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Preface

he death of dr. Johannes Iversen, State Geologist at the Geological Survey of

Denmark, on October 17th 1971, came at a time when he was still an eager
and devoted scientist. It meant a deep loss not only to science but also to his per-
sonal friends and his colleagues in his home country and throughout the world.
His scientific achievements ranged from botanical ecology to most aspects of the
Quaternary vegetational history. His principal method was pollen analysis, which
he in cooperation with others developed into a highly refined instrument; and
the main subjects were Denmark’s Late-Glacial vegetation and Post-Glacial forest-
history. Through his intimate botanical understanding and refined research tech-
niques he mastered these fields; and as a result he created a picture, which was
revolutionary in many ways and will stand unrivalled.

The scientific publications from Johs. Iversen’s hand are innumerable and al-
though in many cases of modest volume their scientific import is often the greater.
Time did not permit him to produce a summary of his life-long experiences about
Denmark’s vegetational history in a scientific way; however we are so much more
fortunate to have the essence of his opinions written for the general public in
Danish. When Politikens Forlag was preparing its 12-volume work Danmarks
Natur, Johs. Iversen was asked to contribute a section on the development of
Denmark’s nature since the last glacial. At that time he had finished his studies
of the Late-Glacial and, particularly through his recent studies in Draved Forest,
he had gained a mature and in many ways new comprehension of our Post-
Glacial forest history. He had for more than ten years been lecturing at the
University of Copenhagen on the vegetational history of the Quaternary and had
in this way found new inspiration. Obviously the proposal to write the contribu-
tion to Danmarks Natur came at a fortunate point of time, and it resulted in an
inspired masterpiece written vividly and in plain words, the creation of which we
welcomed with gratitude. We feel that his scientific institute can commemorate
Johs. Iversen in no better way than by publishing The Development of Denmark’s
Nature since the Last Glacial in an international language. We gratefully acknowl-
edge the warm-hearted collaboration of Politikens Forlag in making this edition
possible.

The Development of Denmark’s Nature since the Last Glacial is in a unique
way based on its author’s own research and experiences. The contributions of
others were intimately known by him, however, and were eagerly drawn upon too.
The following pages include a list of the more important of Johs. Iversen’s own
scientific contributions on the subject.

Names of plants and animals stated in Danish in the original text are given in
English translation as far as possible. Lists of the English plant and animal names
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used and their Latin equivalents are added to the present edition. A list compris-
ing the more important literature about the Late-Glacial and Post-Glacial geology
of Denmark is also included.

The translation was skilfully done by Mr. M. Robson, B.A., at present of
Copenhagen. Dr. Mrs. Winifred Pennington Tutin, of Leicester, kindly read the
manuscript and suggested many valuable improvements. Mrs. B. Holm typed the
manuscript and assisted in the editorial work.

The publication forms the third part of a Geology of Denmark. The two pre-
ceding parts are in preparation.

Svend Th. Andersen



Contributions by Johs. Iversen on the

Vegetational History of Denmark

(For a complete list of Johs. Iversen’s scientific contributions,
see e. g. Pollen et Spores, vol. 13, pp. 377-380).

Fund af Vildhest (Eqvus caballus) fra
overgangen mellem sen- og postgla-
cialtid i Danmark. — Danmarks geol.
unders. IV, 2, 13. 16 pp. 1934.

Sekundires Pollen als Fehlerquelle. —
Danmarks geol. unders. 1V, 2, 15.
24 pp. 1936.

Undersopgelser over Litorinatransgres-
sioner i Danmark. — Medd. dansk
geol. for. 9: 223-232. 1937.

Pollenanalytiske tidsbestemmelser af
midtjydske mesolitiske bopladser. —
In Mathiassen, Th.: Gudenaa-kultu-
ren, Aarb. nord. oldk.hist. 1937:
182-186. 1937.

Planterester i Jelsfundet. — In: H. C.
Broholm: Jelsfundet. Aarb. nord.
oldk.hist. 1938: 5-6. 1938.

Planterester fremdragne i tre Hoje i
Haderslev Amt. — In: H. C. Broholm
og Margrethe Hald: Skrydstrupfun-
det. Nordiske Fortidsminder 3: 18-
21. 1939.

Bliitenbiologische Studien. I. Dimor-
phie und Monomorphie bei Arme-
ria. — Kgl. dansk vidensk. selsk. Biol.
medd. 15, 8. 39 pp. 1940.

Landnam i Danmarks stenalder (Land
occupation in Denmark’s Stone
Age). — Danmarks geol. unders. 11,
66, 68 pp. 1941.

En pollenanalytisk tidsfaestelse af
ferskvandslagene ved Nerre Lyng-
by. — Medd. dansk geol. for. 10: 130-
151. 1942.

Geological part. — In: Degerbpl, M.
and J. Iversen: On a find of a sheat-
fish (Silurus glanis L.) from the
Ancylus period in Denmark. — Vi-

densk. medd. dansk naturh. for. 105:
443-446. 1942.

Et litorinaprofil ved Dybvad i Vend-
syssel. — Medd. dansk geol. for. 10:
324-328. 1943.

Viscum, Hedera and Ilex as climate
indicators. — Geol. for. Stockholm
forh. 66: 463-483. 1944,

Helianthemum som fossil glacialplan-
te i Danmark. — Geol. for. Stock-
holm forh. 66: 774-776. 1944.

II1. The dating of the bison finds. IV. -
Conditions of life for the large her- -
bivorous mammals in the Late-Gla-
cial Period. — In: Degerbo¢l, M. and
J. Iversen: The bison in Denmark.
Danmarks geol. unders. II, 73: 33—
62. 1945.

Geologisk datering af en senglacial
boplads ved Bromme. — Aarb. nord.
oldk. hist. 1946: 197-231. 1946.

Centaurea cyanus-pollen in Danish
Late-Glacial deposits.— Medd. dansk
geol. for. 11: 197-200. 1947.

Plantevaekst, dyreliv og klima i det
senglaciale Danmark. — Geol. for.
Stockholm forh. 69: 67-78. 1947.

The influence of prehistoric man on
vegetation. — Danmarks geol. unders.
1V, 3, 6. 25 pp. 1949.

Pollenmorfologiske definitioner og ty-
per. Pollenmorphologische Defini-
tionen und Typen. (With J. Troels-
Smith). — Danmarks geol. unders.
1V, 3, 8. 54 pp. 1950.

Steppeelementer i den senglaciale flo-
ra og fauna.— Medd. dansk geol. for.
12: 174-175. 1951.



Radiocarbon dating of the Allerpd
period. — Science 118: 9-11. 1953.
The Late-Glacial flora of Denmark
and its relation to climate and soil.
— Danmarks geol.unders. II, 80: 87—

119. 1954.

Forest clearance in the Stone Age. —
Scientific American 194: 36-41.
1956.

Pollenanalytischer Nachweis des Re-
liktencharakters eines jiitischen Lin-
den-Mischwaldes. — Vero6ff. geobot.
Inst. Riibel Ziirich 33: 137-144.
1958.

The bearing of glacial and interglacial
epochs on the formation and extinc-
tion of plant taxa.—In: Hedberg, O.

(ed.): Systematics of today. Uppsala
univ. arsskr. 6: 210-215. 1958.

Problems of the early Post-Glacial for-
est development in Denmark. Dan-
marks geol. unders. IV, 4,3. 32 pp.
1960.

Retrogressive vegetational succession
in the Post-Glacial. — J. Ecol. 52
(Suppl.): 59-70. 1964.

Textbook of pollen analysis. (With
Knut Fegri). — Kgbenhavn (Munks-
gaard) 237 pp. Second revised edi-
tion. 1964.

Retrogressive development of a forest
ecosystem demonstrated by pollen
diagrams from fossil mor. — Oikos
Suppl. 12: 35-49. 1969.



The Development of Denmark’s Nature
since the Last Glacial

Researchers and methods

he history of nature since the Ice

Age has occupied Scandinavian re-
searchers for more than a century: it
is probably no exaggeration to say that
Scandinavia during the whole of this
period has been a centre for such re-
search. The most important techniques
were developed here, and the crucial
ideas were formulated and made the
subject of lively, even violent debate,
all whilst a great number of observa-
tions was being accumulated. The peat
bogs with their abundant remains, the
plant growth of previous ages, animal
life, and human activity, were an es-
pecially prized object of study. The
ability of peat to preserve organic ma-
terial makes peat bogs a valuable ar-
chive in which everything is stored in
chronological order, the oldest at the
bottom and the youngest at the top.

The investigation of peat bogs
is founded in Denmark

This fruitful research began in Den-
mark. This is naturally not unrelated
to the great importance of peat as a
fuel in our rather treeless country.
However, the fact that this practically
orientated interest in peat bogs devel-
oped into a flourishing new branch of
science is due to the work of three
highly gifted men: Heinrich Dau, Ja-
petus Steenstrup, and Christian Vau-
pell. Of these three, Dau was the real
pioneer, the founder of bog investiga-
tions.

H. Dau — an unappreciated pioneer

Heinrich Dau (1790-1831) was born in
Holstein, which at that time belonged
to the Danish kingdom. Dau was in-
duced to begin his studies on peat
bogs by an award offered by the Agro-
nomical Society, and gave in his con-
tribution the first botanically valuable
description and classification of peat
bogs. He recognized three types, but
to one of these, the raised bog, he at-
tached special interest. With astonish-
ing perception he recognized immedi-
ately that raised bogs differ from other
bogs by one fact of “great chemico-
atmospheric Curiousness’; they obtain
all their nutrition from rain and from
the atmosphere. But Dau was too far
ahead of his time; his discovery was
greeted only with criticism, and he
was not awarded the prize. Nearly a
century elapsed before the full correct-
ness of Dau’s observations was real-
ized and inspired a new epoch in the
study of the Post-Glacial climatic de-
velopment (se page 105).

Dau continued his bog investiga-
tions under extremely difficult circum-
stances and published a book on the
bogs of Zealand (1829). In this he sub-
stantiated and expanded his opinions,
and also put forward another new
idea. He explained the frequent occur-
rence in bogs of trunks of coniferous
trees which no longer grow wild in
this country, with a theory of forest
history. Dau hoped to prove this after
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1. Japetus Steenstrup (1813-97), who was
the first to decribe the layers of a bog
and their plant remains.

more extensive investigations, but
shortly afterwards he died while still
quite young.

Steenstrup’s forest periods

The young Japetus Steenstrup (1813-
97) reaped what Dau had sown. The
Danish Academy of Science offered
an award for the solving of the prob-
lem which Dau had put forward in
his last book. Steenstrup entered the
contest, and won both the prize and
all the honour and support which had
been denied his predecessor. The hon-
our was well-deserved: Steenstrup gave
the first thorough description of the
various layers in a bog and the plant
remains found there. He established
what Dau had suggested: that the for-
ests of Denmark have undergone a
succession.

In 1841 Steenstrup published his in-
vestigations and his famous division
of forest history into four periods: the

12

Aspen, Pine, Oak, and Alder periods.
This division, which aroused intense
interest in the whole scientific world,
was in fact not especially well based.
However, it is to Steenstrup’s credit
that with his wide-ranging interests he
recognized peat bogs as one of the
best possible means for the investiga-
tion of the country’s past. Plant and
animal remains as well as traces of
bygone cultures were all-important
parts of this historical material. Steens-
trup did not say much about the
causes of the great changes in the for-
est composition: he connected them
with the prevailing theories of a slow,
continuous improvement in the cli-
mate.

Vaupell discovers the competition
by trees for light

Christian Vaupell (1821-62) gave the
first competent evaluation of the
causes of the forest succession. Vau-
pell had himself carried out thorough
investigations in peat stratigraphy us-
ing improved botanical-microscopical
techniques, and on important points
he revised Steenstrup’s determinations
and period divisions. But the decisive
new factor was that forest history for
Vaupell was not a diagram, but a liv-
ing process. To understand it, one had
to go out in the field and study the re-
lationship of the various tree species
with each other and with their sur-
roundings. Vaupell pointed out and
emphasized one factor of fundamen-
tal importance — the competition for
light.

Everyone has probably heard of the
competition of the beech with the oak,
where the beech wins because it both
casts and can tolerate more shade than
the oak. It was Vaupell who first elu-
cidated the light requirements of the
various tree species; of this we shall
hear more later. Vaupell expressed



2. Chr. Vaupell (1821-62), who in his
studies of forest history emphasized the
decisive role of the competition among
trees for light.

himself more cautiously concerning
the influence of climate. The pine
trunks in the Danish bogs could not
have grown up in a raw, cold climate,
as Steenstrup maintained, since their
annual-rings are broad like the trees
in the German pine forests, not nar-
row like those of trees growing in
cold conditions. Only the presence of
remains of north-Scandinavian species,
such as dwarf birch, could definitely
prove that the layer in question was
formed in a climate colder than that
of the present day. In this assumption
Vaupell was correct, but neither he
nor Steenstrup had examined the low-
est clayey layers in the peat-bogs.

The discovery of Ice Age plants

Some years after Vaupell’s early death,
the Swedish botanist 4. G. Nathorst
was the first to find the remains of an
arctic flora in the clay underlying the
peat, first in Scania (1870), a year later

in North Zealand, and later in many
places in Europe. Nathorst’s discovery
formed a turning point in bog re-
search: at one stroke the climate, and
its influences, took the centre of the
stage as an explanation of all changes
in vegetation and animal life through
the past. The final breakthrough of
the Ice Age theory at the same time
also contributed to this change of em-
phasis. The overall picture could now
be seen — the immigration of plants
and animals in the wake of the reced-
ing ice: first the undemanding, cold-
tolerating species such as Dryas
(mountain avens), arctic willow, and
reindeer, later as the climate improved
trees and shrubs and a more warmth-
demanding fauna.

For a long time a lively internation-
al debate followed regarding the
course of the climatic development in
the Post-Glacial period, with two
Swedish botanists, Gunnar Andersson
and Rutger Sernander as leading ex-
ponents. The question was mainly one
of methods. Andersson continued in
the spirit of Steenstrup, by preparing
and determining the macrofossils
(fruits, leaves, animal remains, etc.) of
the peat layers. This led him to the
conclusion that the Post-Glacial tem-
perature curve had risen steadily to a
culmination in the Oak period, and
had then decreased somewhat, equal-
ly steadily.

The Blytt-Sernander climatic periods

The peat layers of a bog can also re-
veal changes in climate in a more di-
rect way: the wetness of a bog, and
thus its vegetation, is affected by the
climate. If this changes greatly, for
example from dry to humid, the peat-
forming vegetation wil reflect the
change by paludification. The Norwe-
gian botanist Axel Blytt (1876) unhes-
itatingly explained the occurrence of

13



3. The botanist Prof. Knud Jessen, D.Sc.,
Ph.D. (1884-1971).

tree-stump layers as evidence for an
alteration between dry and rainy peri-
ods.

Through Sernander’s contributions
this theory obtained a firmer founda-
tion and won general acceptance. Ser-
nander found four periods recorded in
the bogs: the Boreal period (dry), the
Atlantic (humid), the Sub-Boreal (dry
and warm), and the Sub-Atlantic (hu-
mid and cool). The transition between
the last two periods was considered
by Sernander as an abrupt change, a
climatic catastrophe — the Fimbulwin-
ter of the Sagas.

The Blytt-Sernander theory of cli-
matic changes was more dramatic
than Andersson’s more uniform cli-
matic curve. We shall see later that
both interpretations were too schema-
tic and not sufficiently detailed. The
conflict between the two schools did
not end with a victory for either side:
it died out when a new and more pow-

14

erful method appeared, opening up
completely new possibilities and per-
spectives.

Pollen analysis

The new method was pollen analysis,
which was put forward in fully devel-
oped form by the Swedish geologist
Lennart von Post at the 16th Scandi-
navian Nature Researchers Meeting at
Kristiania in 1916 (See “Pollen analy-
sis” in Danmarks Natur Vol. 1, p. 219).

Relative and absolute chronology

It quickly became evident that pollen
analysis fulfilled all hopes: here at
last was a clear expression of forest
history and a method for dating (even
with small peat samples) botanical,
zoological, and archaeological materi-
al according to the new, relative chro-
nology. The Danish botanist Knud
Jessen, who earlier had used the pre-
viously described methods to create a
foundation for further investigations
of the Danish vegetational history, di-
vided the Danish pollen diagrams into
nine zones (I-IX). This division has
also proved to be applicable in our
neighbouring countries, and attempts
are made to correlate the revised
Steenstrup forest periods and the Blytt
& Sernander climatic phases with the
pollen-analytical zones, so that the di-
visions by and large conform with
each other.

The pollen analysis chronology is
only relative, and the zone boundaries
are not always contemporaneous over
large areas. An absolute chronology is,
however, made possible by the modern
Carbon-14 dating method, and a satis-
factory chronology, based on a com-
bination of pollen analysis and the
Carbon-14 method is now being de-
veloped.

The dates used in the following
pages are chiefly based on datings



made in the C-14 dating laboratory
led by Henrik Tauber in Copenhagen.
The dates must to a certain extent be
regarded as provisional, since the exact
half-life of C-14 has not yet finally
been determined. A few laboratories
use a half-life which produces ages in-
creased by 3 %.

Ecological pollen analysis

The principal emphasis in pollen ana-
lysis today lies in a new area. The
great drama of the development of
vegetation after the Ice Age is known
in its main features, and it is now im-
portant to single out the factors that
have determined the whole drama and
its various phases: the climatic varia-
tions, the development of the soil, and
not least the manifold influences of
mankind in prehistoric and historic
times. To come to grips with these
problems, all pollen types must be

identified and counted as far as pos-
sible; the more pollen curves available,
the more strings there are to play on.
Many things are required of those
who will master such an instrument:
first and foremost, an intimate knowl-
edge of the growth conditions of the
various plant species in nature, and
their competition with each other un-
der various external conditions: in
short, their ecology. We shall see later
how a knowledge of plant ecology can
help to explain characteristic and sys-
tematic episodes in the pollen dia-
grams, and to reveal events in nature
which otherwise would go unnoticed.

Today work is carried on using all
the methods mentioned above, and
others which will be described later.
Because of the close co-operation be-
tween the various branches of science
further great advances can confident-
ly be expected.

Europe 20,000 years ago

In order to understand the immigra-
tion of plants and animals into Den-
mark after the Ice Age, we must have
a knowledge of the conditions in Eu-
rope during the coldest part of the Ice
Age, before the climatic improvement
had begun. Strangely enough, knowl-
edge of the vegetation and climate
during the coldest, high glacial phases
of the Ice Age has long been uncer-
tain.

Originally, most geologists consider-
ed the Ice Age to have been accompa-
nied by a colossal and world-wide
cooling, but there was in fact no evi-
dence for this, and gradually various,
mostly indirect, arguments for a more
moderate change in climate were put
forward. Among plant and animal
geographers the opinion came to pre-

vail that many rather warmth-requir-
ing plants and animals of North Eu-
rope and North America had survived
the Ice Age quite close to the edge of
the ice cap. It was thought that such a
theory could best explain their pre-
sent distribution. The great vegetation
zones as we know them from modern
Europe, tundra, coniferous forest, de-
ciduous forest, etc., were probably
displaced a little to the south, but had
not been very different apart from
this. Geologists were not prepared to
accept this theory, but it was hard to
find any decisive disproving argu-
ments.

In Europe north of the Alps, pollen
analysis has not been able to provide
a satisfactory picture of conditions
during the high-glacial, since solifluc-
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4. Grazing reindeer. Copied from an en-
graving on a reindeer antler found in a
cave in Switzerland.

tion has destroyed all possibility of
pollen analysis. In recent years new
methods have helped to supply this
missing information. Simultaneously,
pollen diagrams have shed light on
the nature of the glacial vegetation of
France and Southern Europe, so that
now for the first time it is possible to
build up a well-based overall picture
of the climate and the vegetation belts
in Ice Age Europe.

West Jutland

We shall now attempt to go back men-
tally 20,000 years in time. The long
Ice Age was near its end, and the tem-
perature, which during the Ice Age
had fluctuated somewhat, had now
waned to its lowest point (see illustra-
tion facing p. 16).

Our picture is built up from infor-
mation from many localities where it
has been possible to date pollen ana-
lyses reliably and accurately within the
critical period. Information on animal
life comes primarily from investiga-
tions in the nearest caves containing
bone remains which from archaeologi-
cal and C-14 evidence could be dated
to the same period.

If we begin from the north, we trav-
el first over the massive north Euro-
pean ice-sheet. At Hald, near Viborg,
the edge of the ice made a sharp an-
gle. From here it extended westward
towards England, and to the south lay
West Jutland free of ice. Eastwards
the ice edge extended down through
mid-Jutland. At intervals there were
enormous gaps in the ice, out of which
poured torrents which carried enor-
mous quantities of suspended sand and
silt. These rivers flowed in ever shift-
ing courses down over the great sand-
plains they had themselves built up.
The plains were absolutely sterile, and
even the mounded islands which pro-
jected above the river plains were
largely barren. They resembled a des-
ert with wind-worn stones, and only
here and there had some sparse patch-
es of green.

Upper: Europe 20,000 years ago. }

Lower: Landscape and flora in the
Older Dryas period. 1. Mountain avens,
Dryas octopetala. 2. Purple saxifrage.
3. Moss campion. 4. Arctic willow. 5.
Mountain sorrel. 6. Viviparous knot-
grass. 7. Creeping willow species. 8. Club
moss. 9. Alpine meadow rue. 10. Thrift.
11. Moonwort. 12. Sea buckthorn scrub.
13. Rock-rose, Helianthemum nummula-
rium. 14. Dwarf birch. Reindeer, a wild
horse, and a ptarmigan can also be seen.
From a water-colour by Ingeborg Frede-
riksen, in the Museum of Natural Histo-
ry, Arhus.
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France

The barren landscape extended fur-
ther to the south-west, and it was first
brightened by green areas where rein-
deer could graze, in Holland. In France
there was more vegetation and ani-
mals were more abundant. Wild horses
and bison as well as reindeer ranged
in small herds in these areas. Huge
mammoths with shaggy dark brown
hair and enormous tusks also lived
here, along with musk-oxen and saiga
antelopes; the musk-ox is an arctic an-
imal and the saiga antelope a steppe
animal, but during the Ice Age they
overlapped with each other on the
steppe-like tundra of middle and west
Europe.

These areas must have been an el-
dorado for hunters, and it was in fact
here that the men lived whose culture
reached an artistic zenith in this pe-
riod of the final culmination of the
Ice Age. With pieces of ochre and
black ferrimanganese they depicted
the animal life of the time in their un-
rivalled wall paintings in the French
cliff caves.

Further to the southwest the plains
became more luxuriant and greener.
Near the Spanish border, at the foot
of the relatively low westerly outliers
of the Pyrenees, one would have ex-
pected to find forest. The Atlantic
Ocean was only a few miles to the
west, and the warm Gulf Stream could
run through the deep Bay of Biscay
close in to the coast, but trees were
lacking and shrubs were few. The sum-
mer temperatures were too low for
even the most hardy tree species. In-
stead there was a luxuriant vegetation
of grasses, enlivened by flowering
plants of a cold-tolerating nature. On
south-facing slopes the curious dwarf
bush, Ephedra, resembling a horsetail,
which preferably grows on steppe, was

present. The arctic fox also lived here;
this is a genuine arctic animal, but
during the Ice Age it was completely
at home even in southernmost France.
The presence of frost fissures, traces
of solifluction, and other geological
phenomena, is evidence of a very cold
tundra climate. The Pyrenees were
covered by a large ice-cap, and in the
area north of these mountains the ve-
getation changed in character going
from west to east. The treeless tundra
near the Atlantic Ocean was soon re-
placed by a “park tundra” where small
pine groves alternated with tundra,
and near to the Mediterranean the
pine forest became continuous. To the
east the Alps were covered by a large
independent ice-sheet.

Italy

In North Italy around the river Arno
the plains were covered by coniferous
forest. Scots pine was most numerous,
mixed with patches of mountain pine
or common spruce. Silver fir occurred
sparsely, but apart from a few birches
there were no deciduous trees.

On the other side of the Appennines
which were completely treeless, there
grew open pine forest with a little
common spruce. Silver fir was not pre-
sent; it was replaced by larch, which
unlike silver fir can tolerate a dry con-
tinental climate and has equally low
warmth-requirements. Only the har-
diest deciduous trees could exist there:
some birch and aspen, but no beech
and none of the more warmth-loving
trees such as lime and oak.

Greece

During the Ice Age the Adriatic Sea
was a forested plain, with only a bay
of the sea at the southern end. In the
mountains near the Aegean Sea, the
vegetation was especially remarkable.
The mountains were clad with open
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pine forest, whilst in the great valley
plains not a tree was to be seen; usu-
ally the reverse is found. In the val-
leys it was warm and dry, and the ve-
getation consisted of xerophilous gras-
ses and wormwood; plants of the
Goose-foot family, Chenopodiaceae,
were also abundant. Everything was
characterized by dryness. It is obvious
that here in the valleys it was not cold,
but dryness, which excluded tree
growth. This is the decisive difference
between the cold tundra and the dry
steppe, and we realize with some sur-
prise that the rainfall in southeast Eu-
rope must have been extremely low
during the Ice Age. A low precipita-
tion is the only possible explanation as
to why these valleys, which were
wooded both before and after, were
unforested during the Ice Age, in spite
of the fact that the lower tempera-
tures must have tended to increase the
humidity by reducing the evaporation.
The mountain tree cover was cha-
racterized by the predominance of
pine and the presence of a few decid-
uous trees. Beech trees occurred here
and there, and, even though it has not
definitely been established, we must
assume that more warmth-requiring
deciduous species such as oak and
lime found refuges in warm and suf-
ficiently moist places in the lower
mountains during the Ice Age.

From Rumania to Vienna

A journey from the Rumanian low-
lands towards the north-west would
first have traversed wide continuous
steppes where trees only occurred
along the rivers. Enormous dustclouds
of fine clay particles, “loess”, blew
from time to time over the plains. In
the area where Vienna now stands,
there was abundant sunshine, but little
warmth. The ground was covered with
grasses and herbs, but no trees were
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to be seen; the vegetation bore the
mark of a cold and dry climate, and
also of the peculiar, humus-free, clay
soil, the loess.

In this area one could have met
reindeer, blue hares, lemmings, and a
few arctic foxes — all arctic animals,
and it would also be possible to find
arctic plants such as Dryas, mountain
avens. But on the other hand, steppe
plants also occurred, and wild horses
ranged in the area. On this journey
from Rumania to Vienna the bound-
ary between steppe and tundra has
been crossed, even though the transi-
tion to this “loess tundra” was very
gradual.

A summary of this survey of Eu-
rope during the glacial maximum,
would first and foremost be as fol-
lows:

The Ice Age climate has totally al-
tered the landscape of the whole of
Europe; the great vegetation belts are
completely changed, and this is also
true of the animal life, and even of
the soil. But what can we conclude
with any certainty concerning the cli-
matic conditions in this particularly
cold phase 20,000 years ago?

A temperature depression
of at least 10°C

Firstly it must be made clear that the
fall in temperature was very great, and
was just as pronounced in the Medi-
terranean area as in Europe north of
the Alps. From the fact that the tree-
lines in the Alps, Pyrenees, and Ap-
pennines were at least 1600-1700 m
lower than today, and that the tundra
and its fauna extended all the way to
Vienna in the southeast and to the
Bay of Biscay in the southwest, we
can conclude that the summer temper-
ature was at least 10°C lower than
now. Important new investigations on
the extent of permafrost during the



Ice Age have given the same result.
Permafrost, or the presence of per-
manently frozen subsoil at a certain
depth, with only the uppermost layers
of soil thawing in the summer, pro-
duces several easily recognizable dis-
turbances in the upper soil layers
which make it possible to demonstrate
its occurrence during the Ice Age. In
France, permafrost was absent only in
the warm southeasterly provinces bor-
dering the Mediterranean. Experts
have calculated from this evidence
that the temperature in central Eu-
rope during the coldest phase was
about 12°C below that of the present
day.

Reduced precipitation

The temperature depression during the
Ice Age was previously thought to
have been somewhat smaller (5-8°C),
according to calculations based on
changes in the position of the snow-
line in the mountains of central and
south Europe. The snowline marks the
altitude above which the snow does
not melt during the summer; its posi-
tion during the last glaciation can be
determined with the help of the easily-

recognizable corries which occur where
snow collects year after year, and
which form the source of glaciers.
Such corries can be found everywhere
in the mountain chains, far below the
present snowline, but yet not as far as
one would expect from the downward
displacement of the tree-line. There is,
however, a satisfactory explanation for
this discrepancy; the snowline is in
fact not only determined by tempera-
ture but also by the amount of precip-
itation. If the climate was drier during
the Ice Age, then there was obviously
less snow to melt. This was exactly
the case; it is demonstrated by the
striking numbers of steppe animals
and steppe plants which- occurred all
the way to the Atlantic, by the wide
distribution of loess even in western
Europe, as well as by the occurrence
of genuine steppe in Greece during the
Ice Age. Climatologists have also cal-
culated theoretically that precipitation
in Europe would be considerably re-
duced when the ice-sheet was so wide-
spread and the Atlantic Ocean was
cooler. On the other hand, there was
a belt of high rainfall across the Saha-
ra, which is now so dry.

The final phase of the Ice Age, 13,000-8,300 B.C.

The final phase of the Ice Age, the
so-called ‘“Late-Glacial” phase, was
characterized by a decisive ameliora-
tion of the climate. The north Euro-
pean ice-sheet retreated in stages from
Denmark, and around 10,000 B.C. its
southern boundary was a little north
of Scania (southern Sweden). If it
were possible to take a look at the
Danish landscape at that time, what
impression would first strike us with
particular force?

The light earth

The absence of trees would naturally
be immediately obvious, but then we
are used to see Denmark as an open
country. The light colour of the land-
scape would probably be more sur-
prising. The vegetation was still of a
very open character, apd even where
herbs and small shrubs grew more
closely and produced a predominance
of green, the light and, in sunlit con-
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ditions, nearly white earth formed a
universal background for the green.
This light earth characterized the land-
scape, and this would strike us as un-
usual. The word “earth” usually sug-
gests darkness, for example in poetic
phrases such as “the dark earth”.

It is the large content of humus
which makes earth dark, but the depo-
sits left by the ice were without hu-
mus; on the other hand they contained
lime. This is the reason for their grey-
ish-white colour. Humus did not yet
exist — all soils were raw and unleach-
ed. Today we can only see such raw
earth near the sea-shore; the outer-
most sand-dunes along the coast of
West Jutland, the “white dunes” with
lyme- and marram-grass, can give us
some idea of the light landscape of
10,000 years ago.

In spite of the presence of consider-
able amounts of lime and a few other
nutrients, the Late-Glacial raw earth,
even when it contained clay, was poor
to a marked degree. The surface lay-
ers of the clay-containing raw earth
are only gradually converted into hu-
mus-rich, fertile soil after a slow “ma-
turation”, the result of many different
and highly complex chemical and bio-
logical processes. The maturation of
the Late-Glacial raw earth commen-
ced almost as soon as the first plants
had taken root in it, but the process
was very lengthy, not least because
the climate was still cool and the ve-
getation was for a long time rather
sparse.

Humus formation is also retarded
when the upper layers of soil are un-
stable, as they were during the Late-
Glacial period, especially in its earlier
stages. As long as there was no dense
and continuous protective plant cover,
the uppermost layers of soil, especial-
ly on hills and slopes, were constantly
exposed to erosion by wind and rain,
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whilst cloudbursts washed out deep
gullies. Fresh raw soil was thus con-
stantly brought to light.

Plants

The Late-Glacial Dryas-flora

See colour plate facing p. 16.

The barren but lime-rich raw soil
which the plants were to invade as
soon as Denmark became ice-free, was
only suitable for particularly unde-
manding species. The climate also was
still unfavourable, with short and cool
summers. The first flora was recruited
to a large extent from the hard core
of glacial plants which had survived
in West Jutland even during the last
cold climax.

The most characteristic plant of the
“cold” component of the Late-Glacial
flora is Dryas octopetala, mountain
avens, whose small leathery leaves are
especially common and easily recog-
nizable in the Late-Glacial clay layers.
Thus we refer to “Dryas flora”, “Dry-
as layer ’(upper and lower) and “Dryas
period” (Early and Late), when we
discuss the “cold” Late-Glacial plants
and the Late-Glacial layers or divi-
sions of time (see p. 29). Dryas is of-
ten praised for its beauty: it has large
ivory-white flowers on long stalks
arising from woody creeping stems
which form a dark green carpet.

The tiny leaves of two creeping wil-
low species, less than 5 cm. high, Sa-
lix herbacea, dwarf willow (called “the
world’s tiniest tree” by Linnaeus) and
Salix polaris, arctic willow, are also
common in Dryas deposits. The re-
semblance between them is so great
that only experts can tell them apart.
The third willow species, Salix reticu-
lata, is easy to recognize, however, by
the slightly larger leaves with their
finely netted veins which have given
the species its name. These three in-



5. Leaves of arctic plants found in Dryas
clay. Above, Dryas octopetala, centre,
dwarf birch, and below, arctic willow
(From N. Hartz).

conspicuous willow species are espe-
cially characteristic of the cold Dryas
flora; their present habitats are lim-
ited to an even greater degree than
Dryas itself to the high mountains and
the tundra.

On the other hand the dwarf birch,

Betula nana, whose small rounded

leaves are so frequent in all Late-Gla-
cial layers, also grows commonly at
low altitudes and in bogs — for exam-
ple, as close to Denmark as in Sma-
land in southern Sweden. It is thus
not a true member of the typical
Dryas flora.

Although leaves and twigs of these
dwarf shrubs are the most frequent
remains in Late-Glacial deposits, a
number of herbaceous plants should
also be mentioned as being charac-
teristic members of the Dryas flora,
even though they occur more sparsely.
Purple saxifrage, Saxifraga oppositi-
folia, a small plant with large violet
flowers, is a typical mountain species
and the most beautiful of the Late-

Glacial saxifrage species. Moss cam-
pion, Silence acaulis, is another joy to
the eye at flowering time; its compact,
slightly rounded tussocks can be com-
pletely pink with countless numbers of
stalkless flowers. Saussurea alpina,
Alpine saw-wort, is a small thistle
without prickles and with purple flow-
ers distinguished by their pleasant va-
nilla fragrance. Less eyecatching is
mountain sorrel, Oxyria digyna, but
its leaves with their high vitamin-C
content were certainly as important in
the diet of Late-Glacial man as they
are in that of arctic people today.

Thrift as an Ice Age plant

It will surprise all who know this ele-
gant plant from the Danish seashore,
that thrift, Armeria maritima, must
be included in the Dryas flora. It has
also given geologists headaches to find
that Armeria fruits are so characteris-
tic of Ice Age deposits in middle and
west Europe, and especially in deposits
dating from the colder periods. This
is one of the reasons why the Ice Age
Armeria was considered to have been
A. arctica, which is an arctic plant
having no connection with the sea-
shore. A definite species-determina-
tion has only become possible after an
investigation of the pollen of the ge-
nus has revealed new and interesting
details.

The European species of Armeria
have all been found to consist of two
types of plant, A and B, which are
equally frequent and can only be dis-
tinguished by the fact that their pol-
len and styles are clearly different.
This remarkable dimorphisin is an ex-
pression of physiological differences
which make self-pollination impos-
sible: A-pollen can only germinate on
B-styles and B-pollen only on A-styles.
This situation, however, does not hold
for the arctic species, which has only
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one type of plant and one type of pol-
len: it is monomorphic. Since the Ar-
meria species which was so widespread
in Ice Age Europe is now known to
have had two types of pollen, it could
not have been the arctic one.

A mountain variety, A. maritima
var. planifolia, occurs in the British
Isles, the Faroes and Iceland, but not
in the Scandinavian peninsula; this
variety differs in several ways from
the coastal type. The most striking dif-
ference is that this variety can form
compact raised tussocks, unlike the
coastal type and the monomorphic
arctic species. Since this mountain va-
riety is dimorphic, there can hardly be
any doubt that it is a living relic of
the cold-tolerant Armeria species
which was so characteristic of the
cold phases of the Late-Glacial period.

6. Thrift consists of two types of plant;
the A-type has a smooth stigma and
coarsely sculptured pollen, whilst the B-
type has a warty stigma and finely sculp-
tured pollen. A-pollen can only germi-
nate on a B-stigma, and B-pollen can on-
ly germinate on an A-stigma. Both types
of pollen are common in Late-Glacial
deposits. (Drawing by Ingeborg Frede-
riksen from Johs. Iversen 1940).
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Common. characteristics of the
Dryas flora

Low temperature requirements, short
growing season, and hardiness are fea-
tures common to all the species
grouped here as the Dryas flora. Some
of them, such as dwarf willow and
mountain sorrel, can tolerate snow
cover most of the year and still man-
age to flower and set seed in the brief
growth period. Others, such as Dryas
and Armeria, can survive the cold and
the storms of winter, even in the most
exposed places, without a protecting
snow layer.

Sea buckthorn and wormwood

The Dryas flora seemed to correspond
so well to the arctic vegetation, that
the development of the Late-Glacial
vegetation was for a long time inter-
preted by reference to the vegetation
belts found in the north European po-
lar zone. This opinion had to be re-
vised when a closer study of the pol-
len of the Late-Glacial deposits pro-
duced astonishing results, which com-
pletely upset the picture.

The first discovery was of the pol-
len of sea buckthorn, Hippophaé
rhamnoides. This thorny shrub is well-
known, because its branches with their
attractive orange berries are frequent-
ly displayed in florists’ shop-windows.
The original home of sea buckthorn is
probably the west Asiatic steppes,
where it is most frequent; from here
it spread westwards across Europe
during the Ice Age. It came to Late-
Glacial Denmark as the first pioneer
shrub on dry raw soil.

Later it was also discovered that the
pollen of wormwood, Artemisia, ap-
pears in all Late-Glacial deposits, and
in such quantities that one is forced to
the conclusion that it must have been
one of the most widespread plants,



7. The Oland rock-rose blooming on
Great Alvar on Oland, the only place
where this plant, so widely distributed in
the Late-Glacial period, has survived
(R. Sterner).

even in the first pioneer vegetation.
This was completely unexpected. True
enough, one extremely rare worm-
wood species grows in the mountains
of Norway and Scotland, but its pol-
len differs from the other wormwood
species, which in northern Europe are
lowland plants with a pronounced
easterly distribution. Unfortunately
the pollen grains of these species are
so alike that up to now it has not
been possible to determine the species
to which the Late-Glacial pollen be-
longs. However, it is probably not too
rash to assume that our native field
wormwood, A.campestris, and com-
mon wormwood, A. vulgaris, already
grew in Denmark in Late-Glacial
times.

The Oland Rock-rose

The Oland rock-rose, Helianthemum
oelandicum, was the next surprise. It
was found that the pollen of this spe-
cies occurs frequently in Danish Late-
Glacial deposits and, moreover, in the
lower, older layers. The Oland rock-
rose is famous in Scandinavia since
the only place in the whole world
where it is found is the Swedish island
of Oland. Here, in compensation, it is

so common on the “Greater Alvar”
that in the flowering season it colours
large areas of the massive limestone
slabs yellow when the sun shines. If a
cloud passes the sun, the Oland rock-
rose immediately closes its flowers,
and the Alvar is grey-green until the
sun comes out again. We may thus
conclude that this interesting little
dwarf shrub has also at certain times
coloured southfacing raw soil slopes
in Denmark yellow during the Older
Dryas period. In Denmark the species
was soon displaced, but on Oland it
has managed to survive on the Alvar,
and remains there as a living witness
of the Late-Glacial rock-rose vegeta-
tion.

Three more rock-rose species also
occur on Oland, and at least one of
them, our native Helianthemum num-
mularium, was already found on
southfacing slopes in Denmark in the
Early Dryas period, although less fre-
quently than the Oland rock-rose. In
contrast to the last mentioned species
it has fewer but much larger flowers
— see no. 13 on the plate facing p. 16.

Late-Glacial refuges and relics

The Alvar on Oland harbours many
other rare plant species with peculiar
discontinuous or isolated distributions

8. From Great Alvar, Oland’s limestone
plateau which is a refuge for many Late-
Glacial plants. (R. Sterner).
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9. The present distribution of Ephedra
distachya and the occurrence of fossil
Ephedra pollen of the distachya-type.
The species appears to have still been
present on the Alvar of Oland in the At-
lantic period. (From Johs. Iversen, 1954;
more recent pollen finds are not shown).

in west Europe. Areas such as the Al-
var are regarded as being ‘“refuges”
for these species, since it is thought
that they grow there as “relics” — re-
mains from a time when they had a
wider and more continuous distribu-
tion because the conditions at that
time suited them better. Many of
Oland’s relics have an “easterly” char-
acter, in that they first become com-
mon far into eastern Europe.

It was believed that these species
were relics from a drier, warmer time,
in short the Sub-Boreal period, which
according to the classical climatic
scheme was especially warm and dry
(see p. 14). But pollen records have
now shown that some, at least, of
these relics had already immigrated to
Scandinavia in the Late-Glacial peri-
od. This is true of the elegant small
Gypsophila fastigiata, a species re-
lated to the pink, pollen of which was
found in layers from the Early Dryas
period on Bornholm. This species has
also survived on the Alvar but not in
Denmark. However, a species which
has survived here is the purple milk-
vetch, Astragalus danicus, a legumin-
ous plant with pretty blue flower clus-
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ters, whose pollen is found in Danish
Late-Glacial deposits. This, too, is an
eastern species, with its centre of dis-
tribution in West Siberia at the bound-
ary between forest and steppe. In
Denmark it is a relic from the Late-
Glacial period.

Sainfoin, a southern European
chalk plant

Sainfoin, Onobrychis viciifolia, is an-
other illustration of the strange fact
that in the Ice Age certain plants had
a far more northerly distribution than
today. Sainfoin is a south and central
European leguminous plant, which
grows at high altitudes on mountains
in limestone areas and has disputed
relic occurrences on chalk hills in cen-
tral Germany and south-east England.

In Denmark this handsome plant
with its pinnate leaves and long-stalked
clusters of pink flowers is sometimes
cultivated as a garden plant, or as
fodder on poor fields, from which it
may escape and grow wild on chalky
soil. Its extremely characteristic pollen
has been found on Funen in layers
from the Older Dryas period, and it
has been found in central Sweden to-
gether with Dryas pollen in clay which
was deposited shortly after the ice
there had melted. Since sainfoin is
highly specialized for pollination by
insects, the possibility of long-range
transport of pollen by the wind can be
excluded.

Ephedra — a steppe plant

The greatest sensation and discussion
was aroused by the discovery of Late-
Glacial pollen of Ephedra, a most re-
markable horsetail-resembling small
shrub, grey-green, with reduced scale-
like leaves and bright red fruits. Ephe-
dra is related to the conifers; all its
species are found in deserts and on
steppes, apart from the small dwarf



shrub E. distachya, which has isolated
occurrences in some bone dry alpine
valleys and on sand-dunes in Brittany.
The characteristic pollen of this or a
closely related species has been found
in Late-Glacial deposits in Denmark
and in other places in northern Eu-
rope, although somewhat sparsely.

But did Ephedra really grow in the
north, or did this pollen come flying
from long distances? The dispersal of
the pollen of Ephedra distachya can-
not be particularly effective, since
hardly any Ephedra pollen was found
only a few paces from one of its best-
known habitats in the Alps (Valais),
where it grows together with sea-buck-
thorn, wormwood, and other Late-
Glacial plants.

Taken in connection with other fos-
sil finds of steppe animals and steppe
plants, and the distribution of living
relics, the appearance of Ephedra in
southern Scandinavia in the Late-Gla-
cial period is understandable enough.
It demonstrates particularly clearly
that the Late-Glacial vegetation must
be regarded in the light of the condi-
tions further south during the glacial
maximum. The fauna and flora at that
time had, as outlined in the previous
section, a pronounced steppe-element
as far west as in France. The present
occurrence of Ephedra in Brittany is
a typical example of a glacial relic.

Cornflower and other weeds

Cornflower, Centaurea cyanus, once
coloured our rye-fields blue, and the
sight awakened pleasure in the city-
dweller and annoyance in the farmer.
Now this weed has been eliminated in
most areas, and cornflower will prob-
ably soon be seen only as a decorative
garden plant. Since cornflower has

been widespread throughout Europe

and W. Asia as a weed in winter corn,
it has been difficult to decide its ori-

gin. General opinion, however, has
been that its native area was in
the easterly Mediterranean countries,
where it grows wild on the dry steppes.
Once more, pollen analysis brought a
surprise when the easily recognizable
cornflower pollen was found on Funen
in layers from the early Late-Glacial
period. Other finds were soon made,
and it is now clear that it has been a
widespread Late-Glacial plant in
northern Europe, until displaced by
the advance of the forest.

This and other more recent discov-
eries of weed species in glacial depo-
sits in Europe support a hypothesis
put forward on theoretical grounds by
an English research worker. He sug-
gested that the original home of the
weed flora was to be found in the
moraine deposits which bordered the
edge of the ice during the Ice Age.
But one must also assume that the
coastal vegetation has made its con-
tribution to our weed flora.

Here in Denmark and in southern
Sweden, great plantain, Plantago major,
knawel, Scleranthus annuus, spurge,
Euphorbia, hemp-nettle, Galeopsis,
and other species as well as cornflow-
er have been identified in Late-Glacial
deposits. None of these are today so
closely confined to cultivated land,
however, as is cornflower.

Common characteristics of the
Late-Glacial pioneer flora

It was thus a highly complex flora,
with species from north and south,
east and west, which met as colonizers
on the newly created Danish land. To
begin with the Dryas flora was still
dominant, because it was still rather
cold for the other colonizers, but as
the climate became a little milder, the
others quickly established themselves.

Common to all these species is first
and foremost their requirement for
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abundant light and their preference
for a limy soil. Poor soil or a chilly
climate is less important, not because
these species prefer to starve or to
freeze, but because light and lime are
the most essential factors. Where it is
warm and the earth is rich in humus,
other less hardy but larger and strong-
er species soon arrive and shade out
the pioneers.

The poorness of the raw soil

On the new ground there were no
competing neighbours, and there was
plenty of light. But the poorness of
the raw soil in nutrient substances,
apart from lime, was naturally a prob-
lem for the Late-Glacial pioneer
plants. This is shown by the fact that
so many of them today are renowned
for their low nutrient requirements.
This is true not only of several al-
ready-mentioned species, e.g. Dryas
and the Oland rock-rose but also of
lesser burnet, Sanguisorba minor, and
hoary plantain, Plantago media, both
of which can today be found wild on
chalk slopes, undoubtedly as relics
from the Late-Glacial period. Chalk
and limestone are particularly poor in
nutrient substances because they do
not contain clay particles which in as-
sociation with humus form the most
important part of the nutrient capital
of the mull.

One of the most important nutrient
substances, and which is most fre-
quently lacking in raw soil, is nitrogen.
For the leguminous plants, however,
this is no problem. They can utilize
atmospheric nitrogen with the help of
small bacteria-containing nodules on
their roots, in which the bacteria act
as nitrogen “fixers”. The leguminous
plants are also especially well repre-
sented in the Late-Glacial flora. This
relationship was long overlooked since
they are almost exclusively insect-pol-
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linated and spread their pollen very
poorly; moreover, their leaves are not
preserved in bogs. However, in the
Danish Late-Glacial deposits a consid-
erable number of species of milk-
vetch, Astragalus, have been found;
especially common, even in the oldest
layers, was Alpine milk-vetch, A. al-
pinus. As already mentioned, sainfoin
immigrated very early, and so did kid-
ney vetch, Anthyllis vulneraria, and
bird’s foot trefoil, Lotus corniculatus.
All three species are capable of grow-
ing on pure chalk, and they are some-
times cultivated because of this toler-
ance; the latter two species, moreover,
grow on the “white dunes” and in fact
everywhere where raw earth comes to
light, e.g. on cliff landslips. The le-
guminous plants with their nitrogen-
fixing ability have contributed to a
high degree to open up the raw earth
for other plants.

Among the Late-Glacial shrubs sea
buckthorn is a typical example of a
“raw earth” plant. It has small nodules
on the roots resembling those of the
leguminous plants, and it is known
that they function in the same way as
nitrogen fixers.

No similar plant communities
exist today

The vegetation which developed on
the young moraine deposits differs
widely from that found today in areas
with corresponding climatic condi-
tions. This situation was not only due
to the richness in lime and deficiency
in soil humus; it was especially due
to the fact that the competition be-
tween the plant species had only just
begun and had not yet reached a point
of equilibrium. Such equilibrium exists
within the corresponding climatic belts
in Europe today — if violent human
attacks have not destroyed the natural
vegetational balance.



Light plants and temperature

Since, as already mentioned, light is
the decisive factor for the Late-Gla-
cial pioneer plants, their distribution
is not so much determined by temper-
ature as by the occurrence of non-
wooded areas. They can only grow in
places where dense forest is absent for
some reason —on tundra, alpine moun-
tain zones, steppes, the sea shore or
on cultivated ground. During the Ice
Age both temperature and precipita-
tion were lower than today, and the
southern forest border was probably
pushed northwards by the dryness in
easterly areas, whilst its northern limit
was simultaneously displaced a long
way south. Those steppe plants which
could tolerate the cold thus grew in
far cooler conditions than previously.
In the park-like landscape between the
tundra and the steppe, arctic and
steppe plants met, and from here
steppe plants and animals migrated
westwards through the open park tun-
dra.

The Ice Age was a time of prosper-
ity for the light-demanding plants, but
few conclusions concerning their tem-
perature requirements can be reached
from their present-day distribution in
Europe.

Earlier conflicting opinions on
Late-Glacial temperatures

Estimates of Late-Glacial temperatures
were uncertain for a long time owing
to the fact that comparisons between
the Late-Glacial vegetation and the
present-day vegetation zones are im-
possible. This is clearly reflected in the
literature. When Nathorst had demon-
strated the Dryas flora in Scania, he
believed that it corresponded exactly
with the high Arctic flora, familiar to
him from Spitsbergen. On the other
hand, Gunnar Andersson maintained

that the temperature must have been
milder since a flora of water-plants
could always be found together with
the Dryas flora even in the deepest
layers. He suggested that the mean
temperature for the month of July
had increased from 6°C. to 9° in the
Dryas layers.

The Danish zoologist A. C. Johan-
sen went even further. On the basis of
his studies on the well-preserved shells
of molluscs in Danish Late-Glacial
lake deposits, he concluded that the
mean July temperature varied between
8° and 14°C; the latter high tempera-
ture was reached in a temporary mild
interval in the middle of the Late-Gla-
cial period, namely the Allerpd oscil-
lation (see p. 30).

Agquatics as climatic indicators

Johansen was strongly opposed by his
zoological colleague, C. Wesenberg-
Lund, in a lively discussion in the
Danish Geological Society (1906). The
latter maintained that aquatic orga-
nisms were unsuitable as indicators of
prevailing temperatures. This excellent
expert on lakes pointed out that the
low altitude of the sun in the polar
regions results in a greater reflection
of sunlight from a lake’s surface and
a reduced warming of the water as
compared with lakes in lower Ilati-
tudes. From this it must be expected
that today’s arctic lakes will be colder
than the Late-Glacial Danish lakes,
even though the air temperature may
have been the same. This argument
seemed convincing. Nevertheless, later
investigations have clearly shown that
the northern and the altitudinal limits
of aquatics in Scandinavia and the
Alps and also in Canada, are parallel
with the forest limits, quite independ-
ently of the sun’s altitude. This is pos-
sibly due to a compensation for the
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increased reflection by the longer sum-
mer day-length in higher latitudes.

In fact, aquatics have several ecolo-
gical features which make them espe-
cially valuable for the geologist in his
attempts to ascertain the Late-Glacial
temperature curve with the help of
plant fossils. Compared with trees, wa-
terplants have a far higher dispersal
rate, partly because they are spread
particularly effectively over long dis-
tances by migrating waterbirds and
produce seed already in the year of
establishment, and partly because they
do not require any maturing of the
soil before they can thrive. Aquatics
therefore react far more rapidly to a
rise in temperature than do the tree
species. It has thus been found that
every improvement of climate during
the Ice Age has been first registered
by aquatics — the trees were often de-
layed in their reaction.

The chronology
of the Late-Glacial

Once the trees had eventually ap-
peared, however, the extent and dense-
ness of the forests became the best ex-
pression of the changing climatic con-
ditions. This is elegantly registered in
the pollen diagrams, where the com-
bined curve for birch, pine, and aspen
follows a characteristic course which
can be found in all Danish diagrams.
Carbon-14 determinations have con-
firmed that the maxima and minima
in this curve occur simultaneously eve-
rywhere, from the Alps to Denmark
and from Ireland to Poland. These ve-
getational changes were presumably
conditioned by world-wide climatic os-
cillations, even though the changes
were naturally only registered clearly
and in a similar way in pollen dia-
grams from those areas which in Late-
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Glacial times were covered by the
broad zone between thick forest and
pure tundra. From no other period of
such length as the Late-Glacial do we
have such a detailed and reliable tem-
perature curve. The chronology of the
Late-Glacial based on pollen diagrams
can thus be regarded as particularly
reliable.

It should be pointed out, however,
that one source of error caused some
uncertainty until it was cleared up; the
problem was that glacial deposits in
Denmark and other countries contain
well-preserved pollen grains of pre-
quaternary or interglacial origin. Such
“secondary pollen” is thus also found
in Late-Glacial deposits, when these
consist partially of clay washed down
from the moraine. Many of the
washed-out pollen grains can immedi-
ately be recognized as being seconda-
ry, i.e. pre-quaternary types, but not
all of them can, and so a false picture
of the Late-Glacial vegetation may be
obtained.

It is however possible to subtract
the secondary pollen from clay-con-
taining Late-Glacial deposits, by means
of a simple calculation based on pol-
len analyses from the moraine clay.
The diagrams thus obtained are in
good agreement with diagrams from
purely organic lake sediment or “gytt-
ja”, which does not contain secondary
pollen. Since the curve for secondary
pollen is an indicator of the degree of
clay admixture, it registers solifluction
and similar processes to some degree,
and always shows maxima in cold pe-
riods and minima in warm periods.

The earliest tundra period

The boundary between the Full-Gla-
cial and the Late-Glacial periods is not
always set at the same point. Here in
Scandinavia it is often fixed at the
start of the retreat of the ice-sheet



from its outermost limit in mid-Jut-
land, and there is no doubt that this
does indicate the beginning of an im-
provement in the climate. However,
the boundary in pollen diagrams is set
appreciably later, where a marked rise
occurs in the pollen curve for worm-
wood, since this is regarded as being
the first clear indication for a rise in
temperature. But there are few pollen
diagrams available from north of the
Alps which reach so far back in time,
and none at all extend appreciably fur-
ther. This fact in itself indicates a pro-
nounced rise in temperature at around
11,000 B.C., since before this time
powerful solifluction processes pre-
vented a normal sedimentation. The
sea temperature in Vendsyssel also
shows the first rise at this time.

The only Danish pollen diagram
which goes so far back in time, comes
from Lake Bolling between Silkeborg
and Herning. The pollen analyses just
below the increase in the wormwood
curve give us an impression of the
poor tundra vegetation at the bounda-
ry between the Full-Glacial and Late-
Glacial periods. Grasses dominated
the higher, drier ground, sedges the
wetter. Dryas, dwarf willow, species of
saxifrage, club mosses, thrift, harebell,
grass of Parnassus, sea plantain and
others also occurred; all of them
plants that tolerate an arctic climate,
even though the latter species are com-
mon in Denmark this very day. Heaths
of dwarf birch and willow were the
highest form of vegetation. The ice
had by that time retreated from North
Jutland, and the ice-bridge to England
had long been disrupted.

The transition to the Late-Glacial
period was quite gradual. Pollen dia-
grams from Lake Bolling show that sea
buckthorn, the Oland rock-rose, hoary
plantain, and water-plants immigrated
shortly after the rise in the wormwood

curve. The appearance of these species
indicates a continued amelioration of
the climate. Trees, however, were still
absent, so the vegetation must still be
classified as a tundra. But heaths and
scrub of sea buckthorn, willow, and a
little juniper, Juniperus communis,
prepared the soil for the tree growth
which was only lacking because the
trees, on their advance northwards,
had still not reached that area.

The Bolling period:
10,500-10,000 B.C.

When eventually birch, Betula pubes-
cens, and rowan, Sorbus aucuparia,
appeared, they quickly occupied the
most favourable places and displaced
the sea buckthorn. This first Late-Gla-
cial warm phase is known as the Bol-
ling period, after the locality where it
first was demonstrated. It has only
been demonstrated in Denmark in a
few places in northern and western
Jutland, apparently because the ice-
sheet during its retreat from Denmark
left behind a landscape with enormous
quantities of dead ice. The more or
less stable surface where higher plant
growth could take root, and the basins
in which sediments could settle, could
only be formed after the gradual melt-
ing away of this dead ice.

In the Bolling period pine advanced
from the south-east up to Poland and
mid-Germany, but not to Holland or
to Denmark. The vegetation here was
a “park tundra” with birch woods on
the warm places and tundra on the
cold north-facing or damp areas. Park
tundra was perhaps the dominating
type of vegetation in Late-Glacial
Denmark, but it is probable that the
distance between the pure tundra in
the north and the continuous forest in
the south was even greater at that time
in Europe than it is today in North
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10. “Park tundra” in the southernmost part of Greenland. In Late-Glacial Denmark
park tundra was very widespread, but its soil, flora and fauna were very different from
the present-day type.

America and North Asia, where park
tundra forms a broad zone.

Older Dryas period: 10,000-9,700 B.C.

The amelioration in climate was fol-

lowed by a deterioration; the trees dis-
appeared and tundra again became
dominant for a time. This cold thrust
lasted only a few centuries. When the
temperature again began to rise, many
lake basins were formed over the
whole country, and sediments contai-
ning plant and animal remains were
deposited in them. But, just as in the
previous Bolling oscillation in West
Jutland, this rise in temperature was
also introduced by a treeless pioneer
phase, which is considered as still be-
longing to the Older Dryas period; its
interesting flora has already been de-
picted (see p. 20). The boundary be-
tween the Older Dryas period and the
succeeding, well-known Allerpd period
is set at the point where the birch
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curve begins to rise. We must remem-
ber, however, that this boundary may
not be simultaneous everywhere.

The Aller¢d period: 9,700-9,000 B.C.

A significant discovery was made in
the year 1901 by the botanist N. Hartz
and the geologist V. Milthers. In a
brickworks pit near Allergd in North
Zealand, they found proof of a dis-
tinct climatic change within the Late-
Glacial period — the “Allerod oscilla-
tion”. The two researchers were puz-
zled when in the great exposures they
observed running through the clay a
broad band of clay-free gyttja, which
divided the clay into a lower and an
upper layer. Hartz demonstrated the
presence of the characteristic Dryas,
flora in both clay layers, whilst in the
gyttja layer he found traces of tree
birch, Betula pubescens, and aspen,
together with the bones and shells of
animals which today are found in the



forest region. A similar profile is
shown in fig 11.

From this it was clear that the gyt-
tja layer in itself was evidence of a
temporary climatic improvement. The
upper and lower Dryas-layers were, to
begin with, considered to be synchro-
nous with the Younger and Older
Dryas periods, but it soon became
evident that these time divisions could
not be established from the composi-
tion of the layers, since local condi-
tions can be very important. The pol-
len diagrams give a more reliable re-
cord of the temperature curve and
their evidence is at its clearest when
there is no significant change in sedi-
ment-type, i.e. when gyttja (not clay)
was deposited during the Older and
Younger Dryas periods as well.

The Allerpd oscillation is expressed
clearly in all diagrams, but not in the
same way in all parts of the country.
Whitebeam, Sorbus aria, is at present
only to be found on Bornholm, which
it reached before any other tree in the
Late-Glacial period. More important,
pine reached Bornholm simultaneous-
ly with birch and dominated in the
forests, while there is no absolute cer-
tainty that it grew in the rest of the
country in the Late-Glacial. The fre-
quency of the pine pollen here is so
low that it could be explained as being
due to wind-transport from the dense
pine forests of Germany, but pine may
still have occurred sparsely during the
later part of the Allerpd period. Birch,
at any rate, was strongly dominant,
aspen and rowan less common, and
the tree-like goat willow, Salix caprea,
was also present. Juniper and willow
species were common shrubs, and bird
cherry, Prunus padus, was found too.

Summer temperatures

There must have been a considerable
fall in the summer temperature going

11. Brickworks pit at Ruds Vedby, wit
an Allergd layer appearing as two dark
gyttja stripes with an intermediate layer
of white, clayless lake marl.

from south-east to north-west. In the
south-eastern part of the country the
forest was continuous, although the
unstable soil as yet led to clearings in
the forest. Water and marsh plants
such as fine-leaved water dropwort,
Oenanthe aquatica, and reed-mace,
Typha latifolia, and the shade-tolera-
ting land plant bittersweet, Solanum
dulcamara, as well as light-demanding
plants such as sheep’s bit, Jasione
montana, and Seseli libanotis, show
clearly that the climate in southern
Denmark was temperate with an aver-
age July temperature of 13—-14°C. The
relatively minor role played by pine,
except on Bornholm, was probably due
to the fact that, after its late immigra-
tion from the south-east, it had diffi-
culty in invading a country which was
already covered by birch forest.

A slight deterioration of climate oc-
curred in the middle of the Allerpd
period, and caused a maximum of
juniper at the expense of the trees, but
afterwards the temperature rose again
and reached a culmination for the
Late-Glacial period. All the pollen
curves for herbs were depressed with
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12. Bearberry, Arctostaphylos uva-ursi,
which began to flourish when humus be-
gan to form on sandy soil in the Allergd
period.

the exception of the cold-avoiding,
shade-tolerating species meadowsweet,
Filipendula ulmaria, and stinging net-
tle, Urtica dioeca. Humus formation
began, and heath plants such as crow-
berry, Empetrum nigrum, bog whortle-
berry, Vaccinium uliginosum, and
bearberry, Arctostaphylos uva-ursi,
began little by little to appear in sandy
areas.

The Younger Dryas period:
9,000-8,300 B.C.

The next temperature decrease occur-
red with a strange suddenness; it can
be demonstrated over the whole of
Europe north of the Alps and the Py-
renees, and characterizes the Younger
Dryas period. The trees did not dis-
appear entirely in south-east Denmark,
but a very open park tundra replaced
the forests. Tundra became universal
in north-west Jutland, but it was not
exactly similar to the tundra of the
Older Dryas: crowberry had replaced
the Oland rock-rose and other calci-
colous pioneer plants. Dwarf shrub
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heaths now occurred throughout the
country. In addition to dwarf birch
and juniper, plants such as crowberry,
black bearberry, Arctostaphylos alpi-
nus, and even, although extremely
rarely, common heather, Calluna vul-
garis, were present. The vegetation
corresponded much more closely to
that of the present day northern forest
limit. As to temperature, a total de-
crease of 3 to 4°C. from the last,
warm part of the Allerpd period can
be demonstrated. The retreat of the
ice-sheet ceased, and massive moraines
were formed at this time in southern
Norway (the Ra stage), mid-Sweden,
and southern Finland (Salpaussdlka).

The Late-Glacial winter temperatures

The Late-Glacial chronology is based
upon changes in vegetation which re-
flect changes in the temperature con-
ditions during the growing season, or
in other words, in summer warmth.
Not much is known of temperature
conditions during the winter.

Only a few plant species depend on
a low winter temperature in their dis-
tribution. One exception, apparently,
is the umbelliferous Pleurospermum
austriacum, a chiefly Asiatic plant spe-
cies which now in Scandinavia is only
found in a few mid-Swedish “ravines”,
steep-sided valleys originally caused by
cloudbursts, and known for their espe-
cially low minimum temperatures.

The western limit for Pleurosper-
mum falls almost exactly along a line
dividing an eastern area where the av-
erage January temperature is —2°C.
from a western area where the aver-
age is higher. It appears that Pleuro-
spermum seeds, which remain on the
umbels throughout the winter, require
especially low winter temperatures in
order to be able to germinate. The oc-
currence of Pleurospermum on Born-
holm in the Allerod period would seem




to show that the winters must have
been at least 2°C. colder than today,
whilst the summers as already men-
tioned could at most have been 3°C.
colder. However, the presence of
thrift, Armeria maritima, in the Full-
Glacial period and in the coldest pha-
ses of the Late-Glacial suggests that
the winters were not extremely cold.
In contrast to its arctic relatives, this
species today avoids areas with very
cold winters, i.e. with January mean
temperatures below —8°C.

Precipitation

As previously mentioned, p. 19, the
precipitation was considerably reduced
throughout Europe during the Full-
Glacial period, and perhaps most of
all during its latest phase. There is
scarcely any doubt that the precipita-
tion in the Late-Glacial also was less
than today, even though it undoubted-
ly increased somewhat as the ice re-
ceded and the sea temperature rose.
The occurrence of Ephedra and other
“steppe plants” supports this opinion.
On the other hand, one must bear in
mind that the lower temperature re-
duced evaporation, and thus gave rise
to greater moisture. Only the warmer
parts of the Late-Glacial period can
be assumed to have been rather dry,
especially of course when they are
compared with the cold phases.

The situation was presumably very
similar with regard to snowfall. The
pollen frequency of pronounced snow-
bed plants such as mountain sorrel
and common sorrel, Rumex acetosa,
which are both wind-pollinated, is low
compared with the numerous pollen
grains of e.g. rock-rose, whose species
do not tolerate prolonged snow-cover.
It must therefore be assumed that the
snowfall in the Late-Glacial period
was only moderate, at any rate during
the milder phases.

Animal life and hunters

Reindeer and other tundra animals

The reindeer is the characteristic ani-
mal of the tundra. Reindeer could be
found in Denmark throughout the
whole of the Late-Glacial period, in
the cold phases perhaps especially dur-
ing the summer, and maybe a few in
the winter. There are altogether more
than 200 Danish finds of reindeer,
mostly shed antlers of course, but also
various pieces of the skeleton. A rein-
deer skeleton excavated in 1938 near
Villestofte on Funen, fig. 13, is unique;
it is the most beautiful of the extreme-
ly few complete reindeer skeletons
that have been found in European de-
posits. The skeleton has been dated by
pollen analysis to an early phase in
the Older Dryas period, and is thus
one of the oldest Danish reindeer
finds. We may be confident, however,

13. The unique reindeer skeleton from
Villestofte on Funen, where it was exca-
vated in 1938. It is the most beautiful of
the very few complete reindeer skeletons
found in European deposits. It has been
dated to the Older Dryas period. (U.
Mghl).
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14. The lower jaw of a suslik, found by
Steenstrup in 1877 in Late-Glacial depo-
sits in the cliff at Ngrre Lyngby in
Vendsyssel. (D.G.U.).

that reindeer immigrated even earlier,
at any rate to Jutland, which became
icefree long before Funen.

Together with the reindeer came its
worst enemies, the wolf and the wol-
verine.

The lower jaw of a wolf is known
from the Dryas clay in Denmark, and
a find of wolverine is known from the
Allerpd period. The wolverine was al-
ready present in Holstein in the early
tundra period, as was the lemming.
Lemmings must also have lived in
Denmark during the Late-Glacial pe-
riod, even though traces of them have
not yet been found. The blue hare, an-
other member of today’s poor arctic
tundra fauna, is known from a single
find from the Younger Dryas period.

15. A wolf lower jaw found in Allergd
brickworks pit, deep in the Dryas layer.
The jaw probably comes from the Older
Dryas period. (U. Mghl).
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Tundra birds are only represented by
two finds: the skeleton of a whooper
swan in south-west Scania, in clay
from the Older Dryas period, and the
bone of a ptarmigan from the Young-
er Dryas. The whooper swan only ap-
pears in present-day Denmark when
on migration, and the ptarmigan does
not occur at all.

The sparseness of finds of tundra
animals is partly owing to the fact that
it still has not been possible to find
human settlements with well-preserved
bone remains from the Late-Glacial
period. A find of the large salmonid
whitefish, Coregonus lavaretus, in ice-
lake clay near Tistrup, south-west of
Arhus, is notable for its great age; it
can not be younger than the B¢lling
period and is probably older. Whitefish
is to some extent a cold-water fish and
appears to have been common through-
out the Late-Glacial period. It has
held its own in Denmark to the pre-
sent day, however, and now has a pe-
culiar distribution, see Danmarks Na-
tur, vol. 2. Perch and pike have also
been found in Late-Glacial deposits.

Late-Glacial steppe animals

In 1877, Japetus Steenstrup found the
lower jaw of a European suslik, Sper-
mophilus rufescens, in a profile in the
coastal dunes near Norre Lyngby, see
fig. 14. The suslik is a small, reddish-
yellow rodent, which today occurs on-
ly on the steppes, where it lives social-
ly in holes in the ground. The nearest
place of occurrence is in south-east
Russia. Like many other steppe ani-
mals it had a wide distribution during
the Ice Age, extending right to north-
west France. Steenstrup’s discovery
gave rise to theories of a steppe peri-
od between the tundra period and the
forest period, but when after many
years no traces of steppe plants and
no new fossils of steppe animals had



16. The wild horse from Vedelshave on Funen. It is shown here modelled on a sand
wall with the original bones set in the sand. Designed and photographed by Uirik
Mghl. Se page 35.

been found, this theory of a steppe
period was again abandoned.

The next discovery of a steppe ani-
mal was not made until 1933, when
two horse bones, which could be dated
by pollen analysis to the end of the
Younger Dryas period, were found
near Fjerritslev in Hanherred. The
bones must have belonged to wild
horse. Some bones found later at the
bottom of a bog further east in Han-
herred are probably also from about
the same time. Finally, parts of a wild
horse skeleton were found underneath
a spring chalk deposit, near Vedelsha-
ve on Funen, fig. 16. Although only
one pollen analysis from the inner
part of the skull is available, there is
scarcely any doubt that it must be
dated to the Older Dryas period. It
may sound surprising that wild horses

appeared so early in Scandinavia, but
the evidence is strengthened by an
even older find from Holstein: a bone
found in a dwelling site layer from the
earliest tundra period. The wild horse
thus lived alongside the reindeer
throughout the Late-Glacial period.
Bison were also present in the Dan-
ish park tundra. Three old bison finds
are known, but these were undated. It
was originally assumed that the Dan-
ish bison was a forest animal like the
aurochs and the present-day, nearly
extinct, European bison. When new
bison finds appeared, all the material
was subjected to pollen analysis, and
it was shown that four finds, two from
Funen and two from North Jutland,
could be dated to the Younger Dryas
period, but only one to the succeeding
Birch-Pine period of open forest. This
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17. The forehead of a bison found on
Funen. The find is from the Younger
Dryas period, and the animal was asso-
ciated with open park tundra, in contrast
to the present-day European bison, which
is a forest animal.

bison was therefore not a forest ani-
mal like the present-day race. More-
over, this race is smaller than the fos-
sil Danish bison, which has been de-
termined by the zoologist, M. Deger-
bol, to be a special variety, Bison bo-
nasus arbusto-tundrarum.

The suslik, wild horse, and bison in

Denmark were descendants of the Ice
Age steppe fauna which had lived fur-
ther south, and they fit naturally into
the picture which now, based on pol-
len analysis, has been revealed of the
Late-Glacial conditions of northern
Europe. They are just as little evi-
dence of a real steppe climate in Den-
mark as is the steppe plant Ephedra,
see p. 25, but they emphasize the spe-
cial character of the Late-Glacial fau-
na and flora.

The first reindeer hunters

In the last part of the Ice Age there
were several human cultures in Eu-
rope, which had specialized among
other things in the game which they
hunted. The culture of the reindeer
hunters is the best known in North
Europe.

A knife of reindeer horn, found in
a layer of clay at the bottom of the

L ol -

18. A picture from the great Bialowieza primeval forest in Poland, where the European
bison still lives wild. European bison can also be seen today in many zoos, including
our own Zoological Gardens. The animal has been preserved from extinction by these
stocks and by the now quite large wild population in Poland. Photo by J. Fabijanowski.
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Qresund, seems to come from the
Older Dryas period, judging from a
pollen analysis, and it is thus the old-
est trace of reindeer hunters yet found
in Denmark. It has some similarities
with finds from the famous Ham-
burg culture, which is however even
older, belonging to the close of the
earliest tundra period. These hunters
apparently lived in tents — ballast
stones for skin tents have been found
— close to small lakes, and fortunately
they had a habit of throwing refuse
and pieces of game animals into the
water, and a rich bone collection was
preserved. The discovery of bones of
cranes, geese and swans, as well as
other evidence, shows that these sites
were summer habitations. Reindeer
bones were the most abundant by far,
and most of them had been split to
gain access to the delicious marrow.
A few complete reindeer skeletons
with stones in the ribcage must be in-
terpreted as sacrifices. Marks on a
number of bones are evidence of the
hunters’ use of bows and arrows. The
whole culture was apparently based
on reindeer.

Reindeer hunters from
the Younger Dryas period

The shaped reindeer-antler axes, fig.
20, found in several places in Den-
mark are completely unknown in the
Hamburg culture. The same is true of
an arrowhead found in the important
coast profile near Nerre Lyngby be-
tween Lonstrup and Lekken in Vend-
syssel, in which Steenstrup made his
discovery of the suslik. Since one of
the antler axes was found on the beach
very near the site where the arrow-
head was found, the two discoveries
were linked and referred to the “Lyng-
by culture” which for a long time was
the oldest known in Scandinavia. The
flint arrowhead and other objects were

19. Reindeer horn knife collected from
clay deposits at the bottom of the Ore-
sund. (Nat. Mus.).

found in a saucer-shaped basin filled
by freshwater deposits, through which
the sea has constantly cut new sec-
tions. The arrowhead came from a
sand-layer which later could be dated
by pollen analysis to the Younger
Dryas period.

Since several reindeer bones were
found in this layer as well as remains
of whitefish and the previously men-
tioned bones of blue hare and ptarmi-
gan, it could be anticipated that there
was a reindeer-hunter dwelling site
from the Younger Dryas period in the
neighbourhood. But as yet it has not
been possible to find such a site in
Denmark; we must once again turn to
Holstein to find dwelling sites from
that time. They are situated in the
same valley as the dwelling sites of the

20. Arrowhead (ca. 1/1) and reindeer
antler axe (1/9) from Ngrre Lyngby,
Vendsyssel.
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Hamburg culture, and are similarly
found beside small lakes where the re-
fuse layers can be studied. The tools
of this culture, the Ahrensburg cul-
ture, are very different from those of
the Hamburg culture; among other
things arrowheads and reindeer-horn
axes have been found which resemble
those of the “Lyngby culture”, al-
though the arrowheads of the Ahrens-
burg culture are much smaller than
the Danish ones. The reindeer-horn
axes are thought to have been used
chiefly for smashing bones; they are
quite unsuitable for chopping wood.
No less than 20,000 bones chiefly of
reindeer were found near the largest
dwelling site. Among other animal
species, two must be noted which have
not yet been demonstrated in Den-
mark, namely the lemming and the
desman, Desmana. The first men-
tioned is also a tundra animal today;
the latter is associated with streams
and rivers in steppes.

The fauna of the Aller¢d period

Just as the flora of the Allerpd period
and the immediately preceding transi-

21. Willow branch gnawed through by
beavers, from the Allergd period (left);
for comparison a beaver-gnawed branch
from a zoo. (From V. Nordmann 1924).
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tion period was very varied, the fauna
too was of a strangely mixed compo-
sition, especially with regard to mam-
mals. The tundra and steppe animals
of the glacial period could not move
further north and still found favoura-
ble conditions in the as yet light birch
forests, whilst simultaneously forest
animals had followed the forests into
the country.

The extinct Irish Elk

The Irish elk, Megaloceros giganteus,
and the common elk were the charac-
teristic animals of the time. They
somewhat resembled each other, but
the Irish elk was by far the larger.
Only two of the five Danish finds of
Irish elk have been dated by pollen
analysis; both are from the Allerpd
period. One is a shed antler found
near Vavlinge on Funen; the other is
from Holsteinsborg on Zealand and
consists of bones from three animals,
an adult and two young. A third find
presumably also belongs to the Alle-
rod period, to judge from the condi-
tions of sedimentation. There have
been remarkably few finds of Irish elk
from the last glacial period in Europe;
only in Ireland have many skeletons
been found, by far the most from the
Allerpd period.

It appears that the Irish elk had a
final flowering at this time in north-
west Europe, before completely dy-
ing out. The youngest find is from the
transition between the Younger Dryas
period and the Birch-Pine period. The
original homeland of the Irish elk was
presumably like that of the wild horse
and the bison, the open steppe country
in the south-east. From here it spread
westwards in company with them dur-
ing the Ice Age. Strangely enough not
one single bone of an Irish elk has
been found in the rich bone material
of the Hamburg and Ahrensburg cul-



22. The beautiful elk skull found in Allergd layers in Gentofte. The splendid antlers

have a span of 1.65 meters. (U. Mghl).

tures, even though a skeleton has been
found in Holstein in layers from the
earliest tundra period.

Elk and other game

A number of elk antlers are known
which according to descriptions of the
sites, must be assumed to be Late-Gla-
cial. Two skeletons have been dated
with certainty to the Allerpd period;
one was unearthed at Gentofte and
belonged to an unusually powerful
animal with mighty antlers, almost
1.65 m across from tip to tip, fig. 22.

The beaver had also spread across
the whole of Denmark; it is a typical
forest animal, and reveals its presence
by marks of its gnawing on branches
and trunks. Thus numerous willow
branches bitten through by beavers
were found in the previously men-
tioned profile near Norre Lyngby in
Vendsyssel, fig. 21. The convex sur-
faces left by the concave rear side of
the beaver’s powerful front teeth are

highly characteristic. The beaver-
worked branches lay in the clay layer
of the profile which dates from the
Allergd period.

The wild horse was still present here
just as the reindeer, and the same is
undoubtedly true of the bison, even
though finds are still lacking.

Of carnivores, only brown bear
which is a typical forest animal, and
wolverine have been demonstrated as
yet; but the wolf, already present in
the Older Dryas period, must also
have taken its share of the abundant
game, together with the lynx which is
known from the somewhat younger
Ahrensburg culture.

An elk-hunter dwelling site from
the Aller¢d period

Whilst new reindeer-hunter dwelling
sites from the oldest and the youngest
phases of the Late-Glacial period were
being found in Holstein, archaeologist
Erik Westerby succeeded in 1944 in
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23. Arrowheads from Bromme dwelling
site. The dwelling was found in 1944 and
is the oldest Danish dwelling site known;
it is dated to the Allergd period. (Nat.
Mus.).

finding the first Danish Late-Glacial
dwelling site. Geological investigations
have dated it with certainty to the Al-
lerpd period.

The archaeological material is of an
ancient type — flint axes are not pre-
sent, for example — and it differs dis-
tinctly from both the older Hamburg
culture and the younger Ahrensburg
culture. It contains many arrowheads
of the same type as the Lyngby arrow-
head, which is much coarser than
those of the Ahrensburg culture. The
larger ones can possibly have been
used on throwing-spears. Since the
dwelling site thus can not be related
to any known culture, it has given its
name to a new culture, the Bromme
culture, from the finding place Brom-
me, north-west of Sorg.

The site lies on a low elevation,
which was covered by light birch for-
est with the elegant little fern, Dryop-
teris linnaeana, in the undergrowth.
The bone material was sparse and
strongly decomposed. It differs dis-
tinctly from that of the Holstein dwel-
ling sites: elk, not reindeer, was the
chief game animal of the Bromme
hunters. As well as the many elk bones
and the not infrequent bones of bea-
vers, two reindeer antler fragments
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and the remains of a wolverine skull
were found; some horse bones are
also thought to belong to the culture-
layer, and the same is probably true
of the bone of a red deer. Such a com-
bination of dominating forest animals
and of remnants of the tundra and
steppe animals of the open landscape,
is exactly what one would expect in a
dwelling site from the Allergd period.
Bones of swan and pike also occurred.

Smaller Late-Glacial animals

Lower animals, especially molluscs
and insects, have also contributed to
an understanding of the natural con-
ditions in the Late-Glacial period. The
use of fresh-water molluscs to illus-
trate the course of the temperature
curve has already been mentioned, see
p. 27; new finds of species which only
live in temperate areas, for example
Bithynia leachi, confirm the mildness
of the Allerpd period. The discovery
of land snails such as Vallonia pul-
chella and Buliminus obscurus in the
culture layer of the Bromme site is
additional confirmation. A small land
snail, Vertigo genesi, which today has
a peculiar distribution, was also found
here. It occurs in the Alps in the up-
permost forest zone and the alpine
zone; otherwise it is only known from
some scattered localities in England
and southern Scandinavia, where it is
apparently a relic from the Late-Gla-
cial period. In dry-land deposits such
as loess, the snail fauna is often the
only, and in any case the most impor-
tant, means of estimation of the con-
temporaneous climatic conditions, and
it has been of great significance for
the investigation of the glacial climate
in loess areas.

Flying insects spread just as rapidly
as waterplants, and are thus among
the first to indicate climatic tempera-
ture variations. The Danish Quaternary



insect fauna is relatively well known
through the researches of the zoologist
Kai L. Henriksen, and some interest-
ing beetle finds will be mentioned here.
Amara alpina and Bembidion glaciale
are characteristic “cold” species from
Dryas layers. Amara alpina to-day is
only found in the mountains and tun-
dra of the arctic region, while Bembi-
dion glaciale occurs exclusively in the
mountains of middle and south Eu-
rope, not in the arctic. The Allerpd
period, on the other hand, is charac-
terized by insect species which today
are only known from the temperate
zone. Among these species was Chlae-
nius illigeri, which today has an easter-
ly but by no means northerly distribu-
tion; it occurs from North Germany
to Siberia, but neither in Denmark nor
in Sweden.

The Late-Glacial sea

The, increase in sea-level and the rising
of the land after the melting of the
inland ice

The water-level of the oceans was
lower than to-day during the Quater-
nary glaciations, because enormous
quantities of water were stored in the
great ice-masses of North Europe and
especially of North America. As the
ice gradually melted, the sea-level in-
creased, and the Late-Glacial shore-
lines are now usually deeply sub-
merged.

The relationship between land and
sea in areas that were ice-covered dur-
ing the Ice Age is more complicated.
Here, the enormous ice-mass had
pressed the land down just as a heavi-
ly-laden ship is pressed down by its
cargo. The depression was greatest in
the central part of the ice-shield where
the load was greatest, and it was least
in the peripheral areas. Gradually, as

the land was released from the pres-
sure of the ice, it raised itself again.

The uplift has been greatest in those
areas around northern Sweden where
the original depression was largest. In
Denmark the uplift is most pro-
nounced in the north-eastern part of
the country, especially in the northern
part of Vendsyssel, where the Late-
Glacial beach-lines to-day are raised
high above sea-level. Near Frederiks-
havn such beach-lines occur up to 60
meters above sea-level; they decline
towards the south-west and near Ma-
riager Fjord they are at most 6 meters
above s.l. Beyond this point they sink
below the far younger Post-Glacial
shorelines and therefore can not be
followed further.

Two factors thus have affected the
positions of the shoreline in Denmark
simultaneously: firstly the rise in the
oceans since the Ice Age, the “eusta-
tic” factor, and secondly the uneven
lifting of the land, the “isostatic” fac-
tor. These two factors work against
each other, and the domination of one
factor or the other has caused the sea
either to rise (“transgression”) or to
recede (“regression’’). The mechanism
was further complicated by the fact
that the uplift of the land was delayed
in relation to the melting of the ice; it
was a slow process which continued
with decreasing speed through many
thousands of years — in fact it is still
not finished even today.

The Late-Glacial ice-sea (Yoldia Sea),
ca. 13,000—ca. 11,000 B.C.

Whilst the ice melted away from North
Jutland in the transition between the
Full-Glacial and the Late-Glacial pe-
riods, the country still lay deeply de-
pressed. Vendsyssel was broken up
into one large and a series of smaller
islands, surrounded by the ice-cold
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24. The high Arctic bivalve Portlandia
(earlier called Yoldia) arctica, which has
given its name to the Late-Glacial ice-
sea, the Yoldia Sea. (D.G.U.).

Yoldia Sea, named after the high-
arctic bivalve Portlandia (previously
called Yoldia) arctica. This ice-sea
extended further across the Kattegat
and Lasp down to near Zealand’s
north coast, and an arm of the Yoldia
Sea continued down the @resund val-
ley as this was gradually uncovered
by the melting of the ice. The Baltic
Sea was still covered by ice. The de-
posits of the Yoldia Sea are known as
the younger Yoldia clay, to distinguish
them from the older Yoldia clay of
interglacial age, Danmarks Natur, vol.
1, p. 248. They contain a typical arctic
snail and bivalve fauna consisting of
many species. Three of these are to-
day only found in the Polar Sea around
North Greenland, Svalbard, and other
places, where the water has a tempera-
ture of around 0°C.

The Yoldia clay cannot be investi-
gated by pollen analysis since it con-
tains only redeposited pollen, but it
has been possible to date its bivalve
shells by the carbon-14 method, which
shows that the clay was deposited over
a period from about 12,700 B.C. to
about 11,000 B.C. In spite of the high-
arctic mollusc fauna this period must
have been one of climatic improve-
ment, as demonstrated by the rapid
melting of the glaciers of which the
Yoldia clay is itself evidence.

The uplift of the land was faster
than the rising of the oceans, however,
and the sea receded — we do not know
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25. The clam Cyprina islandica. (D.G.U.).

how far. The Yoldia clay is usually
covered by a layer of sand containing
shells of the bivalve Saxicava arctica.

The Zirphaea Sea of
the Bolling period

The climatic improvement in the Bol-
ling period brought with it a new rise
in the sea-level in Vendsyssel, howev-
er. The land continued its uplift unin-
terruptedly, but now the oceans rose
more rapidly than did the land. This
can be observed for example in pro-
files near Skeenmglle Bxk near Ug-
gerby. The Yoldia clay is found at the
bottom of the profile, and is overlain
with a sharp contact by a layer of
gravel, which is much younger than
the clay. It was presumably deposited

26. The oval piddock, Zirphaea crispata.
(D.G.U.).



when the sea rose above the Yoldia
clay which for a time had been left
dry. Above the gravel layer follow
3-5 meters of stratified sand with
clayey layers — the water-depth had in-
creased! Gravel is sometimes found
again at the top. A pollen diagram has
been worked out from the clayey sand
and shows that birch forest had tem-
porarily advanced up to Vendsyssel,
to be succeeded by pure tundra. Car-
bon-14 datings of bivalve shells in the
clayey sand layers lie between 10,400
and 10,200 B.C. and thus place the
birch maximum in the Bglling period.
The beginning of the rise in sea-level
has been determined as ca. 10,600 B.C.
at this locality. The uppermost shells
in the Yoldia clay have been dated to
11,660 B.C.; there is thus an interval
of 1,000 years between the Yoldia clay
and the gravel layer.

The rise in sea-level during the Bgl-
ling period was characterized by a
new mollusc fauna. The arctic mol-
luscs were replaced by a more temper-
ate fauna including such species as the
common mussel, Mytilus edulis, and
the bivalve Cyprina islandica, and the
oval piddock, Zirphaea crispata. The
last-named species is the most warmth-
requiring; the Yoldia sea has become
the “Zirphaea Sea”. It is estimated
from the present distribution of these
species in northern waters, that the
average temperature in the North Jut-
land Zirphaea Sea was ca. 4 to 6° C.

The sea-level fell rapidly around
Vendsyssel during the Younger Dryas
time, and we have no finds of marine
deposits.

Whales, seals, and other
marine animals

The Late-Glacial ice-sea was unfa-
vourable for animals and plants. In
the winter the sea was frozen over,

27. The tusk of a walrus, which was
found washed out on the beach near
Rudbjerg Knude, south of Lgnstrup.
(U. Mghl).

and in the summer there was abundant
drift-ice. The great melt-water rivers
were cold and milky with suspended
clay, and they affected the surface wa-
ter far out to sea. But whales and
seals did occur. Finds of the Green-
land whale, Balaena mysticetus, killer
whale, Orcinus orca, and a whole ske-
leton of a ringed seal, Pusa hispida,
which today lives chiefly around the
coasts of the Arctic ocean, have been
made in the Yoldia clay in Vendsys-
sel. Half of the lower jaw of a polar
bear, found north of Hjorring, in all
probability also comes from the same
period. Furthermore, walrus tusks of
both adult animals and young have
been found on the shore near Lons-
trup; these must also have been
washed out from the Late-Glacial
Yoldia clay.

The arm of the sea which extended
down into the @resund has left clear-
ly visible traces on the Swedish side,
in the form of shore-lines. In clay
layers near Lomma, north of Malma,
which were deposited whilst the ice
was still in the immediate vicinity, a
considerable number of the high-arc-
tic cod species Gadus saida has been
found, and in certain layers a rich flo-
ra of brackish-water diatoms has been
demonstrated. On the Danish side of
the @resund we have only indistinct
traces of the Yoldia sea. The best in-
dicator is a well-preserved bone of a
ringed seal found in a clay layer, near
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Niva, which must however be consi-
derably older since there is evidence
that the ice during a short period of
advance returned over the clay layer.
The possibility that the bone was car-
ried by the ice to this spot from an in-
terglacial marine deposit on the island
of Ven cannot be completely excluded,
either.

Unlike the Yoldia Sea, the Zirphaea
Sea was not characterized by cold
melt-water rivers and large amounts

of drift-ice. The animal life became
richer but occurrences of Zirphaea
layers are few and the material is thus
scarce. Of the great baleen whales, ror-
qual. Balaenoptera physalus, and the
blue whale, Sibbaldus musculus, the
greatest of all living animals, now oc-
curred as well as the Greenland whale.
Long-tailed duck, Pagonetta glacialis,
is the only known representative of
the Late-Glacial sea birds in Denmark.

The Birch-Pine period, 8,300-7,000 B.C.

A change in climate

At the transition point between Late-
Glacial and Post-Glacial, a very sud-
den and steep rise in temperature oc-
curred which in a short time trans-
formed the open landscape of the
Younger Dryas period into continuous
forest. The recession of the ice, which
had come to a halt in mid-Sweden,
was accelerated again; the ground-wa-
ter level sank as a result of the in-
creased evaporation, and many shal-
low lakes became overgrown. A pure-
ly organic sediment was now depo-
sited in all Danish lakes — the wash-
ing-down of clay had ceased every-
where. There can be no doubt that a
new period had begun.

The forest conquers the land

Juniper, crowberry, and
meadow sweet

A strikingly steep and short-lasting
maximum for juniper marks very
sharply the boundary between the
Late-Glacial and Post-Glacial periods
in Danish pollen diagrams and indi-
cates the sudden rise in temperature.
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Juniper scrub must have been the do-
minating type of vegetation in large
parts of the country at that time. Ju-
niper had been there in advance, but
in a rather subdued form, since only
the snow-covered parts could survive
through the winters. The climatic im-
provement made it possible for juni-
per to grow tall and form a richly-
flowering scrub before its most dan-
gerous competitors, the trees, arrived.

The juniper maximum seems to
have been more weakly developed in
the heath areas of north-west Jutland;
instead, the climatic improvement is
here registered as a large maximum of
crowberry. As previously mentioned,
crowberry heaths were already present

‘at the close of the Allerpd period and

they continued, though in somewhat
weakened form, throughout the
Younger Dryas period, but they first
achieved their greatest extent imme-
diately before the Birch-Pine period.
Crowberry heath is found on poor,
humus-containing, sandy soil, and this
is undoubtedly the most important
reason why it only achieved such a
wide distribution in the poor sand
areas of Jutland. This is also the ex-
planation why crowberry did not make



its presence felt before the close of
the Allerpd period; it was then that
washing-out and humus formation
first created the right soil conditions.
Heather, which is a more pronounced
humus- and acid-soil plant than crow-
berry, only became of significance at
a later point in time, even though it
already occurred extremely sparsely in
the Allerpd period.

Meadow sweet, Filipendula ulmaria,
is the third plant that clearly registers
the transition to the Post-Glacial. It
also occurred rather frequently in the
Allerpd period, disappeared again in
the subsequent cold period, and then
simultaneously with juniper achieved
a far greater abundance than ever be-
fore. Since meadow sweet can tolerate
some shade and can also grow on
quite wet ground, it was not immedi-
ately displaced by the birch-forests,
but remained a characteristic compo-
nent of the vegetation in the first part
of the Birch-Pine period. In the flow-
ering season meadow sweet formed a
yellowy-white belt around the lakes
and attracted insects with its charac-
teristic, sweet honey smell.

Water and marsh plants

Naturally, all the water and marsh
plants of the Allerpd amelioration
which had been driven out by the sub-
sequent cold phase, now returned, and
brought new ones with them, such as
hornwort, Ceratophyllum demersum,
species of bladderwort, Utricularia,
and whorled water milfoil, Myriophyl-
lum verticillatum. Most striking is the
finding of fen sedge, Cladium maris-
cus, which to judge from its present
range is more warmth-requiring than
elm and hazel.

The forest succession

The temperature apparently rose so
quickly that the trees could not keep

28. Present-day crowberry heath on sand-
dunes. The crowberry heath reached its
greatest distribution just before the
Birch-Pine period. (S. Sandermann OIl-
sen).

pace. The tree succession found as yet
only records the local spreading of the
tree species and their competition for
light. Aspen and birch had held out
since the Allergd period and through
the subsequent cold period in especial-
ly favourable places. The tree-shaped
aspens were killed by frost but their
root shoots could survive without dif-
ficulty as low, sterile shrubs protected
by the snow in winter. Apparently
birch was in many cases able to form
suckers after being killed by frost.
When the temperature rose again,
birch and aspen immediately grew up
into full sized trees, and spread rapid-
ly from their refuges in all directions.
They overgrew the juniper scrub, first
preventing it from flowering and then
gradually stifling it by their shadow.
Together with birch, Betula pubescens,
the more warmth-requiring silver
birch, B. pendula, which does better
than B. pubescens on dry ground, now
occurred too.

Pine immigrated from the south-
east, and slowly began to force the
birch back. The difference in light re-
quirement of these two trees is not
great, but the greater life-span of pine
was decisive.
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30. The Late-Glacial and Post-Glacial
temperature curve for July. The Post-
Glacial section undoubtedly shows sev-
eral oscillations similar to those of the
Late-Glacial period, but their size is
completely unknown.

The Birch-Pine period thus had a
flying start, but after that the succes-
sion apparently came to a halt. Shade-
trees — spruce, beech, elm, hazel, etc. —
remained absent; the forest remained
a pioneer forest. As an explanation
one can suggest a delayed immigra-
tion. This is undoubtedly true of a
slowly-migrating tree species such as
spruce, which does not require much
warmth and which immediately occu-
pied a place in the forests in the Bal-
kans near its Ice Age refuges. But one
would have expected elm, for exam-
ple, which can spread effectively and
rapidly, to arrive earlier.

An additional explanation can be
put forward, however, which may join
the former one. After the rapid in-
crease in temperature a new recession
may have occurred, which did not in-
hibit birch appreciably, but halted the
advance of the more warmth-requir-
ing tree species and may even have
pushed them back temporarily.

A short climatic recession

Pollen diagrams with closely-spaced
samples from Lake Bolling and East
Friesland have simultaneously (1966)

48

shown that this was in fact the case.
In the diagram from Lake Bolling
(see fig. 29) the beginning of the Pre-
Boreal period is characterized, as usu-
al, by the rapid rise in the birch curve,
whilst the curve for herbaceous plants
and crowberry falls. A sharp but
shortlived fall in the birch curve then
occurs, however, whilst the pollen fre-
quencies of grasses and sedges tempo-
rarily increases greatly. Meadow sweet
reacts in the same way as birch.

It is quite clearly a climatic reces-
sion which is recorded in this manner.
A similar change is moreover also
shown in the microflora, which like
aquatics reacts very strongly to changes
in temperature once a threshold value
has been crossed. In the diagram from
East Friesland, near the Dutch bor-
der, not ony the birch but also the
pine curve shows a steep rise at the
transition to the Post-Glacial period,
and both, but especially the pine curve,
shortly afterwards undergo a sharp
but temporary decline, whilst crow-
berry and herbaceous plants again
have a transitory maximum. There
can not be the least doubt that this
“Friesland oscillation” (K.-E. Behre)
was caused by a short-lived fall in
temperature. The conclusions which
can be drawn from this are substan-
tial. The steep rise in temperature at
the transition from the Late- to the
Post-Glacial period was a pronounced
peak on the oscillating but on the
whole rising temperature curve.

The Post-Glacial temperature curve

Corresponding temperature oscilla-
tions have undoubtedly also occurred
during the ensuing Post-Glacial peri-
od. It is thus a well-known fact that
we today are at a warm peak in an
otherwise slowly waning temperature
curve. However, these minor Post-
Glacial climatic oscillations are for



various reasons difficult to demon-
strate by pollen analysis. The dura-
tion of the waves on the temperature
curve varies; the Friesland oscillation
was one of the short-lived ones, as
was the Older Dryas period and the
depression in the middle of the Alle-
rod period; the order of size here is at
most a few hundred years. The two-
peaked mild Allergd period in its en-
tirety lasted 7-800 years, like the cool
Younger Dryas period, but these, too,
are only minor waves in the great cli-
matic cycles of the Quaternary Epoch.

The light pioneer forest

It is not certain whether the short-lived
Friesland oscillation discussed above
caused visible changes in pollen dia-
grams from the warmer, south-eastern
part of the country. New diagrams
with closely spaced samples will de-
cide this. The climate of the Birch-
Pine period as a whole must be de-
scribed as still moderately temperate.
Judging from the common occurrence
of pollen grains of hop, Humulus lu-
pulus, and the rare finds of fen sedge,
Cladium mariscus, one must assume
that the average temperature for July
was around 15°C., that is to say, a lit-
tle cooler than today.

Delayed immigration must be the
explanation why, even after the short-
lived cold wave had passed, no other
tree species were found apart from the
two birch species, pine, aspen, and two
or three species of rowan. Guelder
rose, Viburnum opulus, was a new
shrub species, and there was also much
willow with some bird cherry and ju-
niper, as in the Allerpd forests. Sea
buckthorn had a short flourishing dur-
ing the juniper-rich transition stage
but then, together with the other light-
requiring pioneer plants, it was forced
back to refuges near the coasts and
other places where new soil was still

31. An extremely well-preserved bear
skeleton from the Hazel-Pine period,
found on Rgsnas. (U. Mghl).

being formed. The Dryas flora too
certainly first and foremost disappear-
ed because of the forest’s shade, but
some species probably held out for a
time in special habitats.

The animal life of
the birch-pine forest

A thorough-going change in the mam-
mal fauna occurred at the transition
between the Late-Glacial and the Post-
Glacial period. The reindeer disap-
peared; whilst no less than 32 finds
are known from the Younger Dryas
time, not a single one is known from
the Post-Glacial period. One would
expect that reindeer could have ad-
justed to the conditions in the light
birch-pine forests, but perhaps the sud-
denness with which the warm period
set in drove it out, since reindeer are
thought to be sensitive to warmth.
The wild horse occurred in the transi-
tion zone between the Late-Glacial
and Post-Glacial periods, and since a
horse has been found in layers from
the Pine-Hazel period it seems certain
that the horse was present right
through the Birch-Pine period, even
though it may have been rare. Only
one find of bison is available from
this period and this species is com-
pletely absent in the rich bone materi-
al of later times. It was replaced by
the aurochs, which together with the
elk made up the big game of the
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Birch-Pine period. As in the Allerpd
period, the brown bear was the largest
carnivore.

These are the documented finds of
Danish mammals from the Birch-Pine
period; but the animal life was richer
than they would seem to suggest. Red
deer was the most important prey in a
Holstein and in an English hunter
dwelling site from that period, and the
deer must naturally also have lived
here, but the Danish red deer material
found in bogs has not yet been exam-
ined geologically. The sparseness of
finds is also due to the fact that no
bones exist in the few known Danish
Pre-Boreal dwelling sites, since these
lay beside lakes with lime-free depo-
sits in which bones are not preserved.

The hunters of the Birch-Pine period

The change from the open, ice-age

32. Flint tools from the Klosterlund cul-
ture. Above are a flake axe and (to the
right) a core axe. These are the first axes
known from Scandinavia which are suit-
able for tree-felling. Below are various
types of scrapers. (Nat. Mus.).
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landscape to the continuous, closed
forest was so decisive that it must
have affected the hunters’ way of life
deeply. Whilst earlier it had been pos-
sible to roam around the open coun-
try and follow the wanderings of the
game, the forest now was a hindrance.
As did the game, the hunters became
more localized, and they had to learn
to adapt to the new living conditions.
The forest was the great challenge; it
demanded inventiveness. The first re-
sult was a new tool: the flint axe. With
this one could chop down trees to
create openings in the forest, or
branches to make a platform on the
damp lake margin, as can be seen in
the Star Carr dwelling site, see below.

The oldest flint axes in Scandinavia
are associated with the Klosterlund
culture demonstrated by archaeologist
Therkel Mathiassen, and named from
a dwelling site at Klosterlund near
Lake Bolling; the culture is dated to
the close of the Birch-Pine period. The
older dwelling sites beside the former
Lake Draved south of Logumkloster
are of the same age and also have axes
of an extremely primitive type.

Information on the game animals
can only be obtained from one corre-
sponding English dwelling site with
the good Danish name of Star Carr
(Starkaer). Reindeer bones are absent;
after red deer, aurochs was the most
important game, with elk, roe deer
and wild boar next in succession. Bea-
ver, wolf, badger, fox, marten, hare
and hedgehog have also been identi-
fied. Among birds, crane, white stork,
grebe, merganser, and plover are wor-
thy of mention. The most interesting
fact, however, is that at this dwelling
site we find the dog, the oldest do-
mesticated animal in Northern Eu-
rope, for the first time. The hunters
of the Ice Age did not have dogs.

We do possess one find in Denmark,
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33. The magnificent Pre-Boreal aurochs skeleton found in Vig Bog in Odsherred. Two
flint arrowheads of the Klosterlund variety lay in the chest cavity; moreover, two flint
arrowtips were found in the ribbones and one of them was overgrown with bone. The
wound had healed. (U. Mghl).

however, which as if in a glimpse
lights up a hunting scene from the
Pre-Boreal period. In Vig Bog in Ods-
herred a complete aurochs skeleton,
fig. 33, was found, with two flint ar-
rowheads of the Klosterlund type in
the chest cavity. Moreover, flint tips
had penetrated into two of the ribs,
one of them grown over with bone
material — the wound had healed it-
self. The animal had thus twice been
exposed to the attacks of hunters.

The earliest history of
the Baltic Sea

When the ice withdrew from the
southern Baltic Sea basin, an enor-
mous lake was formed, dammed up
above sea-level, with an outlet either
to the White Sea or else through the
@resund. Bornholm formed a bridge-

head, connected to Germany, in this
“Baltic Ice-lake” — see fig.37. In the
Younger Dryas period the Alvar of
Oland emerged from the lake as a vast,
flat limestone rock, washed clean by
the waves. At this time the ice-lake
was only separated from the sea to
the west by the narrow mountain Bil-
lingen, and when the ice withdrew
from Billingen’s northern tip an enor-
mous catastrophic draining occurred
as a result of the ice-lake’s higher wa-
terlevel. This catastrophe can be rec-
ognized in the varved clay layers as a
characteristic drainage varve. This
varve has been dated by the Swedish
varve chronology to 8,300 B.C., and
marks the transition from the Late-
Glacial to the Post-Glacial period; it
is in agreement with the C-14 datings
of this transition.

The Baltic Sea thus became con-
nected to the ocean, but because of
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the enormous quantities of meltwater
it was nearly fresh for a few centuries
more. This Baltic Ice-sea endured
from 8,300 — ca. 7,000 B.C. and is of-
ten somewhat misleadingly called the
(Baltic) Yoldia sea — Portlandia (Y ol-
dia) arctica only lived in the Stock-

holm region during a very short inter-
val (about 100 years), nearly 3,000
years after it had disappeared from
the Northern Jutland coastal waters.
The short appearance of this bivalve
in mid-Sweden indicates how strongly
the ice could cool the local seawater.

The Hazel-Pine period, 7,000-6,000 B.C.

During the long Birch-Pine period,
not one tree species appeared which
had not already grown in Denmark in
the Allergd period. Later an eventful
phase began, the so-called Boreal pe-
riod, the Hazel-Pine period, in which
all the tree species of the warm period
immigrated and the forest succession
began. The tree species arrived in a
strange sequence, which did not corre-
spond to their warmth-requirements
as one would have expected, neither
did it correspond to the order in which
they immigrated during the last Inter-
glacial for example. The sequence
must be assumed to have been deter-
mined by the position of the trees’ ice-
age refuges and by their rate of dis-
persal.

The northward migration of
the warmth-requiring tree species

The ice-age refuges of the warmth-re-
quiring tree species, as already men-
tioned, were situated as far south as
in southern Spain, southern Italy, and
the Balkan peninsula. In the Late-Gla-
cial period these species migrated
northwards from there and reached
the great mountain chains from the
Pyrenees to the Carpathians, which
formed an effective barrier. Broadly
speaking there were two routes of im-
migration to the north European low-
lands, one south-westerly and one
south-easterly.
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The south-westerly immigration
went chiefly through the narrow cor-
ridor from Spain to France between
the Pyrenees and the Mediterranean
Sea. The south-east French lowlands
near the Mediterranean were so mild
that the warmth-requiring trees could
use them as a resting stage in the Late-
Glacial period from which to spread
northwards in the Pre-Boreal. Pollen
diagrams show that oak was the first
to enter the warm Rhéne valley in the
Late-Glacial, followed shortly after-
wards by elm and hazel; however,
these trees were not common until the
Pre-Boreal period. Lime and especial-
ly alder immigrated much later in the
Post-Glacial, and beech and hornbeam
came even later.

The south-easterly immigration
from the Balkan refuges was probably
the most important. Pollen diagrams
from Jugoslavia show that oak, elm,
lime and hazel arrived here simulta-
neously; spruce came earlier whilst
beech and especially hornbeam arrived
a little later. From here the way was
open to south-west Poland through
the passage between the Sudety-moun-
tains and the Carpathians, and to
southern Germany through the Dan-
ube valley. In both places the warmth-
requiring tree species arrived nearly
simultaneously, apart from beech and
hornbeam, but elm had a slight lead
in Poland.



The diagrams from warm southern
Switzerland at the foot of the Alps are
very interesting; here oak, elm and
lime immigrated simultaneously. Hazel
arrived later than the other warmth-
requiring trees and there was no Ha-
zel-Pine period. Spruce, silver fir, and
beech were even more delayed, but
upon their arrival caused a total alter-
ation of the mountain forest belts.

The immigration and dispersal
of hazel

As we have mentioned, elm, hazel,
oak and lime reached southern Poland
and South Germany at the beginning
of the Post-Glacial period, and the
same tree species, with the exception
of lime, had arrived in southern
France at a still earlier point of time.
On their way northwards hazel out-
paced the other tree species in north-
west Europe and thus became the first
shade-tree to arrive in Denmark and
Scania; similarly it was first to reach
the British Isles by the western route,
whilst lime lagged behind. Since lime,
like alder, came from the south-east,
the delay was not so great in south-
east Denmark, but it was far greater
in Mid-Sweden, Norway, and Eng-
land. Spruce, beech, and hornbeam
could not keep pace at all with the
others; they were absent in the north
for purely immigration-historical rea-
sons, but soil conditions may have
slowed down the dispersal rate of
spruce in particular.

As the first arrival, hazel spread so
rapidly that it soon characterized the
forest scene. The climate must have
been especially favourable to hazel,
likewise the soil in most places; mull
must have developed nearly every-
where. But the great expansion of ha-
zel was first and foremost due to the
fact that at first it had no serious com-
petitors. Being a shade-tree, hazel

thrives excellently in the moderate
shade of a forest of such pronounced
light-trees as birch, pine, and aspen.
The pollen production of hazel is
poor, however, when it forms an un-
derwood. The “tail” of low pollen
percentages which one usually finds
before the steep rise in the hazel curve
probably signifies that hazel was al-
ready common, but was shaded by the
other trees. The steep rise in the curve
is a sure sign that the shading high
forest had disappeared.

The competition of hazel with
birch and pine

Birch and pine cannot rejuvenate un-
der a thick underwood of hazel. Birch
has a shorter lifespan than pine, not
much more than 100 years, and one
can understand very well the fact that
birch was the first tree to succumb;
pine was then also forced to give way
on good soil — see fig. 34. In poor
sandy areas and on bed-rock, pine was
able to hold its ground — in fact, pol-
len diagrams show that the pine for-
ests achieved their greatest extent in
the first half of this period. Hazel
does not thrive so well on poor sandy
ground, and does not grow so densely
as to prevent the regeneration of pine.

Nor was pine threatened by hazel
on peaty soil or even on very moist
ground, for example along flat lake
shores, but on the common good mull
pine had as little chance as birch of
holding out for any length of time
against hazel under the existing clima-
tic conditions.

Elm, oak, ash, and lime immigrate

Hazel had no difficulty in establishing
itself, because other shade-trees were
lacking. When these at length arrived,
the space was already filled by anoth-
er shade-tree, and even though they
could eventually grow up over the ha-
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35. Picture of mistletoe growing on a
lime tree on one of the warm Mailar is-
lands in Sweden. (From B. Walldén).

zel and then strangle it, this took time.
Elm arrived quite soon after hazel and
perhaps still had a possibility of find-
ing unoccupied spaces. It was more
difficult for oak, which is moreover
more light-requiring than hazel. Alder
came late but had easier conditions;
in its special habitat on wet ground it
is superior to all other species. Lime
immigrated at about the same time as
alder, yet a little later in North Jut-
land.

Special interest is attached to the
immigration of ivy and mistletoe,
which came before the arrival of alder
and lime; it gives information as to
the temperature conditions in the
middle of the Boreal period. First,
however, we must explain how the
distributions of the tree species depend
upon temperature.

The significance of
the temperature conditions

Temperature influences tree distribu-
tion in many different ways; only di-
rect observations in the field on the
influence of favourable, and especial-
ly of unfavourable, temperature con-
ditions on the performance of every
single tree species can give a deeper
understanding of their significance. In
general, however, one can say that
three factors in combination are deci-
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sive for the tree species’ temperature
limit to the north and east: the warmth
of the summer, the length of the
growth period, and extremely low win-
ter temperatures.

The influence of the summer
warmth and the length of the growth
period are closely related, since a low-
er summer temperature can be offset
by a longer growth period, and vice
versa. This can be seen in the fact
that the northern limits of trees in
northern Europe lie along a slowly in-
creasing summer temperature (for ex-
ample July average temperature) from
west (the British Isles) to east; thus
the decreasing length of the growth
season must be compensated by war-
mer summers.

There is no compensation for the
third factor. One single winter night
of extremely low temperature can de-
stroy the vital cambium between a
tree’s bark and the wood, but the po-
sition of this critical minimum tem-
perature, which can have such devas-
tating results, is very different for the
individual tree species. The tempera-
ture conditions throughout the year
are thus of significance and the sim-
plest expression for these is given by
the mean temperature for the warmest
and the coldest month respectively.

The Post-Glacial warm period begins

The immigration and flowering of ivy
in the middle of the Hazel-Pine peri-
od shows that the winter temperature
was about the same as today (January
mean temperature not lower than
about —1°C). It is informative that
mistletoe pollen is found before the
immigration of elm and lime, both in
south-western and in eastern Den-
mark. Mistletoe only produces a little
pollen; moreover it disperses very
poorly and always occurs extremely
sparsely in sediments. The finds of



mistletoe pollen therefore show that
the species has established itself local-
ly. The summers, even before the im-
migration of alder and lime, must ac-
cordingly have been warmer than to-
day, for nowadays mistletoe only oc-
curs wild in a few spots in the warmest
south-eastern part of the country. This
shows that alder and lime, which are
less warmth-requiring than mistletoe,
were only absent because of delayed
immigration.

This fact is even more obvious in
the Oslo area. The explanation is that
ivy and mistletoe berries are eaten by
certain birds during the spring migra-
tion; they do a good job of spreading
the seeds, whereas lime, on the other
hand, has a far less effective wind dis-
persal mechanism. Mistletoe and ivy
are thus especially well-suited for deli-
miting the “Post-Glacial warm peri-
od”.

The occurrence of the European
pond tortoise, Emys orbicularis, is also
a striking testimony to warmer clima-
tic conditions. The oldest Danish finds
dated by pollen analysis go back, like
those of mistletoe, to the later half of
the Boreal period, and show that the
July temperature at that time was al-
ready at least 2° higher than now.
Warm summers are essential for the
hatching of tortoise eggs, which are
laid in small pits in dry, loose earth.

The winter temperature has no
great importance since the pond tor-
toise lies buried in hibernation during
this time. The present breeding range
of the pond tortoise is in southern and
eastern Europe; it occurs in northern
France and West Germany only as an
occasional visitor, never breeding
there.

A dry climate

The Ice Age was, as already men-
tioned, characterised by a dry climate,

36. Pond tortoise found in a bog on
Rgsnazs. (D.G.U.).

and it is clear that already in the Late-
Glacial period there was a change to-
wards increased humidity. In Den-
mark, however, the climate was still
influenced by the fact that the coun-
try was continuous with southern Swe-
den and southern England, so that it
was climatically somewhat more con-
tinental than it is today. A low water-
level can be found in lakes both in
England, Denmark, and further east-
wards, exactly in the Late Boreal pe-
riod. This in fact corresponds excel-
lently with Blytt and Sernander’s dry
Boreal period (see p. 14) and was
probably especially due to the temper-
ature increase. It is possible, however,
that other factors played a part; this
complicated problem has not yet been
solved.

The channel between England
and the continent

The water-level of the oceans rose ra-
pidly throughout the Pre-Boreal and
Boreal periods, but North Jutland was
now, like the rest of Denmark, raised
above the sea, and the shoreline of
that time lies everywhere below the
present sea-level. The North Sea ad-
vanced from the north-west, however,
across the broad land bridge between
England and Jutland, whilst south of
England an arm of the sea stretched
increasingly further eastwards until it
became united with the North Sea.
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37. The history of the Baltic. Top: the
final stage of the Baltic ice-lake, 8,300
B.C.. Middle: the Ancylus lake, 6,500
B.C.. Bottom: the Litorina sea, 4,500
B.C. (From Erik Fromm and V. Nord-
mann).
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The Channel was formed and broke
the connection between England and
the continent.

The Baltic Sea becomes fresh again

Central Sweden rose rapidly, and at
the transition between the Pre-Boreal
and the Boreal period (ca. 7,000 B.C.)
the threshold in the sound between
the Skagerrak and the Baltic Ice-sea
rose above sea-level. The Baltic once
more became an inland lake, called the
Ancylus Lake after the little snail An-
cylus fluviatilis which could now be
found in its sediments. To begin with,
the Ancylus Lake drained across the
mid-Swedish threshold, “Svea Elv”, but
the uneven upheaval of the land soon
caused the water to rise over the Dar-
ser threshold south of Gedser, and the
entire Baltic Sea then had its outflow
through the “Dana Elv”, which flowed
as Europe’s greatest river through the
deep channel in the Great Belt. At the
close of the Boreal period, or perhaps
a little later, the rising of the sea re-
sulted in the penetration of brackish
water in through the Great Belt chan-
nel, but the outwards flow of freshwa-
ter was so strong and the channel so
narrow that several centuries went by
before the influx of salt water could
really be noticed in the Baltic Sea.

The animal life of
the pine-hazel forest

In comparison with the extremely
sparse bone finds from the definitely
game-rich Birch-Pine period, the bone
material from the Pine-Hazel period
may seem overwhelmingly rich, thanks
to the dwelling sites of the Maglemose
culture. Through the thorough investi-
gations of the zoologists Herluf Winge
and Magnus Degerbpl an intimate
knowledge of the higher animal life
of that time has been obtained.



The animals of the open landscape
had almost totally disappeared; one
solitary bone of a horse and of a hare
are the only traces from the dwelling
sites. The great meat-animals, aurochs
and elk, were still frequent but they
were soon to become rarities. The ty-
pical forest animals, red deer, roe
deer, and wild boar were common —
the latter two are found for the first
time in Denmark in this period.
Among beasts of prey, bears and
wolves are old acquaintances, whilst
badger, fox, wild cat, pine marten, and
polecat are new arrivals; to these can
also be added lynx, of which finds
have been made at the transition to
the next period.

Among smaller animals there are,
as one might expect, almost no finds
in the dwelling site deposits; they were
not regarded as game, and only hedge-
hog and squirrel have been found.
One can probably assume that squir-
rels had golden days among the nut-
groves, even though the pine martens
certainly did their best to hold the po-
pulation down to a reasonable size.
For the sake of completeness we can
also mention shrew and vole.

The bird life was no less rich. Ca-
percaillie and black woodpecker must
be mentioned first: stately characteris-
tic birds of the pine forest which had
its greatest extent in this period and
then succumbed. The jay occurred just
as commonly in the deciduous forest,
especially when there were nuts and
acorns to be found, and it must have
contributed to a high degree to the
dispersal of hazel and oak. Cranes and
black storks frequented open swampy
areas in the forest.

Birds of prey were not lacking:
white-tailed eagle, osprey, and Kkite
have been found at the dwelling sites.
But of small birds we know nothing;
the hunters left them in peace.

38. Skull of a wild boar, one of the typi-
cal forest animals of the Hazel-Pine pe-
riod. The skull was found in Grensg
Bog, south-east of Slagelse. (D.G.U.).

The animal life of the lakes

A rich life was also found in the lakes;
beaver built lodges and otter swam
about after fish. Cormorants, too, took
their share of the fish population, and
likewise herons which stood post-like
by the shore, watching for prey. The
bittern hid itself during the day in the
reeds and at night the booming of the
male broke the stillness.

There was a multitude of ducks.
Most stately were the mute swan and
the grey lag goose, whilst a whole se-
ries of duck species has been demon-
strated: mallard, pintail, tufted, long-
tailed, goosander, and others. Besides
these, black-throated diver, great
crested grebe, and moorhen also oc-
curred, and the black-headed gull fre-
quented the lakes too.

Finds of fish remains are surprising-
ly scarce in the dwelling site layers —
only the large fish seem to have in-
terested the hunters. Pike is known
from many dwelling sites and perch
has been found. There is special inter-
est attached to the catfish, Silurus gla-
nis, partly because of its size — it can
today grow up to 4-5 meters long —
and partly because it is a warmth-lov-
ing species which to-day has its main
area of distribution in south-eastern
Europe. A pollen-analysed find from
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Funen dates it to a late phase of the
Pine-Hazel period. It had undoubted-
ly immigrated through the still fresh
Baltic (the Ancylus Lake) perhaps to-
gether with the pond tortoise, men-
tioned previously. Bones of catfish
have also been found in connection
with dwelling sites from a late phase
of the Maglemose culture. The re-
markable occurrence of catfish in Sorg
Lake right up until 1799 must pre-
sumably be regarded as a relic from
the warm period.

The nearness of the Ancylus Lake
can be traced in dwelling site finds by
the occurrence of grey seal and great
black-backed gull. We know that grey
seal lived in this enormous inland sea
from Swedish finds, which among oth-
er things also include the fishes white-
fish, Coregonus lavaretus, burbot, Lo-
ta vulgaris, and some roach species;
these consequently must also have
lived near the Danish Ancylus Lake
coast, which around Bornholm and
Mons Klint lay near to the present
coast-line — see fig. 37.

The discovery of
the Maglemose culture

As we have seen, only flint tools are
known from the Late-Glacial and Pre-
Boreal dwelling sites in Denmark;
none of the associated fine tools of
bone and horn which appeal so greatly
to our imagination and aesthetic sense
have been found. They occur only as
isolated finds unconnected with their
surroundings, but ancient dwelling
sites with bones and bone tools must
undoubtedly lie preserved in the bog
deposits of chalky districts, awaiting a
lucky discoverer. Up to now, however,
the Maglemose culture is the earliest
culture stage to stand clearly illumi-
nated in all its facets by Danish finds.
This culture, which was widespread
over northern Europe, is named after
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Maglemose near Mullerup in West
Zealand, where the first dwelling site
of this type was discovered.

It began like an adventure; two
small girls one day found some “cro-
chet-hooks” of bone. They showed
them to the schoolteacher in Mulle-
rup, M. J. Mathiassen, who was no
ordinary man, and who immediately
perceived the nature and significance
of the discovery. Helped by his pupils
he carried out the first excavation;
bone and flint tools as well as bones
of all sorts of animals came to the
light of day. Matthiassen immediately
informed the National Museum of
the discovery, and a few years later
the dwelling site became international-
ly renowned through the work of the
archaeologist and botanist Georg Sa-
rauw: “A Stone-Age Dwelling Site in
Maglemose near Mullerup” (1903).

The Maglemose people as hunters

It is clear from the finds that the
dwelling sites at Maglemose and the
other Zealand bogs where similar finds
have been made, (Sverdborg, Holme-
gard, Store Amose, and others) were
inhabited by hunters. The children’s
“crochet-hooks” were used as fishing
spears, probably to spear pike; hooks
and nets were also used. Finds of
paddles presuppose the use of boats.
Hunting, however, was more impor-
tant, and here the chief weapon was
the bow and arrow. We even have one
find of a bow 114 meters long, fash-
ioned of elm-wood, which after yew
is the most suitable wood for a bow;
arrows have also been found. Numer-
ous deer-antler axes have come to
light, some with a recess for an edge
of flint, etc. The game which these
people hunted has already been dis-
cussed. The great variety is character-
istic; they did not specialize in a single
type of animal as did the reindeer



hunters. Dogs were the only domesti-
cated animals.

Discoveries in Amose have shown
how the summer dwelling sites were
constructed. Large pieces of pine or
birch bark were laid on floating peat
islands to form a floor layer for a
tent or hut of ground area 4-5 meters
by 6-7 meters. It was a truly well con-
cealed and protected site for the hun-
ters.

The significance of the hazel forest
for the Maglemose culture

It can, however, be questioned wheth-
er hunting and fishing were the chief
occupations of the Maglemose people.
The numerous bone tools and animal
remains must not cause us to overlook
the tremendous importance of nuts as
source of supply. We must remember
that these people lived in a time of
endless nut groves, a Garden of Eden
where one could reap without having
sown. Even those hunting sites, which
were only occupied in summertime
and where nutshells often form com-
plete layers, are evidence of the signi-
ficance of nuts as a source of nourish-
ment. Since the hazel forest enjoyed
the full sunlight, it bore a rich crop,
so there must have been unlimited
quantities of nuts — for once we can
say that there was food in abundance
for the whole population! Hazel nuts
are not only delicious but are at the
same time extremely nutritious, rich
as they are in fatty oils. Obviously
these people would collect great quan-
tities of hazelnuts; they would not
need to learn that from the squirrels
and jays. Naturally, they could also
have collected other types of vegetable
food: berries and other fruits, seeds
(in one of the dwelling sites a great
mass of the nutritious seeds of the
yellow water-lily was found), roots,
and so on — but these were only of

39. Implements from the Maglemose cul-
ture. Extreme left a fishing lure, on the
right a flint-tipped spear, both of bone.
Also shown are 2 deer-antler axes, a fish-
hook of bone, a bone dagger and two
flint axes (Nat. Mus.).

importance as a change in diet and as
a vitamin source.

Apart from the already mentioned
rich dwelling sites of Zealand, dated
to the Boreal period by pollen analy-
sis, we know of many others, including
the “Gudena dwelling sites” in Jut-
land. However, only a few of these
have been dated by pollen analysis,
(for example the aberrant “Kongemose
culture” in Amose and a couple of
Gudena dwelling sites in Jutland), and
no bone tools or animal bones are
preserved from the Jutland sites. Even
so, everything seems to indicate that
the immigration of hazel to Denmark
brought about a cultural blossoming,
even though the quantity of game
cannot have been increased — more
probably the opposite. We must as-
sume that the great hazel forests
formed the ecological foundation for
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the great blossoming of the Magle-
mose culture. It is a well-known bio-
logical rule that an increase in food
supply always leads to an increase in
the number of consumers — the reverse
being equally true. This rule holds for
primitive man just as well as for ani-
mals.

The possible immigration of hazel
with man

It would also be a reasonable guess
that the rapid immigration of hazel,
compared with the late immigration
in the interglacial periods (see Dan-
marks Natur, vol. 1, Glacialer og in-
terglacialer), was due to dispersal by
man. Thus the two oldest Jutland
dwelling sites dated by pollen analysis
characteristically coincide with (Klo-
sterlund) or begin with (Draved) the
first faint occurrences of hazel in the
diagrams. According to C-14 dating it
appears that the immigration of hazel
to the Great Belt area occurred a few

40. Lower jaw of a lynx from a bog near
Lejre. The animal derives from the Ha-
zel-Pine period. (U. Mghl).

centuries earlier than in south-west
Jutland. Perhaps hazel came to eastern
Denmark from the south together with
man via the rivers Oder and Weichsel
and further through Dana Elv. We
have evidence of the use of boats right
from the first beginning of the Mag-
lemose culture.

This is only a hypothesis for the
time being, however; there are too
few certain C-14 datings to build on.

The Older Lime period, 6,000-3,000 B.C.

When Steenstrup proposed the Oak
and Alder periods, the two important
shade-trees, lime and beech, had not
yet been discovered in our bogs. Beech
was first found as a fossil in the year
1873 by the botanist Emil Chr. Han-
sen, later renowned as a fermentation
physiologist; he also demonstrated the
common occurrence of fossil remains
of lime. The unfortunate name “Alder
period” was altered to Beech period,
whilst the Oak period retained its
name for the time being. When it later
became clear from pollen analysis
that elm and ash, as well as oak and
lime, had played a part during the
Post-Glacial warm period, it came to
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be referred to as the Mixed Oak For-
est period. This name is clumsy and
presupposes that the four mentioned
tree species grew together, with oak as
the dominating tree. This was in fact
not the case, and there are good rea-
sons to abandon this lengthy term and
to replace it by Lime period. As we
shall see, lime was the most character-
istic tree of this period, and it was also
the dominant tree species of the pri-
meval forest on the common mull soil.

The Lime period lasted for several
thousand years, and it can be divided
into two well-defined sections: the
Older Lime period (Atlantic period),
where natural factors prevailed, and



the Younger Lime period (Sub-Boreal
period), where the farmers of first the
Stone age and later the Bronze age
altered the forest scene to an increas-
ing degree by clearance and cattle-
grazing.

The stable primeval forest
arises

All the tree species of the warm peri-
od had arrived one by one during the
Boreal period, but the natural balance
between them had not yet been estab-
lished. The first phase of the Lime
period was characterized by great
competition between the tree species.

The competition between
the tree species

What does this word competition sig-
nify? We hear not infrequently of the
struggle between the tree species, with
the struggle of beech against oak as a
classic example, and now and then
this is even cited as an example of the
cruelty of nature. In order to avoid
such misunderstandings it will perhaps
be appropriate to recall that the word
struggle implies a conscious, active
process, which one cannot ascribe to
plants. The competition of trees for
light is based purely and simply on
the fact that their shoots develop in
light and are repressed in shade. It
makes no difference whether the shade
is due to more vigorous branches of
the same individual at a higher level,
or is caused by the passive develop-
ment of other individuals or species.
The competition between shoots, bran-
ches, individuals, and species is one of
the many factors that create and main-
tain the highly complex but perfectly
functioning “‘ecosystem” of a forest.
Ecosystems together with competition

and its significance are fully described
in Danmarks Natur volume 2.

In Denmark only a few tree spe-
cies took part in the competition that
determined the course of the Post-
Glacial forest development — a devel-
opment which had as great a signifi-
cance for the other terrestrial plants
and animals as for mankind. Informa-
tion about the requirements of these
tree species with regard to the environ-
ment is necessary for an understand-
ing of the role they played in the dra-
ma of forest history, both before and
after man intervened as a new and
decisive factor.

Pioneer trees and climax trees

The various tree species are variously
equipped for the competition, depend-
ing upon which place they occupy in
the building up and the maintenance
of the ecosystem. In this way we can
distinguish between two types of tree
species: pioneer trees and climax trees,
which are naturally connected by
transition types.

Pioneer trees have a rapid turnover.
They are usually distinguished by their
rapid growth during youth; they set
fruit at an early age, and they also
have an efficient seed dispersal, even
over longer distances. On the other
hand, they are light-requiring and do
not normally achieve a very great age.
They are often very modest in their
demands as to climate and soil.

Climax trees are slow but strong and
tough. Their growth-rate is relatively
low during youth; when they grow
up together with pioneer trees the lat-
ter quickly outgrow them. But they
tolerate shade and are not strangled in
the light pioneer forest. When the pio-
neer trees die of age, the equally old
climax trees are scarcely yet full-
grown; those which have been repres-
sed by the shade quickly shoot up,
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whilst those which had already reached
the crown canopy spread out to the
sides.

Climax trees begin to set fruit at a
late stage; the seeds are large enough
to contain a rich food reserve which
enables the seedlings to form leaves
and proper roots even in shade. Their
seed dispersal on the other hand is
usually very inefficient and their speed
of migration is low. Climax trees are
demanding in their soil requirements,
especially with regard to humus con-
tent.

The fate of the pioneer trees
in the Lime period

The Pre-Boreal forest was character-
ized by pioneer trees with high light-
requirements: birch, silver birch,
aspen, species of rowan and willow,
together with pine. None of them
could hold their ground in the long
run against the advancing climax trees.
Even the low shade-tree, hazel, was
able, as we have seen, to suppress the
light-trees in most of the habitats.

Pine and birch were still dominant
as mentioned on the very damp
ground, but when alder immigrated it
forced them back everywhere where
the ground was not too poor. On poor
and dry sandy ground in Jutland the
pine forest seems to have persisted un-
til it was suppressed in the competi-
tion with oak, probably sessile oak, and
lime.

There were now only the forest
margins along the lakes and fjords left
for the most light-demanding trees.
Although they were here crowded be-
tween oak and other trees above and
hazel below, there was still abundant
light from the water side. Birch and
pine could still survive on the poor
boggy ground where alder did not
thrive, but the bog pines were low and
stunted and did not flower.
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One cannot say that the pioneer
trees are more poorly equipped in the
struggle for existence than the climax
trees — they did best, in fact, to begin
with, thanks to those qualities that
make them pioneer trees. They are
significant in Nature’s housekeeping
because they improve the environ-
ment, particularly the soil conditions,
for the succeeding, more demanding,
forest generations. Where climate and
soil conditions are unfavourable, pio-
neer trees form stable communities;
this is especially true of Scots pine,
which, apart from its high light-re-
quirement, has many qualities in com-
mon with the typical climax trees, and
is thus a transitional type.

Hazel is forced back

The shade of a thick hazel scrub can
help it to withstand the attack of oth-
er trees for a long time. Under natural
conditions in a forest, hazel does not
form many-stemmed bushes but usu-
ally one- or two-stemmed trees (10—
12 m. high). The life-span of the indi-
vidual stems is only short, and their
fall gives the competitors a chance to
force their way in. Since hazel, how-
ever, has the ability to form quickly-
growing regenerative shoots from the
base of the trunk, any growth of light
trees will normally be stifled. The
growth of shade-trees will probably be
checked, but some will survive and
then, at the next opportunity, shoot
up above the hazels and gradually
strangle them completely in their
shade.

Since lime and hazel have the same
demands as to soil fertility and moist-
ness, it was chiefly lime which took
over the hazel areas. It is clearly
shown in the diagrams that the great
fall in hazel coincides with the in-
crease in lime.

Hazel continued to play a signifi-



cant role in the forest margins along
lakes and fjords, however, and also as
a pioneer tree when gaps appeared in
the primeval forest after the fall of
old trees or tree-groups.

The tree species of the
primeval forest

Lime — the primeval forest’s
commonest tree

The dominance of lime in the Post-
Glacial warm period has only lately
been realized. Examinations of peat-
bogs can easily give an exaggerated
impression of the significance of oak,
since the natural habitat of common
oak includes exactly this low, peaty
ground on the borders of bogs and
lakes. Lime, on the other hand, be-
longs like beech to the normal high
ground, where plant remains are ra-
pidly broken down. In lake deposits
from the warm period the fruits and
leaves, etc. of lime are more common
than the fossils of any other high-
ground forest tree. At the same time,
lime pollen occurs regularly in signifi-
cant percentages, despite the fact that
lime flowers are pollinated by insects
and thus do not disperse the pollen so
effectively as the other common for-
est trees, which have flowers special-
ized for wind-pollination. In addition,
new investigations by Svend Th. An-
dersen have shown that lime in dense
forests has a low pollen production
whilst the pollen production by oak is
very high. In other words, lime was
much more frequent and oak was
much more scarce than the pollen dia-
grams would appear to suggest. From
this we may draw the conclusion that
lime was the dominating tree in the
primeval forest of the Atlantic period.

The lime forest consisted of small-
leaved lime, Tilia cordata, but there
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41. Primeval lime forest in the Bialowie-
za forest in East Poland. A young shaded

lime can be seen between the two old
limes. (Photo by J.J. Karpinski).

cannot be any doubt that broad-leaved
lime, Tilia platyphylla, also grew in
Denmark during the Atlantic period,
even though we only have interglacial
finds at present. This species has an
even poorer pollen dispersal than its
relative, but the presence of its pollen
in small amounts has recently been
demonstrated in English and south
Swedish deposits from the Atlantic
period.

Lime as an example of a shade tree

The wide distribution of small-leaved
lime in the Post-Glacial warm period
is explicable ecologically. Since its
worst competitor, beech, was lacking,
and both the climate and the soil at
that time were favourable for lime, it
was superior in ability to compete
with the other forest trees on the nor-
mal ground. The light-trees, oak and
ash, could not succeed against such a
pronounced shade-tree as lime. If one
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42. The leaf mosaic of the lime. Here, as
with other shade-trees, all the leaves on
the branch are arranged in one plane.
(From P. Jaccard).

watches lime, oak and ash grow up
together in a forest the difference is
striking. The leaves in lime form a
perfect mosaic, so that they do not
shade each other, and the buds are in
two rows; this results in flat branch-
systems with all the leaves arranged
in one plane, which is orientated with
reference to the light. The young tree’s
vertical stem is elegantly curved at the
tip so that the top shoot, so decisive
for growth in height, has the most fa-
vourable light conditions in the shade
of the forest. The next year the old
top shoot straightens itself and the
new top shoot gets the favoured po-
sition. The leaves are dark green, par-
ticularly suited to function in shade.
But as soon as the lime reaches the
full light in the tree-canopy, it forms
another type of leaf — small, firm,
blue-green “light leaves”, adapted to
the unfiltered sunlight.

All the typical deciduous shade-
trees have a similar architecture with
branches in flat plates and leaves in a
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mosaic, but in none of them is the
structure so highly perfected as in the
lime. These adaptations to life in the
shade are almost totally lacking in the
common oak. The leaves of a young
ash growing up in a forest can tolerate
shade well enough, but the whole ar-
chitecture resembles that of a light-
tree — the leaves shade each other. The
result is that in the forest shade oak
and ash thrive worse and worse the
larger they grow, and finally they die.
In lime and other shade-trees sup-
pressed specimens become umbrella-
shaped when the light becomes too
weak for continued growth in height;
they are adapted to the shade and can
vegetate for a long time. If the light
is improved by the fall of a tree, new
branches as straight as candles shoot
upwards from the flat-topped sup-
pressed individuals.

The toughness of lime

In the summer-warm parts of the
country, lime is our toughest tree spe-
cies. Like oak, it can reach a very
great age because even ancient hollow
limes are not attacked by deadly fungi
or other diseases, as is the case with
most tree species, such as beech for
example. Lime can thus also survive
all types of mechanical damage, caused
for example by falling trees. And if it
should happen that the lime itself is
felled in a storm, it will often send up
suckers from the roots, if these do
not already occur around the base -of
the trunk; the suckers, aided by an
efficient root system, can quickly grow
up. Once a lime forest has established
itself it is difficult for other tree spe-
cies to displace it.

Soil and climatic requirements of lime

Small-leaved lime is more tolerant
with respect to soil requirements than
elm and ash. On the other hand lime



is more demanding than oak and
beech, and on very poor and dry sandy
soil oak becomes its equal; if the
sandy soil degenerates lime must give
way completely, but it hardly came to
this point during the Atlantic period.
Lime can tolerate a slightly higher wa-
ter-table than beech, but loses its full-
ness of leaf. The leaves become smal-
ler and lighter, and common oak be-
comes first an equal and later, with
increasing moistness, a superior com-
petitor. Lime is also a climatically de-
manding tree species which only thrives
if the summers are sufficiently warm.
From the point of view of both cli-
mate and soil conditions, the Atlantic
period was the best possible for the
prosperity of lime.

Elm characterizes the Atlantic period

The pollen frequency of elm in con-
temporaneous deposits indicates that
it too was a common forest tree dur-
ing the Older Lime period. This wide
distribution, followed by an abrupt
decline on the boundary between the
Atlantic and the Sub-Boreal periods,
poses important and controversial
problems. In order to illuminate these
problems from all sides it is necessary
to discuss in greater detail the three
elm species, wych elm, Ulmus glabra,
smooth elm, U. carpinifolia, and U.
laevis, which certainly all grew here
at that time. Unfortunately the fossil
material does not give any information
as to the relative frequencies, since
no elm finds from the warm period
have been determined to species with
certainty.

Wych elm

One would be inclined at first sight to
regard wych elm, Ulmus glabra, as
the most important, because it is the
only elm species which plays a part
in our forests today. However, there

is no connection between the elm po-
pulation of the Atlantic period and
that of the present forests. In the in-
tervening thousands of years the elm
has been almost totally eliminated by
cattle and swine in the forests. When
the forests became protected by law,
wych elm was the only elm species
that could spread successfully in the
forest, partly from the few original
remnants and partly from parks, etc.
The climate had in the meantime be-
come unfavourable for smooth elm
and U. laevis, but not for wych elm,
which is less warmth-demanding than
the other tree species of the mixed
oak forest, and which even in Ger-
many grows chiefly in the mountains.

Pollen analysis cannot show wheth-
er wych elm was also the most impor-
tant elm species in the forest of the
Atlantic period, since wych elm pollen
grains are intermediate between those
of the other two elm species in shape
and structure, and thus cannot be de-
termined as to species. But the fact
that carefully examined finds of char-
coal and wood most resemble wych
elm seems to strengthen the case, even
though full certainty has not yet been
attained in this difficult species deter-
mination.

Wych elm makes great demands as
to soil, and grew on the best, slightly
damp, mull. Here it had a keen com-
petitor in the lime, which thrives on
the same soil and was favoured by the
warm climate. Wych elm, however, is
the most pronounced shade-tree of
the three elm species, and it probably
had the advantage of being established
in its habitat before the immigration
of the lime.

Ulmus laevis and smooth elm,
U. carpinifolia

In contrast to lime and wych elm, Ul-
mus glabra, Ulmus laevis and smooth
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43. Smooth elms at Viksg (Guldborg-

sund). These are probably relics from
the warm period. (D.G.U.).

elm, U. carpinifolia, can grow on wet
soil: in fact unlike oak they can even
tolerate a temporary flooding of the
ground, since they possess a shallow
root system which still functions dur-
ing flooding as long as the water does
not stagnate.

Ulmus laevis makes fewer demands
as to soil fertility than do the other
elm species, and can therefore grow in
forest bogs. Its northern natural dis-
tribution limit today lies just south of
the border to Germany, and it also
grows wild, for example, in the border
zone of a bog on Lolland.

Smooth elm, too, has undoubtedly
made its contribution to the high pol-
len percentages of elm in the Atlan-
tic period. The climate suited this
warmth-requiring species and it is
found, probably as a relic, in warm
places in shore-scrub and on small is-
lands. Its survival of the persecution
from cattle and swine is probably due
to its ability, unlike the other elm spe-
cies, to form suckers which constant-
ly renew the individual. It occurs as a
forest-forming species in central and
southern Europe along rivers and
streams, but these flood plains are
now rapidly disappearing throughout
Europe as a result of cultural interfer-
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ence. In Denmark they were cleared
long ago for meadow cultivation.

The oaks

Oak presents the same problem as
elm: there are two closely related, but
ecologically completely different oak
species, the common stalked (“pedun-
culate”) oak, Quercus robur, and the
rare sessile oak, Quercus petraea. Un-
fortunately they can scarcely be dis-
tinguished from each other by the
pollen. Steenstrup referred his bog
finds to sessile oak, but Vaupell dem-
onstrated the incorrectness of this spe-
cies determination. In the Scandina-
vian countries only common oak has
been found as fossil till now. This
does not say very much, in fact, since
species-determined oak remains are
exeedingly few. Moreover, sessile oak
does not grow in bogs. We have there-
fore no direct evidence concerning the
distribution of the two species in the
Post-Glacial period.

Common or pedunculate oak

The pedunculate oak is the common,
well-known oak. Since it is a light-tree,
it does not survive competition from
the shade-trees where these find fa-
vourable conditions. Nevertheless, it
is a climax tree which often domi-
nates on moist but not completely wet
ground. Only ash and alder thrive
equally well in such places, and ash
only on rich soil. The longer lifespan
of oak, however, gives it an advantage
in the long run, and this was especial-
ly the case in the Lime period, when
its competitive powers were greater on
account of the warmer climate. On
the other hand we must remember
that at that time Ulmus laevis and
smooth elm were serious competitors
in alluvial forests and in shore forests
near lakes.



Sessile oak

Sessile oak thrives on the drier sandy
soil and on acid rocky terrain, but to-
day it only grows in Jutland and on
Bornholm. Its beautiful leaves are not
randomly placed as in the common
oak, but arranged in a mosaic. Sessile
oak is thus somewhat better equipped
for the competition for light. It can be
assumed that it immigrated at the be-
ginning of the Post-Glacial warm pe-
riod, by the western route to Jutland
and by the eastern route to Bornholm.
Up to now, however, there have only
been indirect indications of this in
pollen diagrams. The climate must
have been favourable for sessile oak
in the Atlantic period, since the spe-
cies has a westerly distribution.

Before man came and disturbed
everything, it is unlikely that sessile
oak and common oak grew together.
Common oak belonged to the moist
ground and found its best conditions
on low clayey soil. Sessile oak, on the
contrary, grew on the high, poor,
sandy ground.

The ash

Ash played a completely subsidiary
role in the first part of the Older Lime
period, and became of great signifi-
cance towards its end. It was presum-
ably unable to find the right growing
places when it arrived, or else they
were occupied by elm and oak. Ash is
quite a demanding tree species, but on
fertile soil it grows up with such lux-
uriance that other tree species have
difficulty in keeping up. As we have
mentioned, ash is a light tree, espe-
cially in old age, and since it does not
achieve a particularly great age it can-
not compete with lime and wych elm
in the long run. Ash can tolerate more
dampness than these, however, and on
wet but rich mineral soil along streams

44. Alder-swamp forest. This type of
forest was very important in prehistoric
times. The contraction of the peat re-
veals the characteristic deeply penetrat-
ing root system of the alder in the fore-
ground. (S. Sandermann Olsen).

and beside shallow lakes it cannot be
displaced by another tree. The fre-
quency of ash increases during the
course of the Older Lime period, and
we shall return to this later.

The important role of alder
in the past

Alder, Alnus glutinosa, was in the
past the most important tree beside
our streams and lakes. Its pollen curve
is essential to the understanding of
climatically caused oscillations in the
water-level of the lakes. Alder is our
only tree species which can grow in
places where all its roots are covered
by water all the year round. Alder al-
so has a greater need for moisture
than any other Danish tree. It has
deep penetrating roots which on low-
lying soil can reach down below the
ground water-table. These water-
seekers make the alder independent of
oscillations in the level of the water-
table. Such oscillations are dangerous
for the other tree species, because on
low, occasionally wet ground they
have all their roots in the uppermost
soil layers, which can dry out com-
pletely in years of drought. Alder is
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a species with fairly high nutritional
requirements; it does not thrive in
acid bogs with thick deposits of peat.

The stable primeval forest

The competition between the tree spe-
cies which immigrated during the Bo-
real period led during the first part of
the Atlantic period to the establish-
ment of climax forest, the stable pri-
meval forest. The great succession
came -to an end, and whilst the lesser
successions, occasioned by the fall of
old tree groups, overgrowing at lake
margins, etc., continued, the overall
picture was not changed.

In the following section an outline
is given of the Atlantic climax forest
as a kind of synthesis of the previous
sections, although in the full apprecia-
tion that this can only be a prelimina-
ry and tentative sketch. It is based on
the presently available pollen-analyti-
cal and ecological data, and also to a
considerable extent on the existing in-
vestigations and descriptions of the
last widespread European primeval
forests, which were still found at the
beginning of this century in mountain
areas in the Balkan peninsula. If spe-
cial emphasis is placed on these for-
ests it is due to the fact that only here
can one be sure that such characteris-
tics of tree species as exceptional lon-
gevity and tolerance for shade have
had opportunity to exert their influ-
ence to the full. The special nature of
the soil in the primeval forest and the
scarcity of game are similarly of great
importance since these have created
ideal conditions for the renewal of the
forests.

The tree communities of
the primeval forest

The primeval forest covered the
whole land with the exception of the
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many lakes and the somewhat scarcer
bogs. It must be assumed that lime
predominated on the general high
ground, mingled with wych elm in
richer places and with sessile oak on
Jutland’s poorer sandy hills. During
regeneration of the forest hazel ap-
peared as the pioneer. The forest was
much more varied on moist mull with
a relatively high groundwater-table:
here it could be described as a mixed-
oak forest. Where it was even more
damp, lime, wych elm, and hazel
would be absent whilst common oak
would still be present; alder would
have appeared, and in rich soils as well
as ash two further species of elm, Ul-
mus laevis and smooth elm, U. carpi-
nifolia, were probably common. In the
permanently wet fens with circulating
water alder would be universal, and in
poor deep peat bogs birch would have
appeared as the only tree species.

This is just an outline of the types
of forest; but what did the primeval
forest look like, and what were condi-
tions for the living of men and ani-
mals?

The margin of the primeval forest

If in the summer of the year 4,000
B.C. we made a visit to Denmark and
approached the land from the sea, we
would see the forest standing like a
wall along the coast in varying shades
of green according to the species of
trees. Long before we reach the coast
a fragrance greets us — a welcome
from the blossoming lime forest.

In the thick forest margins there is
a multitude of different trees and
shrubs: towering dark green oak and
elm beside lime which is closely co-
vered with leaves right to the ground,
and yellow with countless infloresc-
ences bearing fragrant waxlike flow-
ers. Norway maple stands more sparse-
ly with its fresh green pointed leaves:



there is also crab apple, holly, and pre-
sumably field maple, rather low trees
all three, although taller than the ha-
zel and hawthorn. Right at the foot
of the forest edge, dogwood, buck-
thorn, spindle-tree and guelder rose al-
so take their share of the life-giving
sunlight.

Ivy, honeysuckle and mistletoe

Dark-leaved and tough ivy sets its
mark on the forest margin in many
places where it strangles its host’s
branches with its evergreen foliage
and climbs to the top of even high
trees. Like giant snakes the ivy trunks
hang down from the trees, see fig. 45.
Honeysuckle, fragile and open-leaved,
but no less dangerous, twists up small
trees and shrubs and deforms their
stems. Out in the light it decorates the
forest margin with an abundance of
strongly fragrant yellow and red trum-
pet-shaped tropical flowers which do
justice to this, our only genuine liana
— a term for a woody climbing plant.
Mistletoe is also a northern represen-
tative of a tropical life-form, an ever-
green parasite which completely avoids
the competition for light: the sticky
seeds, carried by birds, take root in
the tree tops. Mistletoe is common on
lime and other of its preferred host
trees.

Elated by the rich pattern of trees,
shrubs, and flowering plants on the
shore’s edge, by the humming of the
insects in the tops of the lime trees,
and by the fragrant air, we now leave
the shore to get an impression of the
interior of the primeval forest.

The interior of the primeval forest

When after some difficulty we have
penetrated the thick undergrowth of
the forest edge, the interior strikes us
as a contrast: a world of naked trunks,
thicker than those we are accustomed

45. Oak tree with a large ivy stem which
was killed in the winters of 1939-42. The
picture was taken in a shore forest in
South Zealand, where ivy is favoured by
the mild climate. (D.G.U.).

to see today. There is no undergrowth.
Young trees stand here and there in
tight clusters, some of them dead or
dying, others on the way up towards
the opening in the tree canopy. Under
such clusters of young trees it is even
darker than usual. Some suppressed
shade-trees also occur sparsely: their
tops are flat and the height marks the
moment at which a small hole in the
canopy was closed by neighbouring
trees. Now they vegetate through the
decades, doggedly awaiting a new op-
portunity.

As we walk in the gloom of the
primeval forest we feel as though we
are cut off from life. It is because of
the dead and dying young trees and
the fallen, rotting old trunks among
which we walk, whilst high up in the
tree canopy life unfolds in its inacces-
sibility. The uniformity is tiring.

The vegetation of the forest floor is
strikingly sparse. Wood sorrel and po-
lypody grow on the old mouldering
stems; dog’s mercury and other low
plants adapted to shade appear, but
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there are no flowers at this time of
year to bring a little variety and co-
lour.

Renewal of the primeval forest

The ground is soft to the tread, be-
cause of the decaying wood. This is a
splendid rooting soil for renewal, but
the deep shade and root competition
from the trees exclude all rejuvena-
tion. Only where a group of trees is
declining due to age, is the shade a
little reduced and root competition
less severe. New trees begin to appear
here, but soon the old trees are felled
by a storm, and immediately there is
enough light and nourishment: the un-
dergrowth springs upwards. Smaller
or larger green oases arise in this way,
but they are of short duration and far
apart. The young trees climb rapidly
in height and become old.

There has been much discussion
over the process of renewal in the pri-
meval forest. Pollen analysis shows
that the Danish Atlantic forest must
have renewed itself in the same man-
ner as that described by experts from
the last South-East European primeval
forests. It was not a process of cata-

strophic renewal with a change in tree
species, as is known to occur in conif-
erous regions and in cultivated forests.

The forest was stable, and new
growth of the same tree species ap-
peared upon the fall of old trees: pio-
neer tree species no longer appeared.

Hazel appears to have been an ex-
ception: it is a dogged shade-tree
which could well have held the larger
trees’ reproduction in check for some
time, but by virtue of its shade it only
assisted in keeping light-loving trees
out of the dark primeval forest.

The animals and men of
the primeval forest

As indicated in the above sketch, there
was not much food for mammals in
the primeval forest. They had to wan-
der around between the tree trunks
and could not reach up to the green-
ery. It is also wellknown from the pre-
sent day that primeval forests of
shade trees are very poor in game.
The rule does not hold, however, in
the case of the wild boar, since these
animals find most of their food by
rooting in the forest floor for mast
and acorns, roots, mice, and other ed-

Top: a picture of the little island Ormg in South Zealand. The island is overgrown by
lime forest, and this spring picture can give an impression of what the primeval forest
would have looked like, seen from the shore of a sheltered fjord. The lime forest is in
bud, and in the forest margin on the left the gnarled and still bare branches of an oak
can be seen sprawling out over the shore meadow. Near the shore, maple, crabbapple,
ivy, hawthorn (completely green) and sloe (still brownish) extend in among the limes,
which are covered with branches right to the feet of the trees.

Bottom left: Pine forest in the primeval Bialowieza forest in Poland. The forest
grows on very poor ground. In the foreground two silver birches can be seen. (Photo
by S. Th. Andersen).

Bottom right: Spring picture from Draved forest in southern Jutland. In the fore-
ground mor with undecomposed beech and oak leaves is visible. Two strong beeches
and a two-stemmed lime grow on the boundary with the moist mull with its fresh green
growth of spring plants. Lime, oak, alder, and beech grow together here in a mixture,
alder in particularly wet places, beech on small sand hillocks. A pollen diagram from
the edge of the mor shows that the forest has had the same composition at this place
for 4,000 years — apart from the immigration of beech 2,000 years ago. (Photo by
Inger Brandt).
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ible things. They can get along very
well and are especially fond of moister
ground with its oak trees. For other
large mammals living conditions de-
teriorated, even though the same spe-
cies as mentioned for the Hazel-Pine
period lived on into the Lime period.
On the Danish Islands, however, the
aurochs and elk died out, but they
survived in Jutland, perhaps because
the forest was less dark in the poorer
sand areas and along the larger
streams. From here and from the
south the population could be renewed
after critical periods.

For man, too, the golden age was
over. When the nut crop dwindled and
the quantity of game decreased, the
situation became critical for the Mag-
lemose people, who had themselves
contributed to the extinction of the
two largest game animals in the Is-
lands. The Maglemose culture seems
not to have coped with the crisis,
and apparently disappeared complete-
ly during the Atlantic period. The
most numerous traces of men are now
found along the Danish coasts, but
these belong to a different culture,
which the archaeologists connect with
the already discussed Kongemose cul-
ture.

The sea

The oceans continued their rapid rise
into the Atlantic period, since even
though the ice had disappeared in Eu-
rope, a long time elapsed before the
last ice-masses in Canada had also
melted. Despite the continued uplif-
ting of the previously ice-covered
Scandinavia, the rise of the oceans
was sufficiently great to cause the
North Sea, Skagerrak, Kattegat, and
the sounds to the Baltic to spread out
over the surrounding land areas.

Oresund and the Belts are formed
Qresund and the Belts are key areas
for an understanding of the history of
the Baltic Sea, but unfortunately all
the evidence concerning the early
stages of therise in sea-level (the trans-
gression) here now lies hidden at the
bottom of the present sea. Knowledge
of the formation of @resund and the
Belts has thus been very incomplete.
In order to make good this lack a few
years ago the Danish Geological Sur-
vey began a systematic investigation
of the problem, under the leadership
of Harald Krog. By means of borings
from a ship, submarine peat layers
covered by deposits from the trans-
gression have been discovered, and
series of samples have been taken
which can be dated from pollen dia-
grams and the C-14 method, whilst
the diatom flora can also be studied.
This flora gives the best information
as to whether the samples were depo-
sited in fresh, brackish, or salt water.
It appears from the preliminary re-
sults that in the year 6,600 B.C. a peat
bog still existed in the middle of the
Great Belt near the island of Sproge,
where the sea today is 30 m. deep.
Then the rising of the sea began in
the Late Boreal period, although the
water remained fresh right until the
beginning of the Atlantic period. Sea-
water probably reached the Baltic Sea
through the deep trench, however.
Towards the north and the east
the Late Boreal rising of the sea can
be traced at continually decreasing
depths, as one might expect, and in
northern Vendsyssel in fact it rose
above the present sea-level. In the
Qresund the salt water advanced from
the north in early Boreal times, over
a pine forest which now lies under 19
m. of water, and at the end of the
Boreal period it had risen to a level
of 13 m. below the present sea level.
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The threshold between Amager and
Scania lies at 7 m. and was probably
crossed by the advancing salt water a
little way up into the Atlantic period.
@resund and the Great Belt thus arose
at about the same time, the Little Belt
somewhat later.

Litorina Sea and Tapes Sea

These Danish results agree with Swed-
ish investigations of the history of the
Baltic Sea. The Ancylus Lake became
slightly brackish in Late Boreal times
— the so-called Mastogloia phase,
named after a diatom. A little way up
into the Atlantic period the salt con-
tent increased so much that the com-
mon periwinkle, Litorina litorea, could
thrive right into the Baltic Sea. The
Ancylus Lake became the Litorina
Sea. The increase in salt-content,
which became even higher than that
of the Baltic today, has been inter-
preted in different ways. The quite
abrupt change from brackish to salt
water agrees best with an assumption,
well-founded hydrographically, of a
stronger tidal flow.

This also gives us a good explana-
tion of the fact that all our fjords and
sounds were significantly saltier and
richer in nutrients in the ‘“Litorina
period” than today — a fact which is
clearly shown, not only in the richer
fauna, but also in the size of the mol-
lusc shells. Furthermore, the sea tem-
perature had risen; thus it is hardly
remarkable that oysters, for example,
could penetrate much further into our
waters.

Just as the Baltic Sea had its Lito-
rina period, so also the Kattegat and
its fjords simultaneously had their
Tapes period, characterized among
other things by the presence of the
carpet shells Tapes aureus and T. de-
cussatus, together with the scallop Pec-
ten varius, which now have disap-
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peared from Danish waters east of
Skagen. V. Nordmann above anyone
else should have the honour for hav-
ing illuminated the rich mollusc fauna
of the Tapes sea.

Rises and falls in sea-level

The great rise in sea-level during the
Atlantic period is known in Scandina-
via as the Litorina transgression. It
was originally regarded as a single
episode but Swedish geologists real-
ized very quickly that it could be di-
vided into two rises in sea-level with
an intervening fall. It soon turned out
to be even more complicated.

Here in Denmark the Litorina trans-
gression has been divided into four
stages, probably separated by small
declines in sea-level: the-Early Atlan-
tic, the High Atlantic, the Late Atlan-
tic and the Sub-Boreal sea level rises.
The amplitudes of these oscillations
of water-level in the Stone Age seas
are not very significant, but the oscil-
lations are of interest because they
may be assumed to have been caused
by oscillations in the climate of a si-
milar amplitude to the Late-Glacial
climatic oscillations — the Allerpd os-
cillation, for example. Rises in sea-
level must be correlated with in-
creases, and falls in sea-level with de-
creases in the rate of melting of the
remaining ice masses of the world.

In addition, it is of great impor-
tance in the study of our coastal dwel-
ling sites that we keep them distinct
from each other. Previously, the most
high-lying shore deposits of the Lito-
rina sea were regarded as being con-
temporaneous over the whole country.
In [fact those in north-east Vendsyssel
were formed during the High Atlantic
transgression, those in East Jutland
and on Zealand during the Late At-
lantic or Sub-Boreal transgressions,
whilst in the south-western part of the



country the highest Litorina period
shoreline lies below the present sea-
level. This difference is due to the fact
that the north-eastern part of the
country has risen uninterruptedly, and
the rise has been uneven, increasing in
size towards the north-east. The oscil-
lations of the level of the oceans have,
of course, been the same all over the
world.

Ancient coastal dwelling sites

As we have seen, inland occupation
ceased almost entirely when the pri-
meval forest had become stabilized,
and dwelling sites were now found
chiefly on the coasts. The oldest ones
known lie below the present sea-level,
and are so similar to those of the pre-
viously-mentioned Kongemose culture
that it is possible that people of this
culture had their permanent dwelling
sites on the coast already in the Boreal
period. The distance from the sum-
mer dwelling places in Amose to the
Kattegat is not great, at any rate.

A number of scattered dwelling site
finds in North Zealand and East Jut-
land are somewhat younger. One
closed, well-demarcated find, the Nors-
lund culture, has been dated by the
C-14 method to the period around
3,800 B.C. All the cultures and dwel-
ling sites mentioned so far have the
common characteristic that they lack

pottery.

Kitchen middens and
the Ertebolle culture

These more recent discoveries of an-
cient coastal dwelling sites form a link
between the Kongemose culture and
the classic Ertebglle culture, world-
famous for its kitchen middens. The
chief honour for their discovery falls
to J. J. A. Worsaae, because he, in the
year 1850, was the first to recognize
the connection between these heaps of

46. Section through the kitchen midden
near the small Limfjord town of Erte-
bglle, which became famous when it
gave its name to the classic Ertebglle
culture. (Nat. Mus.).

oyster shells and their contents of
stone and bone implements, charcoal,
animal bones and pottery fragments.
Scientists had earlier wondered about
the origin of these strange accumula-
tions of shells of marine molluscs, and
a commission was formed in 1848,
consisting of the geologist J. G. Forch-
hammer, the zoologist Japetus Steen-
strup, and the archaeologist J.J. A.
Worsaae, to investigate how these
shell-banks had arisen. Thus was in-
augurated the fruitful cooperation be-
tween natural science and archaeology
in Denmark.

Worsaae’s opinion was fully con-
firmed. The shell heaps consist chief-
ly of the disjointed shells of three edi-
ble marine bivalves, oysters, common
mussels, and cockles, which gradually
accumulated whilst the Ertebglle peo-
ple lived at that place all the year
round over a long period of time. Ar-
chaeologists are not in complete agree-
ment as to how much should in fact
be attributed to the Ertebglle culture;
when used in a more restrictive sense
this title only includes the younger
dwelling sites from the late Atlantic
and early Sub-Boreal periods, when
the technique of forming and firing
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clay pottery was known. There are
some important problems connected
with the Ertebglle culture and these
will be touched upon later. We shall
here only mention one fact that all are
agreed upon, namely that hunting and
fishing were of fundamental impor-
tance for the existence of the Erte