris
tic

 of
 th

e c
om

m
un

ity
 of

 th
e s

te
pp

e 
gr

ou
p.

 —
 (2

) C
on

tin
en

ta
l-s

ub
co

nt
in

en
ta

l sp
ec

ie
s c

on
ne

ct
ed

 w
ith

 w
oo

d s
te

pp
e a

nd
 sim

ila
r co

m
m

un
iti

es
. —

 (3
) O

ce
an

ic
-s

ub
oc

ea
ni

c sp
ec

ie
s an

d sp
ec

ie
s w

ith
 a 

te
nd

en
cy

 of 
di

str
ib

ut
io

n t
ow

ar
ds

 th
e w

res
t (m

ar
ke

d w
ith

 an
 as

te
ris

k)
. —

 (4
) W

id
el

y r
an

gi
ng

 in
di

ffe
re

nt
 sp

ec
ie

s. —
 (5

) T
he

 sa
m

e c
on

ne
ct

ed
 w

ith
 m

ea
do

w
s. —

(6
) B

ry
op

hy
te

s.—
(7

) Li
ch

en
s.



54 Nr. 3

in Himmerland and on the whole it seems that the vegetation of Himmerland must 
be considered as a floristically very much diluted type among the steppe-like com
munities of Europe. Phleum phleoides is also found in a few places in England, and 
hence there is a possibility of still more exhausted forms in this country. I ansley 
(1939, p. 512) stales that Artemisia campestris, Veronica spicata, and others are found 
only in Breckland, but he does not offer any descriptions of the vegetations of the 
communities in question. However, prospects of some such descriptions by Dr. Watt 
are held out.1

In relation to Sealand the absence of Potentilla arenaria, P. heptaphylla, Pul
satilla pratensis, Gnaphalium arenarium, Tunica proliféra, and Medicago minima is 
remarkable. The most interesting of the analyses (no. 4) originates from Storbjerg 
near Djorup. Here both Pulsatilla vulgaris and Carex ericetorum, which are absent 
in the corresponding Sealandish communities, are present.

The Pulsatilla pratensis-Veronica spicata Type.
This community has developed on dry sandy soil, as a rule rich in humus. 

Chalk is absent or present in small amounts only. pH is about 7 or as low as 5.3. 
The vegetation is mostly close, with a well developed cryptogamous layer ol mosses 
or lichens or both. As in the corresponding Sealandish Pulsatilla pratensis sand-alvar 
there are a number of subtypes, each of which is best characterized through the 
understorey. Table 7, nos. 1—5 show the composition of 5 spots rich in Camptothecium 
lutescens. In the first three Avena pratensis and Geranium sanguineum are very frequent 
(see Plate III, Fig. 2). The vegetations rich in Camptothecium belong to richer soil 
than those rich in Hylocomium splendens, Hypnum cupressiforme, and Cladonia or 
Rhacomitrium and Cladonia (Table 7, nos. 6—8). Among these the former were found 
on level comparatively humid soil, the latter on south-facing, drier soil on the Mul- 
bjerge. Here also occurs a last kind with Cladonia subrangiformis and Thuidium 
abietinum in the understorey. The soil here is basic and rather calcareous and the 
vegetation (Table 5, no. 15), with Poa angustifolia as a dominant, forms a transition 
to the dry communities on southern exposures. The socialions rich in Camptothecium 
(Table 7, nos. 1—5) floristically constitute a whole, as appears from the figures of 
constancy for such species as Koeleria pyramidata, Phleum nodosum, Dactylis, Plantago 
lanceolata, Medicago lupulina, and Briza media. As compared with the Sealandish 
sand-alvar sociations the occurrence of Koeleria pyramidata and Cladonia subrangi
formis is remarkable. As a whole the Sealandish vegetation, however, is no doubt 
richer than the Jutlandish one. Thus it contains Astragalus danicus, Seseli libanotis, 
and in some places also Phleum phleoides, even as a dominant.

The Pulsatilla vulgaris Type.
This community, too, includes subtypes with different understoreys. It is difficult 

to discover the ecological conditions causing now Pulsatilla pratensis, now P. vulgaris
1 During the war we could not study the interesting paper of Watt on the Breckland grass heath 

(Watt 1940). None of the grassland types described in this paper, however, contain Phleum phleoides, Arte
misia campestris, or Veronica spicata. 
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to be dominant. A vegetation with both species of pasque-flower was observed only 
at one occasion (viz. Loc. 31, p. 26). Also the sociations rich in P. vulgaris are often 
found on soils rich in humus. They may be level or south-facing, they may be 
calcareous and basic and they may also be very acid. Neither microclimate nor 
acidity can be the cause of the different distribution of the pasque-flowers. Conditions 
obviously are most complicated. Table 7, nos. 10—13 show four analyses with P. vul
garis from acidic soils. The first corresponds very well to the P. vulgaris sand-alvar 
at Dragør and Villingebæk, respectively on Amager and in Sealand (Böcher 1945). 
The last one (Table 7, no. 13) approaches heath, Calluna being dense, although 
low and without any importance physiognomically. In many places Pulsatilla vulgaris 
was seen at the edge of heaths in the same way as at Villingebæk (see Böciier 1943, 
Fig. 17). In Sealand and in dune areas on the point of the Skaw we may also find 
P. pratensis at the edge of the heath. This was not seen in Himmerland. In Sealand 
P. vulgaris is absent in the large number of different slope vegetations on calcareous, 
sandy, basic or slightly acid soil. In Jutland it is found on all kinds of slopes, even 
on north-facing slopes on chalk (Table 8). These facts would seem to indicate that 
P. pratensis is more selective in Jutland than in Sealand (it shuns the heaths) and 
that P. vulgaris is most selective in Sealand (found only on acid soils there). This 
would go very well with the fact that P. pratensis is a continental species and that the 
Danish P. vulgaris belongs to a western, subcontinental subspecies (ssp. germanica) 
of the collective species P. vulgaris. On account of the geographical distribution of 
P. vulgaris the sociations rich in this species come to belong to a type of a less 
continental character and a type of sand-alvar in which the steppe element is 
very greatly reduced.

The two analyses Table 5, nos. 13—14 also include P. vulgaris. This is a dense 
Festuca ovina-Hypnum cupressiforme sociation rich in species on calcareous sand rich 
in humus and on a rather dry soil. The vegetation, perhaps particularly physiognomic- 
ally, reminds of the sand-alvar, and may be considered a transitional form between 
this and the vegetation of the dry calcareous slopes (perhaps especially the Koeleria- 
Phleum type). Here, the layer of cryptogams is peculiar (see especially no. 13, which 
again includes Thuidium abielinum and Cladonia subrangifor  inis). We have included 
no. 12 from the Logstør slope in the same transitional type. Here Pulsatilla vulgaris 
is rare in the area analyzed, but it is found abundantly in the close vicinity on 
apparently corresponding soil. As mentioned above (p. 8), the rare species Draba 
incana enters in no. 12. Analysis no. 11 on the slope below no. 12 further mediates 
the transition to the dry chalk-slope vegetation (no. 10).

The Genista tinctoria Type.
Of this only a single analysis from a dry hilltop near Aalborg (Loc. 17, Table 7, 

no. 14). The analysis is interesting because it shows us the continental species Genista 
tinctoria as dominant in a community which is anything but heathlike. Outside this 
country this is undoubtedly a fairly frequent phenomenon, but in Denmark the dyer’s

8*
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broom most belongs to rich heath. Genista tinctoria is rather frequently found in 
scrub or at the edges of woods in Central Europe and so it is questionable if the 
vegetation near Aalborg does not rather belong among the communities of the wood
steppe group; for the dyer’s broom also enters in the Geranium slopes on the eastern i
exposures of the Mulbjerge (Table 4). Further it is frequent in the oligotrophic com
munity of north-facing slopes mentioned in Table 8, no. 20 and occurs sporadically 
together with Pulsatilla vulgaris (Table 7, no. 10). Finally it is frequent in the com
munity rich in heather in the same table no. 13.

The vegetation near Aalborg is found on neutral soil. Il is rather natural even 
though Campanula ranunculoides enters in it. This species has presumably advanced 
from the cultivated soil round the hill.

The Sedum acre (boloniense) Type.
A community on very dry, sandy (or somewhat clayey) soil with neutral or 

slightly acid reaction. Sedum acre and the closely related introduced S. boloniense 
(S. mite) are wide-spread species. The vegetation is neither characterized by con
tinental nor by Western European “dry land plants”. Sedum boloniense is a southern 
species, but Sedum acre goes far north, even as far as Angmagssalik in East Greenland. 
In the two analyses (Table 6, nos. 7—8) both the continental and the oceanic element 
of the flora are greatly reduced. Ecologically the Sedum acre, if anything, is related 
to the Phleum phleoides type, which perhaps it supplants in very oceanic climates. 
Sedum acre among the wide-spread species is one of the most typical xerophytes 
(cf. Iversen 1936). Hence, and because it is dominant, it has been chosen for the 
name of the type. For that matter, as appears from the tables, it is also abundant 
in many of the other types.

Acidic Dry Grassland Types.
In Table 6, nos. 9—14 some analyses from dry-slopes on acid soil have been 

collected. Most of them originate from the neighbourhood of Hobro. A glance at the 
table shows that both suboceanic and a few continental species are rather abundantly 
represented here. These are obviously communities forming a transitional stage 
between the steppe-like communities of dry soil and communities of an oceanic 
character. They are closely related to the Sedum acre {boloniense) type, but seem to 
be distinct from this type by the higher frequency of the species in Group 3 and 
acidophilous plants like Deschampsia flexuosa, Agrostis canina, and Rumex acetosella. 
In the understorey Hypnum cupressiforme, Ceratodon purpureus, and Cladonia fimbriata 
show particularly high values of constancy. No. 10 with its vegetation rich in lichens 
in the understorey and its modest share of continental species begins to approach 
a typical suboceanic dry-slope. This also holds good of the Deschampsia flexuosa- 
Agrostis canina sociation no. 12. Strangely enough we did not find the fully developed 
type, which, however, may be due to the fact that the soil is not poor enough for 
a suboceanic dry-slope in our localities. In Sealand such a type has been found 

4
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on small spots, e. g. on the sonth-facing slope al Hanehoved near Frederiksværk 
(Corynephoretum rich in lichens and therophytes); but it is probably very rare. On 
the other hand there are in Himmerland in several places typically enough developed 
Corynephorus fields on level ground including all kinds of suboceanic therophytes and 
hemicryptophytes. These fields, however, are always found on formerly cultivated 
sandy areas on the plateau above the slopes and thus have been exposed to a greater 
leaching of the. soil. The two analyses mentioned under the Pulsatilla vulgaris type 
(Table 7, nos. 11—12) from the poor sandy hill “Bjerget” east of Bælum is closely 
related to the vegetation of “grey dunes”, which means communities of sandy fields 
rich in Cladina-Cladonia destricta or Rhacomitrium canescens-Poly trichum piliferum, 
which are also characterized by suboceanic therophytes. Our work on the vegetation 
from Thy and the Hanherreder will deal with such communities in more detail.

D. The Group of Widely Distributed and Boreal-Montane 
Meadow Plants.

Under this head we include two groups of communities diametrically opposite 
as regards floristics and edaphic conditions (pH, amount of lime), which, however, 
are held together by a certain uniformity respecting types of distribution and hydro
types (in Iversen’s terminology) and the degree of humidity of the soil and the cool, 
moist microclimate. Both of the two subgroups, which correspond to the subcontinental 
and the suboceanic grass-slope in Sealand are most frequently and best developed 
on northern exposures.

The Cineraria integrifolia-Polygala amarella-Ctenidium molluscum Type.
A very interesting community, which is particularly well developed in Himmer

land. We have also analyses from a few places in Thy and the Hanherreder, but 
only in one locality these correspond completely to the Himmerland type. The com
munity belongs to northern exposures and hence less dry chalky soil. As a consequence 
of the cooler microclimate and the greater humidity the llora is somewhat different 
from those of the communities described so far. The characteristic species belong to 
two categories, the wide-spread, neutro-basophilous and the boreal- or montane- 
continental meadow-plants. The latter category is the most interesting one. Within 
this category the Polygala species seems to be the best exclusive species, for, as 
mentioned, Cineraria integrifolia may be found in chalkhill vegetations of different 
types, and this also applies to Crépis praemorsa, which further in Sealand appears 
as a bog plant in a community which has practically no points of resemblance with 
the community on calcareous north-facing slopes of Himmerland. The very most 
important exclusive species, however, is the wide-spread, but in the south montane 
moss Ctenidium molluscum. Still, it should be added that this species is only charac
terizing when dominant, for as appears from the tables it may be found sporadically 
in other communities.
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In Table 8, the vegetations nos. 1—15 belong to the Cineraria-Polygala-Ctenidium 
type. The most typical analyses have been placed first (nos. 1—10). The figures of con
stancy show that there is a fairly great uniformity here. There are, however, at 
least four subtypes: (1) A type without Koeleria, Avena pratensis, and Carex caryo- 
phyllea, but with some woody plants (nos. 1—3, all from the locality near the spring 
Blaakilde), (2) another type without Ctenidium, but with Crépis praeinorsa (nos. 9—10 
from the same locality), (3) a type in which both Koeleria, Avena pratensis, and 
Ctenidium show a pronounced dominance (nos. 4—7 from three different localities), 
(4) finally there is the peculiar vegetation no. 8, where also Convallaria and Poly- 
gonatum officinale dominate, a vegetation which has already been touched on under 
the mention of the communities of the wood-steppe group p. 33.

The vegetations nos. 11—13 deviate in being developed on somewhat drier, 
sunnier slopes (cp. the description of the Loc. 16 and 30). No. 14, which faces WNW., 
is situated on a loose sandy soil mixed with lime and dug through by animals, and 
dillers both by including such therophytes as Calamintha acinos and Arenaria serpylli- 
folia and by an unusual abundance of mosses with such species as Campylium cliryso- 
phyllum, Barbilla fallax var. brevifolia and Eurhynchium sivarlzii as dominants. In the 
west-facing analysis no. 15 Koeleria is absent, while Barbilla fallax is abundant. Many 
of the differences separating the subtypes are difficult to account for ecologically, 
and there is hardly any doubt that chances during the immigration may play a 
rather considerable part as causes.

Among the communities described above the Brachypodium pinnatum-Inula 
salicina type is rather closely related to the one just mentioned. The transition between 
them is particularly mediated by the vegetation rich in Crépis praemorsa rendered in 
Tables 3 and 8. It is possible that the Crépis praemorsa vegetations should be con
sidered a special type. According to Sterner (1922, p. 399) Crépis praemorsa belongs 
to the meadow steppe, while Meusel further considers it a typical element of the 
Sarmatian wood-steppe. Therefore there might be reason to operate with a Crépis 
type as a transitional stage between woodsteppe-like and meadowlike communities. 
Such a species as Campanula glomerata like Crépis praemorsa has its optimum in 
the Brachypodium-Inula and the Cineraria-Polygala-Ctenidium types and the same 
holds good of Primula veris.

Besides, the exclusive species mentioned, particularly Cineraria integrifolia, 
Polygala amarella, and Ctenidium suggest relationship with the “dealpine Grasfluren” 
of Central Europe (cf. Meusel), among which are especially reckoned the com
munities of the calcareous Alps, the Lower Alps, and the Sesleria communities of 
the Central German mountains. Among the cryptogams characteristic of the dealpine 
vegetations which are found in the Jutlandish community, we may, besides Ctenidium 
molluscum, mention Campylum chrysophyllum, Encalypta streptocarpa, and Trente- 
pohlia aurea. While the similarity between the subcontinental grass-slopes of Sealand 
and Mon and the dealpine grassland community is not very pronounced, we can 
hardly deny the existence of a fairly great similarity between this montane Central 
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European community and that of Himmerland. This can hardly be due to a particular 
edaphic correspondence, as communities rich in Ctenidium are found on the chalk 
of Stevns and Hoje Mon and on clay on Sjællands Odde. The cause is rather to 
be sought in historical circumstances (see p. 74) or perhaps in the somewhat colder 
and more humid climate of Northern Jutland, which may remind more of the 
montane climate of Central Europe.

The two analyses nos. 16 and 17 in Table 8 show examples of-Himmerlandish 
vegetation corresponding completely to the subcontinental grass slope of Sealand. In 
both analyses Koeleria pyramidata is absent, and among the species in Group 1 only 
Plantago media is present in no. 17. This analysis is peculiar by its unusually high 
density of species (on an average 30 species per ¿5 m.2). Besides bv the absence of 
certain species the vegetations di lier by dominance of Pseudoscleropodium purum. 
Both no. 17 and the somewhat different vegetation no. 18 from Marbjerg to some 
degree approach the oligotrophic communities on northern exposures, though they 
cannot be characterized as intermediate forms. Such were not seen in Himmerland, 
but in our material from Thy, Mors, and the Hanherreder we have several instances 
of floristic and ecological transitional forms between the calcareous-alkaline com
munities of north-facing slopes and the acid-poor ones. Intermediate forms from 
Sealand have been described by numerous examples, particularly from Gilleleje.

The Vaccinium myrtillus-Arnica montana-Hylocomiutn schreberi Type.
There are several places in Himmerland in which oligotrophic, acidic, and more 

or less north-facing slopes have not grown into heaths. Instead there is a grassland 
vegetation (Table 8, nos. 19—23) of the same type as the suboceanic grass-slope 
described from Nakkehoved and other places in Sealand. There is here a boreal 
and montane element and certain rather northern or submontane and also oceanic 
species (Arnica montana, Galium saxatile). The mosses are practically the same as 
those of the corresponding heath communities, still c. g. Hylocomium loreum is absent, 
which may occur in the most typical north-sloping heaths with Cornus suecica, Blech- 
num spicant, and others (Böcher 1943).

A number of acidophilous plants separate the Vaccinium-Arnica-Hylocomium 
type clearly from the preceding type (thus Deschampsia flexuosa, Agrostis canina, 
Viola canina, and Hylocomium schreberi), but besides it is interesting to note how 
several species seem to prefer the acidic north-facing slopes and the less calcareous 
vegetations (nos. 14—18) mentioned in connexion with the Cineraria-Polygala-Cteni- 
dium type. This, e. g., holds good of Agrostis tenuis, Anthoxanthum odoratum, Poa 
pratensis, Luzula campestris, Veronica officinalis, and Anemone nemorosa. On the other 
hand some species are absent in the Vaccinium-Arnica-Hylocomium type (thus Ranun
culus bulbosus, Taraxacum officinale, and Medicago lupulina).

4
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V. Summarizing Remarks on the Vegetation and the Flora.
t In the preceding descriplion the points of mutual contact of the various com

munities have been mentioned several times. In what follows they will be sketched 
out again, and as this is done to all communities, an attempt will be made at 
making clear the structure of all the great complex of vegetations rich in herbs 
and grasses found in Himmerland. In the below survey we have considered phyto- 
geographical and ecological conditions, especially as regards the soil. The various 
types have been distributed to four series and within these they have been arranged 
between two extreme types, viz. communities on acid-sandy and on alkaline-calcareous 
soil. By such an arrangement they are at the same lime often distributed in relation 
to the degree of humidity of the soil, sandy soils, as mentioned, probably always 
being drier than calcareous soils, all other conditions being equal.

Series I includes woodsteppe-like communities. The transition between no. 1 
and no. 2 is clear, particularly at Klithuse, where Geranium sanguineum enters in 
Brachypodium-Inula communities (Table 3). The transition between 2 and 3 has

I II III

1. Brachyp. 
pinnatum- 

Inula 
Table 3, 

nos. 6—11

2. Geran. 
sanguineum 

Table 4, 
nos. 1—8

3. Filipéndula 
hexapetala 
Table 4, 

nos. 9—11

4. Carex 
montana 
Table 4, 
no. 14

1. Sanguisorba 
minor 

Table 4, 
nos. 1—5

2. Phleum 
nodosum 
'Fable 4, 

nos. 6—10

3. Phleum 
phleoides 
Table 5, 
nos. 1—5

4. Sedum 
acre 

Table 6, 
no. 7

5. Rumex 
acetosella 

Hypnum cupr.
Table 7, 

nos. 10—43

a b

1. Puls. prat. 
Thuid. ab.

Clad, subrang. 
Table 5, 

no. 15

1. Puls. vulg. 
Thuid. ab.

Clad, subrang. 
Table 5, 

nos. 13—14

2. Puls. prat.
Camptothec. 

lutescens 
Table 7, 
nos. 1—5

?

3. Puls. prat.
Hypn. cupress. 

Cladonia 
Table 7, 
nos. 6—8

3. Puls. vulg.
Hypn. cupress. 

Cladonia 
Table 7, 

no. 10

4. Corynephorus, Jasione, 
Hypochoeris rad., Cladonia 

Table 7, no. 12

IV

1. Ctenidium 
molluscum 

Polygala etc.
Table 8, 

nos. 1—10

?

?

5. Vacc. myr- 
tillus-Arnica- 
Hylocomium 

Table 8, 
no. 21

© 
C/3

2. Briza, 
Carex llacca, 

Pseudosclerop.
Table 8, 

nos. 14—16

10
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been mentioned on p. 37. The scarcity of the Carex montana vegetation (Table 4, 
no. 14) causes this to be placed in the way stated with a certain reserve only.

Series II includes communities of dry slopes. The transition from 1 to 2 is 
mentioned on p. 49. Instances of transitions between 2 and 3 are found in such 
cases in which Phleum phleoides grows on sand mixed with chalk (see Table 6). 
Also the further transition to the Sedum acre type on slightly acid soil and to Coryne- 
phorus communities (Series III) through what was called dry acidic grassland types, 
is mentioned above (p. 60). In the survey these dry acidic communities for the sake 
of uniformity have been named after some rather characteristic species (Rumex aceto- 
sella, Hypnum cupressiforme).

Series III includes sand-alvar and Corynephoretum. We have here set up two 
related parallel series: (a) with Pulsatilla pratensis and (b) with Pulsatilla vulgaris. In 
none of these there is any subtype on very calcareous soil. The above-mentioned 
dense community rich in species and with sporadic Draba incana (Table 5, no. 12) 
in many respects resembles the sand-alvar vegetation and may perhaps be considered 
a kind of beginning of the series on very calcareous soil. Curiously enough we have 
not found intermediate types between 1 and 3 within the vegetations containing 
Pulsatilla vulgaris. No doubt such vegetations may be found.

Series IV. Grass-slopes and related meadow-like communities. As mentioned 
above, we are unable to demonstrate the transition between the two extreme types 
on material from Himmerland. In the corresponding transitional communities in 
Sealand Trifolium medium often dominates.

Of course there are also often transitions between the series mutually, thus 
from left to right in the survey, but we have not illustrated this in the survey. 1 he 
most important of such transitions may be summarized as follows:

Woodland communities in the Cypripedium locality (Table 2) — Ix— Crépis 
praemorsa (Tables 3 and 8) — IVX. Here we are able to show the transition from 
woodland through wood-edge and wood-steppe communities to the meadow-like 
vegetation with widely distributed and montane-boreal species. All these communities 
occur on calcareous soil. We cannot demonstrate the transition from rather dry edges 
of woods on sandy soil as we have not a sufficient number of observations from 
Jutlandish dry edges of woods. There are, however, both in the scrubs on the Mul- 
bjerge and in certain woods of oak-scrub elsewhere clear transitions to the Geranium- 
Filipendula type and from Sealand such transitions have been demonstrated by 
numerous instances (Böciier 1945).

I2—III a2. On this transition see the description of Loe. 10 and the tables in 
question.

I a—II3. The jump from the dry vegetation rich in Filipéndula to the Phleum 
phleoides type is short and the floristic similarity between the vegetations in question 
(Tables 4 and 6) is rather great.

II5—III4. On this transition see p. 60.
II2.3—IIIbj-3. There are several analyses showing transition between drier vege- 
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tâtions of slopes and the sand-alvar rich in Pulsatilla vulgaris, see e. g. Table 6, 
no. 14, which shows an abundance of Pulsatilla vulgaris, but otherwise, if anything, 
belongs to the dry-slopes on slightly acid soil.

The transition from the complex of vegetations of the heath to the types just 
mentioned on the whole is clear. There is a transition to the Carex montana type I4 
(cf. Böcher 1943, Table 16), to II5, to IIIb3 and to IV5 (cf. Böcher 1943, Tables 2—3).

A study of the tables and the topographical section will give a number of clues 
also respecting the ecology of the various species. The material, however, is too scarce 
to give summaries for each single species so far. Autecology should, if possible, be 
based on observations of the vegetation of an extensive area. Sealand, Møn, and 
Himmerland have now been investigated in respect to the grass-herb vegetation. 
When the material from Thy and the Hanherreder has been published, the time 
may have come for an autecological summarizing. It should, however, on such an 
occasion be attempted to the greatest possible extent to work in data from the vege
tations of other countries, just to extend the area under investigation. In this connexion 
we shall call attention to some interesting facts which already now appear from a 
comparison between Sealand, Himmerland and the chalky areas of the British Isles. 
In Tansley’s description (1939) of English chalk grassland there are among the con
stants and the exclusive species, thus those bound to the chalky soil, the following 
species of particular interest:

Anthyllis vulneraria. The British Isles: low constancy, but a high degree of exclusive
ness, locally abundant. Himmerland: frequent everywhere, particularly on sandy 
soil. Sealand: frequent in sandy fields and on clayey north-facing slopes.

Helianthemum nummularium. The British Isles: low constancy, almost completely 
exclusive to chalk. Himmerland: not bound to chalk, but rather selective (p. 42). 
Sealand: frequent on sandy soil.

Filipéndula hexapetala. The British Isles: almost completely exclusive to chalk, 
locally abundant. Himmerland: frequent as a dominant on rather poor sandy 
slopes (p. 37). Sealand: besides in the slope vegetation also scattered in heaths.

Pulsatilla vulgaris. The British Isles: local and nearly confined to chalk grassland. 
Himmerland: in all kinds of dry communities, also in heath, see p. 55. Sealand: 
on poor soil.

Hypochoeris maculata. The British Isles: rare and exclusive. Himmerland and Jutland 
in general: particularly on sandy soils, often in Jutlandish heaths on richer soil. 
Sealand: nearly as in Jutland.

Viola hirta. The British Isles: almost exclusive to calcareous grassland and calcareous 
woodland. Himmerland: perhaps most frequent on chalk, but not exclusive.

10*
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Sealand: wood-edges, woodsteppe-like communities and grass-slopes on sandy 
as well as clayey soil.

Camptothecium lutescens. The British Isles: calcicole (Hope-Simpson 1941). Den
mark: on chalk but also on sandy and not markedly acid soils.

All these examples show great exclusiveness to chalk in the British Isles and 
less or none in Himmerland and Sealand. In one case (Pulsatilla vulgaris) there is 
at last perhaps even an exclusiveness to the opposite, i. e. acid, poor soil. All species 
with the exception of Anthyllis vulneraria and Camptothecium lutescens have a con
tinental distribution and thus become calciphilous species, or exclusively represented 
by calciphilous races near their western boundaries. As regards Denmark something 
of that kind has already been mentioned respecting Pulsatilla pratensis (p. 55). How
ever, there are also many species which both in the British Isles and Himmerland 
appear as typical calcicoles, thus Brachypodium pinnatum, Campanula glomerata, 
Sanguisorba minor, and Cineraria integrifolia. This last species, however, still farther 
east is not bound to chalk (see p. 74). A peculiar feature is also the high degree of 
exclusiveness to chalk of Scabiosa columbaria in the British Isles. This species appears 
as dominant on loose sand in Sealand (Böciier 1945, p. 62). It was not found at 
all in the localities in Himmerland. Similarly Seseli libanotis, which is a rare chalk 
plant in the British Isles and in Sealand is found on sand and shingles. Besides, 
the English chalk communities arc fairly rich in species and include several species 
totally absent in Denmark, thus Asperula cynanchica, Hippocrepis comosa, Ophrys 
apifera, Phyteuma orbiculare, and others. Among Danish species from chalk soil 
growing completely wild Polygala amarella, Inula salicina, and Crépis praemorsa are 
not mentioned in Tansley’s lists from the British Isles.

VI. Questions Concerning the History of the Vegetation.
As regards the glades in the wood of Allindelille near Ringsted (Sealand) Car

sten Olsen (1943) has advanced the view that these are natural, the trees of the 
wood because of want of nutrition being unable to thrive on soil which at a depth 
of 15 cm. contains about 80 per cent. CaCO3 or more. Our soil samples from Himmer
land are mostly taken from the surface of the soil. There are several with more than 
60 per cent, and one with more than 70 per cent. CaCO3. At a depth of 20 cm. the 
percentage will not infrequently reach the values critical to tree-growth.1 In such 
places the woodless state therefore may be due to the special conditions of the soil. 
Unfortunately civilization in Himmerland has caused a very considerable reduction 
of the wood-grown area. Therefore there are few places suitable for a test of Olsen’s 

1 On the contents of nutrition in a couple of chalky soils from Himmerland see Carsten Olsen 1921.
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theory. Only two localities are worth special mention in this connexion, both on the 
valley-slopes along Lindenborg Aa (cf. p. 15).

In Loe. 13, the slope al Lille Blaakilde, the situation greatly reminds of the 
glades in the wood of Allindelille. On the open spots there are low individuals of 
trees and shrubs which apparently are stunted and in certain cases chlorotic. The 
glades are surrounded by Rhamnus cathartica scrub, which also is the case of a single 
somewhat more humid place in the wood of Allindelille, where, however, Cornus 
sanguínea generally forms the edge vegetation. At the bottom of the slope at Blaakilde 
the Rhamnus scrub stands on practically pure chalk soil. This might seem to go against 
Olsen’s view. There are, however, at the foot of the slope everywhere signs of the 
presence of oozing-out water or even springs, a fact which completely changes the 
edaphic situation as the waler may supply the missing substances to the chalk soil.

In Loc. 14, the growing-place of Cypripedium calceolus near Buderupholm, 
conditions are not so clear. The content of chalk in the surface of the soil is between 
12 and 52 per cent, and by digging no pure chalk soil was observed at a depth of 
20 cm., even though the content of chalk obviously increased with increasing 
depth. There is no Cornus or Rhamnus scrub towards the glades. The place does not 
remind of the wood of Allindelille, but of the wood on the cliff of Mon. As regards 
this, Lindquist (1938) has advanced a theory to the effect, z. a., that spots may of 
themselves now and then become illuminated, the beeches dying and only immigrating 
again after some lime, often after a stage with juniper (cf. the Juniper-sanicle-sere 
of England mentioned by Watt and Tansley). As on Timmesobjerg on Mon there 
are near Buderupholm dying or dead beeches (Plate I, Fig. 1). Juniper is abundant 
in the glades, in a few places junipers are seen which arc shaded to death by beeches, 
and there may here be approaches to Lindquist’s “Filtförna” formation. A some
what mor-like soil is found under the junipers and as on Mon this particular form 
of mor shows a basic reaction (pH 7.5). Everything seems to indicate that lady’s 
slipper orchid and Cephalanthera rubra will not bear strong shading (cf. for the 
latter Böcher 1946). The fact that these species arc found quite isolated near 
Buderupholm suggests that the natural woodland vegetation here is rather bright or 
always has bright spots, which probably change places according as now one, now 
the other of the beeches die. A stale of woodland of this type is no doubt extremely 
rare in Jutland, and this is no doubt the cause of the rare occurrence of the species 
mentioned.

Not only a large amount of chalk in the soil, but also slides may be natural 
causes of slopes being devoid of tree-growth. As for the west-facing slopes the wind 
probably also will play a part as a factor hostile to woods. Therefore it is rather 
probable that Himmerland contains a number of localities in which the original 
wood was not close and where, therefore, the grass-herb vegetation in places is very 
old, representing an edaphically conditioned subclimax. This view for that matter 
is also supported by certain circumstances connected with the distribution of some 
species, particularly Cineraria integrifolia and Polygala amarella.
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The distribution of Cineraria integrifolia has recently been the object of a study by 
Hultén (1937, p. Ill), who is of opinion that the species should have been swept out from 
the greater part of Scandinavia under the Würm glaciation and that it is now engaged on 
healing its area. A map (see Bücher 1944) based particularly on Cui'odontis (1933), and 
the map made by Andersson (1944), however, shows that the area of the species is greatly 
split up and that it is found as a relic in several isolated areas ice-covered during the Würm 
glaciation. It is very questionable whether these localities harbour the first pioneers of a 
re-immigration. Very much may be said in favour of the opposite view. Cineraria integrifolia 
has been called a subarctic steppe plant and its distribution shows that it belongs to a boreal- 
montane and also continental type. Such a species has hardly had equally good conditions 
of dispersal during all late- or postglacial climatic periods, but must be supposed to have 
had optimal conditions in the Late Glacial and the Preboreal Periods. When the Yoldia Sea 
separated Southern Sweden from the rest of Scandinavia it must—topographically and eco
logically—have had particularly good possibilities of reaching its present localities in Northern 
Jutland and Southern Sweden. It may at that time easily have had a closed area in the 
ice-free regions from Varanger south along the White Sea and the Baltic (cf. map in Sauramo 
(1929) of the extension of the Yoldia Sea). Just as in our day on the Kola peninsula and 
in Northern Norway it is found in humid meadows, bogs and dwarf-shrub heath poor 
in chalk, it may in the climate of the Yoldia Period have occurred in similar communities 
beyond Denmark. It seems that the species is calciphilous only at its western boundaries in 
relatively oceanic climates. Thus there is something in favour of the view that Cineraria 
integrifolia in Northern Jutland may be considered a relic from the Late Glacial Period. It 
has presumably held out on the calcareous slopes because these offered favourable edaphic 
conditions and in several places were not wooded in the later periods. This is not to say 
that it is a relic in all North Jutlandish finding-places. In some of these it may have immi
grated in modern times. It has a great power of spreading, and hence many botanists will 
doubt its being a relic. Therefore it must be pointed out that it has not immigrated to the 
calcareous hillsides of Mon, which have not been wooded for a rather long period, and that 
it is absent in the large Central Swedish area with Archaean limestone rocks or calcareous 
soils, which just in the Yoldia Period for the most part were inundated by the sea or were 
very close to the inland ice.

Also the areas in Northern Jutland of Polygala amarella and Draba incana are remarkably 
isolated. The latter has its southern limit in the localities investigated by us. Farther south 
it is not found till the Alps. It is a circumpolar, subarctic-boreal species. Its present localities 
in Norway and Sweden are separated from its Danish ones by more than 50 miles of sea. 
Polygala amarella is similarly separated from Norwegian and Swedish localities and the 
distance to the nearest German ones is very great. Aschersson & Gräbner (1898—99) state 
a northern limit of it in the NE. German lowlands. It belongs to a boreal-montane subcon
tinental type of distribution. Like Cineraria integrifolia it may have belonged to a subarctic- 
boreal meadow-flora with a more general distribution in the Late Glacial Period. Its isolated 
Northern Jutlandish area appears from Fig. 14. Its seeds have elaiosomes, hence spreading by 
ants is very probable.

Furthermore it is not excluded that the species Prunella grandiflora, which in the south 
is montane and further is continental, has reached its Danish and Swedish habitats in the 
Yoldia Period. It is astonishing that this species, which in the Alps rises to the alpine-subalpine 
zones, in Sweden is found only as far north as Lake Vänern (see map in Sterner 1922, Plate 6). 
Like Cineraria integrifolia it only grows in the part of Sweden which in the Yoldia Period 
was connected with Denmark and Germany. Its small number of localities in the Swedish 
mainland like its two Danish ones are in strangely isolated places and suggest that it is a relic 
rather than an advancing species.



In this connexion the area of Galium pumilum is very interesting. According to Sterner 
(1944) this species in northern Europe has a very disrupted range, and almost every isolate 
of it constitutes a separate taxonomic unit. In Sweden there are three isolates and the northern
most is at the Lake Vänern in the same area where Prunella grandiflora has an isolated occur
rence. The Danish ssp. septentrionale (Sterner) is restricted to Jutland, Funen and the Oslo-

Fig. 14. The distribution within Denmark of Polijgala amarella.

region. It is assumed to be a relic of a population that during the latest glaciation existed 
in some icefree refugia in Southern Jutland or Central Europe.

In Galium pumilum we have another example of a boreal, in the south montane species 
which in Denmark has an isolated area and a local southern limit. Owing to its wide ecological 
amplitude (cf. the tables) it is not restricted to the chalk grassland areas. It has probably 
immigrated to northern Jutland during the Late Glacial Period; it may have held out on 
the calcareous slopes here and, later, when the woods disappeared have enlarged the area, 
but it has not reached the numerous grassy slopes of Sealand.

Supposing the theory of the immigration of these species is correct, the illumin
ated Northern Jutlandish vegetation of calcareous slopes may date back to the Late 
Glacial Period. But of course the communities have not always been the same during 
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the long period. The species mentioned no doubt originally belonged to communities 
essentially different from those in which they are found now, communities including 
species now dead because the climate was no longer suitable to them. And even 
though the Northern Jutlandish chalkhili vegetation like the corresponding com
munities on the islands represent something of the most original and natural of 
Danish grass-herb vegetation, it should not be forgotten that civilization almost every
where asserts itself strongly and also characterizes the chalk flora. This particularly 
applies to the flora on the open dry slopes, where so many species of weeds 
(Echiiun vulgare, see Plate IV, Fig. 1) may find suitable localities (cf. also the 
locality Høvblege on Møn, Böcher 1946).

Translation of some Danish common names used as elements of place-names:

Aa ‘river’
Bakke ‘hillside’
Bjerg (or Bjærg) ‘mountain, hill’
Bredning ‘broad’ (widening of a fiord),
Bæk ‘brook’
Dal ‘valley’

Høj ‘hill’
Kilde ‘spring, source’.
Krat ‘scrub, copse’
Lund ‘grove’
Skov ‘wood, forest’
Sund ‘sound, straits’

-r in e. g. Bakker is a Danish plural ending.



VII. References.
Anderson, Violet L. 1927. Studies on the Vegetation of the English Chalk. Journ. of Eco

logy 15, 72—129.
Andersson, Olof. 1944. Bidrag till Skánes Plora 30. Senecio integrifolius. Bot. Noliser, 

1944, 444—458.
Aschersson, P. & Gräbner, P. 1898—99. Plora des nordostdeutschen Flachlandes. Berlin.
Böcher, T. W. 1935. Om en Metode til Undersøgelse af Konstans, Skudtæthed og Homo

genitet. With an English Summary. Bot. Tidsskrift 43, 278—303.
1943. Studies on the Plant Geography of the North Atlantic Heath Formation II. Det 
Kgl. Danske Vidensk. Selskab, Biol. Skrifter 2, No. 7, 1—130.

— 1944. Vegetation og Flora paa et himmerlandsk Kalkbakkeomraade. Naturens Verden,
1944, 257—269.

— 1945. Beiträge zur Pflanzengeographie und Ökologie dänischer Vegetation II. With an’ 
English Summary. Det Kgl. Danske Vidensk. Selskab, Biol. Skrifter 4, No. 1.

— 1946. Græs-Urte-Vegetationen paa Høje Mon. With an English Summary. Bot. Tids
skrift 48, Hefte 1.

Brøndsted, J. 1938—40. Danmarks Oldtid. København.
Cufodontis, G. 1933. Kritische Revision von Senecio sectio Tephroseris. Fedde Repert. Reih. 

Vol. 70, 1—266.
Dahlerup, H. 1882. Mariager Klosters og Bys Historie. København.
Hansen, Martin. 1942. Kridtbrud ved Aalborg og Planter deri. Naturens Verden 1942, 

324—336.
Hartz, Jacob. 1909. Ekskursionen til Rold Skov d. 16.—18. Juli 1909. Bot. Tidsskrift 29, 

447—449.
Hepburn, Jan. 1942. The Vegetation of the Barnak Stone Quarries. Journ. of Ecology 30, 

57—64.
Hoff, Mogens. 1943. Crassulaceernes og Saxifragaceernes Udbredelse i Danmark. With an 

English Summary. Bot. Tidsskrift 47, 95—-122.
Hope-Simpson, I. F. 1941. Studies of the Vegetation of the English Chalk. Journ. of Eco

logy 29, 107—116.
Hultén, E. 1937. Outline of the History of Arctic and Boreal Biota during the Quaternary 

Period. Stockholm.
Iversen, Joiis. 1936. Biologische Pflanzentypen als Hilfsmittel in der Vegetationsforschung. 

Kopenhagen.
Jessen, Axel. 1920. Stenalderhavets Udbredelse i det nordlige Jylland. The Extension of 

the Stone-age Sea (l'apes-Litorina Sea) in Northern Jutland. D. G. U. II. Række, 
No. 35, 1—112.

Keller, B. A. 1927. Distribution of Vegetation on the Plains of European Russia. Journ. 
of Ecology 15, 189-—233.

Kulczynski, S. & Motyka, J. 1936. Wald- und Steppenassoziationen am nördlichen Rande 
Podoliens bei Zloczów. Kosmos Ser. A. Mémoires 61. Botanika 9, 187—217.



78 Nr. 3

Lindquist, B. 1938. Timmesöbjerg, en biologisk Studie i Bokskogen paa Möens Klint. Det 
Kgl. Danske Vidensk. Selskab, Skrifter, Naturv. og Math. Afd., 9. Række, VII, No. 4, 
1—59. (Zusammenfassung.)

Lippmaa, T. 1935. Eesti geobotaanika pöhijooni. Acta Inst. et Horti Bot. Univ. Tartuensis 
IV, fase. 3—4.

Meusel, H. 1939. Die Vegetationsverhältnisse der Gipsberge im Küffhäuser und im südlichen 
Harzvorland. Hercynia 2, Heft 4, 1—372.

— 1940. Die Grasheiden Mitteleuropas. Bot. Archiv 41, 357—519.
Nordmann, V. 1943. Himmerlands Tilblivelse. Turistforeningen i Danmark. Aarbog 1943, 

9—23.
Ødum, H. 1926. Studier over Daniet i Jylland og paa Fyn. With an English Summary. 

D. G. U. II. Række, No. 45, 1—306.
Olsen, Carsten. 1921. Studier over Jordbundens Brintionkoncentration og dens Betydning 

for Vegetationen særlig for Plantefordelingen i Naturen. Kobenhavn. 1—159.
— 1943. Natural Glades in Beech-wood on Calcareous Soil. C. r. Lab. Carlsberg, Ser. chim. 

24, 305—332.
Raunkiær, C. 1934. The Life Forms of Plants and Statistical Plant Geography. Oxford.
Sauramo, M. 1929. The Quaternary Geology of Finland. Bull, de la Commission Geol. de 

Finlande. No. 86. Helsingfors.
Schwickerath, M. 1932. Die Vegetation der Kalktriften (Bromion-erecti-Verband) des nörd

lichen Westdeutschlands. Bot. Jahrb. 65, 212—250.
Sterner, R. 1922. The Continental Element in the Flora of South Sweden. Geogr. Annaler 

1922, H. 3—4, 221—444.
— 1944. Galium pumilum Murr, i nordvästra Europa. Medd. irán Göteborgs Bot. Tradgård 

15, 187—233.
TAnsley, A. G. & Adamson, R. S. 1925—26. Studies of the Vegetation of the English Chalk. 

Ill—IV. Journ. of Ecology 13, 177—223 and 14, 1—32.
Tansley, A. G. 1939. The British Islands and their Vegetation. Cambridge.
Watt, A. S. 1934. The Vegetation of the Chiltern Hills, with Special Reference to the Beech

woods and their Serai Relationships. Journ. of Ecology 22, 231—270 and 446—507.
-— 1940. Studies in the Ecology of Breckland IV. The Grass-Heath. Ibidem 28, 42—70. 

Wiegner, G. & Pallmann, IL 1938. Anleitung zum quantitativen agrikulturchemischen 
Praktikum. Berlin.

Wiinstedt, K. 1922. Exkursionen til Østhimmerland, d. 6., 7. og 8. Juli 1922. Bot. Tids
skrift 37, 448—452.

— 1931. Exkursionen til Nibeegnen d. 2., 3. og 4. August 1931. Bot. Tidsskrift 41, 415—420.
— 1938. Højsommerekskursionen til Nordjylland i Fællesskab med “Lunds botaniska 

Foreningen”. Bot. Tidsskrift 44, 350—351.

Indleveret til Selskabet den 4. Juli 1945.
Færdig fra Trykkeriet den ‘21. Maj 1946.



Plate I.

Fig. 1. The lady’s slipper orchid locality in Bjergeskov near Buderupholm. On the 
left an old dead beech. On the right a specimen of Viburnum opulus between young 
beeches. Near this spot there are some vigorous specimens of Cypripedium calceolus, 
which cannot be seen in the picture. In the foreground Calamagrostis arundinacea in 

the illuminated vegetation. T. W. B. phot. 1943.

Fig. 2. The east-facing slope of Mulbjergene. Behind the meadows on the right 
the Kattegat is seen. Besides scrub the Geranium sanguineum vegetation on com

pletely illuminated soil is seen in the foreground. T.W. B. phot. 1943.



Plate II.

Fig. 1. Næsby Dale near Logstør. South-facing slope with Chrysanthemum leucanlhemum 
sociation and Hippophaes rhamnoides scrub. T. W. B. phot. 1943.

Fig. 2. St. Nicolajs Bjerg near Sebbersund. West-facing slope. In the foreground 
Geranium sanguineum sociation with Heracleum sphondylium. The person in the middle 
of the picture is standing at the transition between the Geranium vegetation (down
wards) and the drier vegetation rich in therophytes with Potentilla verna, Visearía 

vulgaris and others (upwards). T.W.B. phot. 1943.



Plate III.

Fig. 1. Klithuse north of Nibe. Vigorous vegetation of Crépis praemorsa on north
facing slope. The fruits most of them have been blown away; the bright receptacle 

and the outstanding bracts (phyllaries) are seen. T.W. B. phot. 1943.

Fig. 2. Klithuse north of Nibe. Flowering Geranium sanguineum in the sand-alvar 
above the low Lit orina slope. Also the fruits of Pulsatilla pratensis are visible. T.W. B. 

phot. 1943.



Plate IV.

Fig. 1. South-facing calcareous slope near Voxlev. Echium vulgare sociation. In inter
vening spaces Ranunculus repens is seen. T.W. B. phot. 1943.

Fig. 2. Anthémis tinctoria-Echium vulgare sociation on a formerly ploughed calcareous 
hill near Sdr. Kongerslev. T. W. B. phot. 1943.


