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(With 7 figures in the text)

L THE THEORY OF UNGLACIATED AREAS DURING THE LAST

ICE AGE IN SCANDINAVIA
Our knowledge of the existence of Ice Ages in the Northern Hemisphere is not very old.
It dates from about the middle of the nineteenth century. Scientists in various parts of
Europe found that the extensive masses of unsorted loose deposits, and the striated and
polished rocks could not be explained in any other way than by assuming that a large ice
sheet had existed which overrode the country, polishing the rocks and depositing moraine
gravel.

The signs of glaciation are so abundantly present in almost all parts of Scandinavia that
it very soon led to the supposition that the ice mass had covered the whole country and
destroyed all plant and animal life. This was the 'tabula rasa' theory. As a consequence
of the theory the present flora and fauna of Scandinavia were held to have immigrated
after the Ice Age from the south and east. Further indication of this was found in 1870 by
Nathorst who succeeded in discovering remnants of an arctic flora in southern Sweden in
layers deposited just after the ice had retreated. Later many scientists found similar
remnants in various places in southern Sweden, Denmark and southern and western
Norway, It is remarkable that the frequency of these arctic floras in southern Scandinavia
seems to decline towards the north. The remnants of arctic plants are much more scarce
in middle Sweden and in the Oslo region in Norway than in southern Sweden and in
Denmark,

One of the consequences of the ' tabula rasa' theory must be that since the Scandinavian
flora is recruited from the south and east, all relationships of that flora must be to the
south and east, and hence the Scandinavian flora must be a province of the middle or
eastern European.

This, however, is not the fact, as far as the Scandinavian arctic and alpine flora is
concerned, A strong relationship exists with areas west of the Atlantic, with Greenland
and Labrador, Even BIytt, who otherwise accepted the 'tabula rasa' theory, felt un-
comfortable about this fact; and after him Sernander (1896), Wille (see e,g, Wille, 1915)
and Andreas M, Hansen, in the last decade of the nineteenth and the first of the twentieth
centuries, advocated the view that the whole Scandinavian flora was not destroyed by the
ice during the last Ice Age, Refuges must have existed along the Scandinavian coast
where an arctic-alpine flora might have persisted during the Ice Age,

The existence of unglaciated areas during the last Ice Age was flrst conflrmed geologi-
cally by Vogt (1913), who on geomorphological ground found that the outer part of the
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Lofoten Islands had been ice-free and Ahlmann (1919) agrees with Vogt. Oxaal (1915)
reached the same conclusions with regard to the island of Traena somewhat south of the
Lofoten Islands, and Holtedahl (1929) suggested that the same view applied to some areas
along the northern half of the Varanger peninsula in northern Norway.

In I9n the eminent Swedish botanist Thore C. E. Fries introduced the concepts of
unicentric and bicentric plant distribution areas in the flora of Scandinavia. As had been
known for a long time, the areas of Troms and Torne Lappmark in northern Scandinavia
on one hand, and the area of the Dovre and Jotunheimen mountains in southern Norway
on the other, form centres of the arctic-alpine flora of Scandinavia. Unicentric plants are
found in only one of these centres; bicentric plants are found in both but not in the area
between. This peculiar distribution was explained by supposing that two unglaciated
areas had existed during the last Ice Age, one in the outer part of Troms fylke in northern
Norway, including the outer part of the Lofoten Islands, the other on the coast of More.
The quaternars' geologist Kaldhol (1932), and later also Undas (1939), assume the exis-
tence of ice-free refuges in the More area on geological evidence.

In later times Prof. Nordhagen, the Norwegian botanist, in a series of papers (see e.g.
1933 and 1935) has advocated the theory of the survival of plants in a number of places
along the Scandinavian coast. He has been able to demonstrate this in a most convincing
manner from examples, especially among species of the Papaver radicatum group (1931).
He has also introduced geomorphological arguments unnoticed before and has raised
lively discussion on these problems.

We are thus able to reconstruct in broad lines the history of the arctic and alpine flora
of Scandinavia since the last interglacial period. During the last Ice Age the central part
of Scandinavia was covered with ice, and only a few restricted areas along the coast were
ice-free. In these areas a number of species survived the severe climate until the ice began
to retreat. The survivors from the unglaciated areas followed the retreating ice up into the
mountains. There they met another element which bad followed the margin from the
south and east. The present arctic-alpine element of Scandinavia is a mixture of these two
elements.

This view is in all essentials correct, but calls for modification in some respects. We are
able also to state more precisely the conditions under which the refugees had to live in the
unglaciated refuges.

II. UNGLACIATED REFUGES DURING THE LAST ICE AGE OUTSIDE SCANDINAVIA

Let us first consider territories outside Scandinavia and what conditions were like there
during the Ice Ages.

It is mainly the region around the North Atlantic which was most severely affected hy
the large quaternary Ice Ages. In the Behring Strait region no regional glaciation
occurred, but only intense local glaciation in the mountains. Large parts of arctic Canada
were also unglaciated (see e.g. Antevs, 1929). The major part of Canada and the northern
parts of U.S.A. were, however, covered by ice. Yet, as was demonstrated by Fernald
(1925), areas in Newfoundland and southernmost Labrador were ice-free.

As concerns northern Labrador, opinions differ. Odell (1938) opposed the view that
ice-free nunataks in the region acted as refuges for any important fiora, yet Abbe (1938)
states that relic types among the vascular plants exist.
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Turning over to Greenland, already in 1879 Kornerup had suggested the existence of
unglaciated areas in western Greenland during the last Ice Age. This view was taken up by
Warming (1888) and later by many others for almost all parts of Greenland (see e.g.
Gelting, 1934). Of special interest is the statement of Koch (1928) that northernmost
Peary Land (northernmost part of Greenland) was never glaciated.

In southern Greenland I have encountered facts which cannot be explained in any
other way than by assuming that ice-free refuges existed there or in some area not far
away. Of a flora of 160 species of macrolichens, one is endemic. Of the rest all except
three are also found in Scandinavia. The macrolichen flora of southern Greenland has
a relationship with the Scandinavian arctic-alpine macrolichen flora which approaches
identity. As this identity can hardly be explained by migrations after the last Ice Age, the
flora must be older than the last Ice Age, i.e. the flora must have survived the last Ice Age
in southern Greenland or some area not too far from it.

Concerning Iceland, Thorarinsson (1937) shows us geomorphological reasons for
supposing that large parts of north-western and northern Iceland must have been un-
glaciated during the last Ice Age.

Lynge (1938), by the study of lichens, has found that northernmost Spitsbergen was
unglaciated; and in King Karl's Land (in eastern Svalbard) Nathorst (1901, 1910) found
indications that the summits of the islands were never glaciated. These islands have a
very interesting lichen flora.

Hadac (1941) shows us that parts of Bjornoya were unglaciated during the last Ice Age,
and that these parts contain a number of species of various plant groups which must have
survived in place.

It appears that no one has assumed any part of Novaya Zemlya to have been unglaciated
during the last Ice Age, but from what will follow it seems probable that parts of these
islands were also ice-free.

In the British Isles unglaciated areas during the last Ice Age existed in southern
England and western Ireland (see Discussion on British Flora, 1935). It seems probable
that areas in western Scotland also were unglaciated.

In the Kola Peninsula, Ramsay (1898) flnds evidence that parts of the northern coast,
including Rybachin Peninsula, were unglaciated, but his view is strongly opposed by
Tanner. There is botanical evidence in favour of Ramsay's conclusion.

In northern Siberia large areas were glaciated neither during the last Ice Age nor during
the whole Pleistocene period (see e.g. Gerasimov & Markow, 1939; Bohchoi Sovjetskii
Atlas Mira, 1937).

A general view on the last Ice Age may be expressed in the following way: the last Ice
Age extended over vast areas in the Northern Hemisphere. Yet the ice was in most places
unable to exterminate the whole flora. In most countries bordering the sea small refuges
existed where plants were able to sur\dve.

III. GENERAL REMARKS ON THE QUATERNARY ICE AGES

Traces of deterioration of the climate towards the Ice Ages may, according to Gerasimov
& Markow (1939), be traced back in Russia as far as the latter half of the Oligocene. In
this period the vegetation belts of central Russia began to migrate southwards. This
process continued during the Miocene and Pliocene. Traces of local glaciations are found
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in the mountains of the Caucasus and Pamir in Pliocene times, yet there are nowhere any
signs of regional glaciation or development of ice shields. These are restricted to the
Pleistocene or the Quaternary.

The Quaternary Ice Ages affected the whole world. Signs of large glaciations occur in
all parts of Europe, in northern and central Asia including the Himalayas, and in northern
America; in the Southern Hemisphere regional glaciations are found in Southern
America, increased alpine glaciation occurred in the Andes, the southern part of New
Zealand and parts of Australia were glaciated, and we have signs of a still more extensive
glaciation in the Antarctic than we have to-day (see e.g. Antevs, 1928, 1929).

In most of the areas in the Northern Hemisphere where glaciations occurred, we have
signs of separate Ice Ages interrupted by interglacial periods. In Europe and Northern
America one Ice Age occurred in relatively recent times (20,000-30,000 years ago) which
is called the Last Ice Age. The Last Ice Age was preceded by an interglacial, the Last
Interglacial, which, according to Penck & Brlickner (1909), is estimated to have lasted
approximately 60,000 years. This figure they derive from estimations of the weathering
of deposits from the Last Interglacial. The Last Ice xA.ge was preceded by an Ice Age of
greater extent than the last, the Great Ice Age. Before the Great Ice Age there was a
long interglacial period, the Great Interglacial which, by the same methods by Penck &
Bruckner was estimated to have lasted 240,000 years. Before the Great Interglacial come
one or more glacial periods, and the whole Quaternary period is estimated by Penck &
Brlickner at one million years. This has been confirmed by Konigsberger (cited from
Hulten, 1937), who, by measurements of helium in the mineral zircon, found the Quater-
nary period to have lasted between A and i million years.

IV. SOME NECESSARY CONCEPTS OF GLACIOLOGY. THE RETREAT OF
THE ICE FROM SCANDINAVIA

In recent times our information upon the life, development or requirements of glaciers
has been much improved, chiefly through the work of Prof. Ahlmann and his pupils.

At first it is necessary to define the concept of the ' firn line' which is basic in glaciology
and also has important bearings for our problems. The firn line is defined as the border
between the accumulation area (the area where more snow is precipitated in winter than
is melted away in summer) and the ablation area (the area where more snow is melted
during the summer than is precipitated in winter). The firn line we can observe in the
autumn just before the first snow falls. It is the border of the snow from last winter. The
altitude of the firn line may vary from year to year, but is generally fairly constant.

It is necessary for the existence of a typical glacier that it has an accumulation area,
i.e. that some area of the glacier is situated above the firn line. In regions where no sum-
mits reach above the firn line no possibilities of glaciation exist.

The morphology above and below the firn line of a glacier will be fairly different.
Above the firn line more snow will fall than melts away in summer, and here the snow will
ascend towards the sides (see Fig. i), whilst the glacier will be concave. Accordingly the
contours will be concave in relation to the direction of flow of the ice. The ice will flow
from the sides towards the centre of the glacier, and no moraines will be deposited along
the borders (i.e. there will be no marginal moraines).

Below the firn line the shape of a glacier will be convex and descend towards the sides.
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Accordingly, the contours will be convex in relation to the direction of fiow. The direction
of flow will be from the centre of the glacier towards the sides. The ice will build up
marginal moraines along its flanks and a terminal moraine in front.

The firn line is characterized by the contours of the glacier being straight. Great care
and due appreciation of the morphology of the rock under the glacier are, however,
necessary in judging the altitude of the firn line from maps of glaciers.

If for some reason the climate in an area improves so that a glacier loses its accumulation
area, the glacier will be 'dead', i.e. it will be a relic from colder times, have no important
movements and will gradually melt away. The last ice will be left generally in the place

Fig. I. Diagrammatic illustration of conditions on a glacier around the fim line, a and b sections of the
border of the glacier above and below the fim line F. (a and b after Mannerfeldt, 1945.)

where the ice in the beginning was thickest. All the gravel contained in the moraine will
either be brought to the sides of the glacier by melt-water and form marginal moraines,
or be left on the surface or under the ice leaving a very irregular landscape after the ice
has melted, a 'dead-ice landscape'.

In the area below the firn line a retreating glacier will deposit marginal moraines. These
will be left as small ridged shapes distributed in fishbone patterns. The study of these and
other late glacial deposits in Scandinavian mountains has been taken up and established
by Ahlmann's pupil Mannerfeldt (Mannerfeldt, 1938, 1940, 1945).

Such marginal moraines are found in many parts of the Scandinavian mountains and
often at high altitudes. What do these tell us about the conditions during the ice melting?
First of all they indicate that during the period when the mountains thawed out of the ice.
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the flrn line was higher than the summits of the highest mountains, i,e, the ice-sheet was
dead and accordingly had to behave like dead glaciers. The flrst thing which happened in
Scandinavia was that the summits melted out of the ice; it is a wrong concept to believe
that the ice retreated into the mountains. The last ice was left in Scandinavia where the
large ice-sheet at the beginning was thickest.

The study of the marginal moraines yields information about the gradient of the surface
of the ice when the moraines were deposited, and this informs us that in central and
southern Scandinavia the last ice was left east of the high mountains. This has important
bearings upon phytogeographical problems, especially that of the route taken by the flora
following the margm of the ice from the south to reach those high mountains where they
at present are found. When the ice retreated the arctic flora followed it, but could not
persist at any great distance from the ice on account of the more boreal vegetation
following behind. The arctic plants had thus a limited space along the ice margin in
which to live. In the early stages of the retreat of the ice, the ice-sheet exercised great
influence upon the climate and the region of arctic plants was wide. Such was the case in
southern Sweden and Denmark, and accordingly it is not diflicult to flnd remnants of an
arctic flora in early deposits in tbese areas. As the ice withdrew the influence of the ice
upon the climate diminished and the more southern flora could follow much more closely
upon the ice, especially the pine and the vegetation accompanying it. The space of the
arctic flora was thus restricted. All the while the arctic flora had to migrate after the ice.
Accordingly, it is much more diflicult to find remnants of the arctic flora in middle
Sweden and southernmost Norway, and the representatives of the arctic flora which are
found are generally species with light, windspread seeds. When the last ice which blocked
the way to the mountains for the arctic flora melted away, the plants had still a long
distance to migrate before they reached their goal. This must have increased tremen-
dously the difficulties of this Bora element in reaching the mountains. Yet undoubtedly
a number of the arctic species managed to carr>' through the race, as we may conclude
from their present-day distribution.

The flora from the western refuges had no such difficulties in reaching the high
mountains,

V, THE NATURE OF THE UNGLACIATED ,AREAS IN WESTERN AND NORTHERN SCANDINAVIA,

REFUGES OF THE COASTAL MOUNTAIN TYPE

In a previous section we have ascertained both on botanical and geological grounds that
parts of the Troms and More areas were unglaciated during the last Ice Age, One may
ask: 'Why only these regions?' 'Why not an area outside Bergen or Trondheim?'

This may be seen from a map of the relief, both the submarine and the mountain
relief, of Norway, Scandinavia rests on a continental platform or shelf, submerged
beyond the Norwegian coast. This shelf has a varying extension from 20 to 200 km, in
width (see Fig, 2), The margin of the shelf is the borderline between the land mass and
the deep ocean. The shelf is narrowest precisely in the Troms area (approx, 20 km,) and
in the More area (approx, 40 km,). Just inland in each place rise high mountains with
summits more than 1000 m, high. May this have something to do with our problem?

This issue has first been touched upon by Elfstrand (1927) who believed that the effect
of the Gulf Stream, or the thermic effect of the deep waters during the Ice Age, must
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have been more important in these regions than elsewhere. I do not think this very
important, and prefer to invoke other causes.

Thus it seems to me impossible to have a total glaciation under climatic conditions we
know to occur on the earth, in a region where high mountains are situated near a deep
ocean. The ice-shield cannot extend farther than to the border of the deep ocean. There
the ice begins to float, breaks to pieces, and the icebergs are carried away by winds and
currents. At the border of the ice under conditions where a large ice-shield is extending
into the sea, the margin of the ice cannot have more than a limited height. From the
border of the ice the thickness of the ice-shield increases towards the centre. The ice is
plastic, and accordingly the gradient of the surface has a limit if the conditions are stable,
and under such conditions to-day the gradient hardly ever exceeds i in roo for any long
distances, but is generally much less (r in 200).

Fig. 3. Illustration of conditions during a glaciation of a land where: A, high mountains are situated near
a deep ocean; B, high mountains are situated far behind the border of the ocean. (Diagrammatic in section.)

If we start from about zero m. or perhaps 100 m. at the border of the ice and go to-
wards the centre of the ice-shield, ascending with a gradient of i in roo we naturally find
all summits more than 1000 m. projecting as nunataks (summits protruding over the ice-
cover) until we come 100 km. from the border. That is to say that, if high mountains are
situated near the border of deep oceans, the ice-shield will not have sufficient distance in
which to grow thick enough to cover the high mountains (see Fig. 3A).

Where the high mountains are situated far from the border of the ocean (see Fig. 3B)
the sheet will be able to grow thick enough to cover them.

This is no new knowledge. Holtedahl (1929, p. 28), dealing with conditions in the
Antarctic wrote:' The conditions now existing in the Palmer Archipelago and the adjacent
districts of Graham Land show us for instance that we cannot in areas with similar
topography (and with no broad upland) draw any simple boundary line for the greatest
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extension of the ice, even assuming a most severe climate. We may judge that in such a
coastal district with very dissected and rugged topography there will generally be no
complete ice-cover.'

We know that in tbe Antarctic the ice has had greater extension than it has to-day,
during an Ice Age which was probably synchronous with the last Ice Age in the Northern
Hemisphere. Yet even during that period, the whole Antarctic can hardly have been
totally glaciated. The Byrd Expedition collected on the nunataks a number of lichens
which were examined by Dodge & Baker (1938). Their work proved tbat the Antarctic
has a lichen flora of its own with a number of characteristic endemic macrolichens. As
these endemics can hardly have been developed in the space of time since the last Ice
Age, and as these species of lichens have never been found in adjacent countries, a lichen
flora must have survived in the Antarctic during the last Ice Age. Consequently even
during tbe last Ice Age, unglaciated areas must have existed in the Antarctic.

An unglaciated area caused by high mountains being situated near the border of a deep
ocean we shall refer to as the coastal mountain type. As conditions in the Antarctic to-day
teach us, in areas where a mountain complex or a mountain range is situated near a deep
ocean, there will exist unglaciated areas almost down to the level of the sea on the side
sheltered by the mountain complex from the ice fiow.

VI. UNGLACIATED AREAS OE THE SCANDINAVIAN AND THE ANTARCTIC TYPES

We have found that in areas where high mountains are situated near the border of a deep
ocean, unglaciated nunataks always exist. We may now ask: 'Which ffora may be found
in these nunataks?' 'Are they so completely barren to higher plants as the nunataks of the
Antarctic ?'

Opinions differ as to the possibility that a rich fiora can exist upon nunataks. In
the Antarctic only lichens and a few mosses are found. Lynge mentions a nunatak
visited in Novaja Zemlya with a very poor fiora of vascular plants. The Jensen nunataks
in western Greenland at an altitude of 4000 ft. bad a fairly rich fiora (see Kornerup, 1879;
Ostenfeld, 1926). The nunataks situated near the border ofthe large ice-sheet in southern
Greenland have a rich fiora. Especially the moraine on tbe sheltered side of the nunataks
proves to be a good locality for vascular plants. We thus see that nunataks with a rich and
with a poor vegetation both occur. Lichens are always present. We must therefore con-
sider under what conditions a nunatak will contain a rich fiora of higher plants.

An important factor must be the altitude of the firn line in relation to the foot of the
nunatak. If the firn line is situated above the foot of the nunatak, the nunatak may contain
a rich fiora. The marginal moraine on tbe sheltered side ofthe nunatak, which is such a
good locality for higher plants, occurs only under those conditions (see Fig. 4A). We shall
refer to this category as nunataks of the Scandinavian type.

If the firn line is situated below the foot of the nunatak (see Fig. 4B) no marginal
moraines will develop. Horizontal areas will be glaciated; elsewhere the wind blows the
snow away. It must be very doubtful whether vascular plants can survive in places where
the wind is strong enough to prevent the snow from accumulating. Only very few vascular
plants can live under such conditions, but many lichens, especially microlichens survive.
We shall call this type of nunatak the antarctic type, as all nunataks of the antarctic
continent are of this kind.

New Phytol. 45, 2 16
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Correspondingly we may refer to an unglaciated refuge during an Ice Age as a refuge of
the Scandinavian type if the flrn line is situated higher than the lowermost unglaciated
area in the region during the severest period. A refuge of the antarctic type occurs where
the firn line is situated below the lowermost unglaciated area, and this is commonly at sea
level. In unglaciated refuges of the Scandinavian type, a number of higher plants can
live, in an unglaciated area of the antarctic type generally very few higher plants will
survive.

Fig. 4. Diagrammatic map of: A, nunatak of the Scandinavian t>-pe (firn line above the foot of the nunatak);
B, nunatak of the antarctic type (firn line below the foot of the nunatak). The heavy continuous line marks
the boundary of the nunatak, light continuous lines the contours of the nunatak surface, and broken lines
the contours of the ice-sheet surface. The dotted area marks moraine.

VII. UNGLACIATED AREAS OF THE TUNDRA TYPE. T H E FLORAS OF THE REFUGES OF THE

COASTAL MOUNTAIN AND THE TUNDRA TYPES

We have found that the unglaciated refuges in the Troms and More areas were caused by
the relief of the land mass; that they belong to the coastal mountain type. Are all unglaciated
refuges from the last Ice Age of the same type?

That obviously cannot be true. On the north coast of Spitsbergen there is a broad shelf
and no extraordinarily high mountains. The King Karl Islands reach approximately
300 m. altitude and rest on a shallow shelf. The unglaciated areas of northern Siberia,
Canada and Greenland cannot be of the coastal mountain type.

These unglaciated areas are caused by other factors. During the last Ice Age most of the
northern Atlantic was covered by sea ice. The ice acts meteorologically as a land mass.
The areas situated far from the open sea will have a small precipitation, and very little
snow will fall during the winter season. The refuges will be unglaciated because so little
snow falls in winter that the insolation is suflicient to produce the energy necessary to
melt it all away in the summer. This will be a type essentially different from the coastal
mountain type. We shall call this type the tundra type.

Refuges of the coastal mountain type are found in western and north-western Scan-
dinavia, probably in Scotland, Iceland, the southern half of Greenland (where the relief
conditions to a high degree favour refuges of this type), and possibly in Labrador. Refuges
of the tundra type are found in Siberia, possibly in the Kola Peninsula and Rybachin
Peninsula, in northern Norway, Bjornoya, Spitsbergen, in the northern half of Greenland
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and in arctic Canada (see Eig. 5), I think it also safe to include Novaja Zemlya in this
category.

In refuges of the tundra type the climate will be continental. In refuges of the coastal
mountain type the climate may be atlantic or oceanic.

The two types of refuges will have different floras. If we want to know which plants
probably were able to live in the tundra refuges we must go to the region where the
climate to-day resembles the conditions which must have existed in the tundra refuges,
i.e. northernmost Greenland and Canada, Typical of these regions are the lichens of the
genera Dactylina and Duforea admirably mapped by Lynge (1933), If we take one of the
species, Dactylina ramulosa, as an example (Eig, 6), we find that it has a distribution from
the Behring Strait region to arctic Canada, the northern half of Greenland, Spitsbergen,
Novaja Zemlya, Siberia and also central Europe, Also in the margin of the ice-shield in
central Europe continental climatic conditions must have occurred.

Fig, s. Explanation in text.

There is a whole category of plants of the same or of approximately the same distribution.
This distribution must have been caused by the fact that the tundra refugees could
survive only in the tundra refuges but not in those offered by the coastal mountains,
I regard the following as typical tundra refugees:

Tofieldia coccinea Richard
Arctagrostis latifolia (R,Br,) Griseb,
Dupontia Fisheri R,Br,
Pleuropogon Sabinei R.Br,
Deschampsia brevifolia R.Br,
Poa abbreviata R,Br,
Puccinellia angustata (R,Br,) Er,
P. Vahliana (Leibm,) Th,Fr,
Braya purpurascens (R,Br,) Bunge

Carex ursina Dew,
Minuartia Rossii (R.Br,) Eenzl,
Arenaria ciliata subsp, psetidofrigida Ostf,

&Dahl
Cerastium Regelii Ostf.
Melandryum affine J,Vahl coll.
Ranunculus sulphureiis Soland.
Papaver Dahlianum Nordh.
Pedicularis lanata Willd, coll.
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Different types

Eutrema Edwardsii R.Br.
Draba ohlongata R.Br.
D. macrocarpa Adams coll.
D. subcapitata Simmons
Saxifraga setigera Pursh.
Potentilla hyparctica Make.
P. pulchella R.Br.
Polemonium boreale Adams

of unglaciated areas during the Ice Ages

Taraxacum arcticum Dahlst.
Dactytina arctica (Hook.) Nyl.
D. ramutosa (Hook.) Tuck.
D. madreporiformis (Hook.) Tuck.
Parmelia siibobscura Vain.
Umbiticaria polaris (Schol.) Frey
Cetraria chrysantha Tuck.
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Correspondingly there is an element or category of coastal mountain refugees.
As an example we may take Alchemilla glomendans Bus. (Fig. 7). I regard the following

species as typical coastal mountain refugees:

Botrychium lanceolatum (Gmel.) Angst. Saxifraga Aizoon Jacq.
Allosurus crispus (L.) Bernh. coll.
Asplenium viride Huds.
Athyrium alpestre (Hoppe.) Ryl.
Polystichum lonchitis (L.) Roth.
Cystopteris montana (Lam.) Bernh.
Selaginella selaginoides (L.) Link.
Juncus arcticus Willd.
J. trifidiis L.
Leucorchis albida (L.) F. Mey coll.
Phleum alpinum L. coll.
Deschafnpsia atropiirpurea (Wg.) Scheele
Agropyron violaceum Lge.
Carex arctogena H.Smith.
C. Macloviana D'Urv.
C. briinnescens Poir.
C. rufina Drej. -
C. atrata L.
C. bicolor All.
C. saxatilis L.
Sagina saginoides (L.) DT.
Stellaria calycantha (Led.) Bong.
S. crassifolia Fhrh.
Arenaria norvegica Gunn.
Viscaria alpina (L.) Don.
Thalictrum alpinum L.
Arabis petraea (L.) Lam.
Sedum villosum L.

We know far too little of the ecology or requirements of arctic-alpine plants to be able
to say which are the qualities that enable the tundra refugees to live in tundra refuges and
not in the coastal mountain refuges and vice versa.

A characteristic feature of tundra vegetation is the lack of competition. The short
summer, low summer temperature and the frequently extreme dryness which are con-
sequences of the continental chmate, allow no dense vegetation to develop. A species like

5. stellaris L.
Alchemilla alpina L.
A. glomendans Bus.
Rubus arcticus L.
Epilobium lactiflorum Hausskn.
E. alsinefolium Vill.
E. Hornemanni Rchb.
E. ajiagallidifolium Lam.
Cornus suecica L.
Angelica Archangelica L.
Loiseleuria procumbens (L.) Desv.
Primula scotica complex
Gentiana detonsa Rottb.
G. aurea L.
G. nivalis L.
Veronica alpina L.
V. fruticans Jacq.
Thynuis Serpyllum L. coll.
Rhinantlms groenlandicus (Chab.) Ostf.
Antennaria alpina (L.) Gaertn.
Gnaphalium norvegicum Gunn.
G. supimmi L.
Erigeron boreale (Vierh.) Simm.
Thyrea radiata Smft.
Umbilicaria rigida (DR.) Frey
U. fidiginosa Hav.
Alectoria nitidula (Th.Fr.) Vain.
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Saxifraga setigera with above-ground runners, living in the most favourable localities to be
found in the Arctic, but nevertheless free from competition, would have little chance of
survival in competition with a more southerly gramineous vegetation.

On the other hand, the coastal mountain refugees are often species with a high com-
petitive power, occurring in dense meadows. In the coastal mountain refuges there was
probably no lack of water in summer, and insolation was higher because the coastal
mountain refuges are generally situated farther to the south. Among the coastal mountain
refugees a number of snow-patch species occur {Allosurus crispus, Athyrium alpestre,
Cerastium cerastoides, Akhemilla species, Epilohium species, Veronica alpina, Gnaphalium

Fig. 7. Total distribution of Akhemilla glomerulans Bus. (After Samuelsson in
.4cta Phytogeographica Suecica, 1943.)

supimim and others). The necessary snow-cover could hardly be obtained in the tundra
refuges with their small precipitation.

The following typology of the refuges is therefore proposed:
A. THE COASTAL MOUNTAIN TYPE caused by high mountains situated near the border of
deep oceans. .

I. The Scandinavian type. The firn line never descends to sea-level. Atlantic climate.
Flora: Rich vegetation of vascular plants, mosses and lichens characterized hy
coastal mountain refugees.

II. The antarctic type. The firn line descends to the level of the sea in the severest
period. Antarctic climate. Flora: Few or no vascular plants. Few mosses. Rich
vegetation of lichens especially microlichens.
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B. THE TUNDRA TYPE caused by small precipitation in winter. Firn line never descends
to sea-level. Continental climate. Flora: Numerous species of vascular plants, mosses and
lichens characterized by tundra refugees.

In this outline the use of the concepts of continental or atlantic (or oceanic) for con-
ditions like those occurring in the Antarctic to-day has been replaced by the concept of the
antarctic climate. The use of the concepts of continental and atlantic is based partly on the
amount of precipitation, partly on the humidity of the air. These factors generally vary
in a similar direction and are followed by characteristic features of vegetation and soil
development. But under conditions of the most extreme cold the precipitation will
always be low even if the relative humidity of the air is high and no development of soil
and vegetation will be found. I will define an antarctic climate as one such that the firn
line descends to the level of the sea in the region concerned. Only in areas with the firn
line higher than the sea-level may one speak of atlantic or continental climate.

VIII. THE POSSIBILITY OE RICH ELORAS LIVING IN REGIONS WITH HEAVY GLACIATIONS

In the discussion about interglacial refugees in various regions one meets with the
following problem: 'Is any really important flora able to persist in regions of heavy
glaciation in the limited refuges generally available? Would not the mere proximity of the
vast icesheets affect the climate so severely as to destroy vegetation composed of any but
the hardiest plants.''

Attempts have been made to compare conditions in Scandinavia during the last Ice
Age with conditions to-day in Alaska, where even forests can live close to the great
glaciers (Stejneger, 1908), or with southern Greenland where small birch forests live
close to the ice, or with western Scandinavia where apple trees are blooming against a
background of permanent ice. These examples are pointed out by those who believe in
the persistence of large floras in the refuges. Others, less extreme, choose their comparisons
from Spitsbergen, northern Greenland or the Antarctic.

The question must be put in the following form:' Under what conditions can a southern
flora persist in regions of heavy glaciation?'

The most important factor for plant growth is the summer temperature. The plants
are not appreciably affected by the winter temperature provided that they can stand the
winter minimum. What is important is the length of the summer and a relatively high
temperature in the vegetative period.

Let us choose as an example a region with a firn line at 500 m. Let us increase the
summer temperature and see what changes of other climatic factors are necessary to keep
the firn line constant.

The altitude of the firn line is mainly dependent on the melting of snow in the summer
on the one hand, and the amount of precipitation in winter on the other. The melting of
snow in summer is largely dependent upon the summer temperature and the length of the
summer. If the summer temperature increases it is necessary that the precipitation in
winter also increases to keep the altitude of the firn line constant.

If, alternatively, the precipitation in an area increases it is necessary to increase the
summer temperature to keep the altitude of the firn line constant.

We must conclude from this that in refuges with a firn line above sea-level, a high
summer temperature is necessarily combined with a high precipitation, i.e. atlantic climate.
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If, on the other hand, we have refuges in areas of atlantic climate and reasons to believe
that these refuges were not of the antarctic type we must expect that more southern types
had the possibility of existing in these areas, and the more so the more atlantic the climate
was. Accordingly, one may expect that relatively southern types were able to exist even in
limited refuges on the western coast of Scandinavia and especially in the British Isles
during the last Ice Age,

IX, CONCLUDING REMARKS

The thesis we have developed affords part of the solution of the problem of the southern
Greenland macrolichen flora. As mentioned earlier the southern Greenland macrolichen
flora is almost identical with the Scandinavian, This can be explained by the following
factors:

(1) The macrolichen floras of Scandinavia and Greenland date from a period when a
closer connexion thanthat of to-day existed between the European and the American floras,

(2) The factors of selection operating in both regions during the last Ice Age were
almost the same and different from those, for instance, in Novaja Zemlya and the Alps,

As to point (i) we have reasons to believe that this is the fact. In interglacial layers in
Europe fossils of species of vascular plants extinct in Europe but occurring in America
are found. And if the western arctic elements in the Scandinavian alpine flora are to he
regarded as survivors from the last interglacial it must be part of the wider supposition
that the flora of Europe during the last interglacial had a more American character than it
has to-day. The cause of this is a problem of its own, I cannot venture to say whether the
Wegener hypothesis, the hypothesis of a land bridge over the Eaeroes to Iceland, or any
other hypothesis can solve this problem.

As to point (2), the refuges both in southern Greenland and in Scandinavia during the
last Ice Age were of the coastal mountain type and the Scandinavian subtype.

We have all the time spoken about the Last Ice Age, We know that before the Last Ice
Age there was a still more severe glaciation, the Great Ice Age, Whether the plants were
able to survive the Great Ice Age in Scandinavia, Scotland or in other areas of the coastal
mountain type is a more difficult problem. If we postulate that the relief 100,000 years
ago was approximately the same as to-day, we may conclude that in some areas total
glaciation did not occur. At least some few nunataks existed. The areas which we are ahle
to prove were unglaciated at the outer coast of More, at Traena and in Einmark were
doubtless glaciated during a previous glaciation, for large submarine ice-formed valleys
occur outside these areas, and these could hardly have been formed without the existence
of a large ice-sheet overriding those areas. This is not the case with the Lofoten Islands,
There are, as far as I know, no signs to be found on the shelf outside these islands of any
regional glaciation which w ôuld make it necessary to conclude that these areas had been
totally glaciated at any time.

One problem must be pointed out. We have found that the existence of a dominating
western arctic element of the alpine flora of Scandinavia can be explained by the theory of
the sun. ival of plants during the Last Ice Age, But if the whole flora was exterminated
during the Great Ice Age in north-western Europe and no closer connexion between
America and Europe existed after that time, the Scandinavian alpine-arctic flora still
would be a province of the middle European, Erom a phytogeographical point of view we
must consequently either postulate that a closer connexion between north-western
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Europe and north-eastern America existed during the last interglacial, or we must believe
that an arctic-alpine flora could survive during the great Ice Age in some refuges in
north-western Europe.

To solve these and other problems a new line has been taken up during the last few
years by Americans and Swedes. New methods of deep-sea borings have been evolved.
If they are successful they may disclose the age of the Atlantic Qcean and whether any
part of it was emerged during the Pleistocene period. Enumeration of moraine horizons
can provide better information of the number and extent of the Ice Ages, and studies of
fossils from interglacial and glacial deposits may yield information of the climate through-
out the whole period.

During the great Ice Age many of the refuges of the Northern Hemisphere were
doubtless of the antarctic type, where only numbers of microlichens could live. A closer
study of the arctic and subarctic microlichen flora, already started by Prof. Lynge, will
probably give us information of older phytogeographical relationships of the North
Atlantic area than will be provided by studies of other groups of plants.
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