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KNUD J ESSENS navn er ul0seligt knyttet til den nordeuropreiske floras 
historie, i mere end en menneskealder er han gaet i spidsen pa dette 

forslrningsomrade . Hvor h an begyndte i Danmark og i Irland fulgte 
an dre efter, inspireret af hans indsats og st0ttet af hans kraftfulde 
initiativ og venlige bjrelpsomhed. I hans fodspor blomstrede forslmingen 
op, prreget af fru gtbart samarbejde til alle sider. Dette lykkelige forbold 
kan fores tilbage t il Knud J esrnns vindende og frodige personlighed. 

Streng saglighed prreger Knud J essens hele videnskabelige vrerk , og 
dog breres hans arbejde som forsker af en spontan og smittende glrede. 
Vi haber da ogsa, at den saglige hyldest, som er indholdet af denne bog, 
skrevet af kolleger, elever, venner , ma glrede ham. 

Knud J essens virkefelt er ikke indskrrenket til Danmark. Han har 
unders0gt tyske moser , bearbejdet engelske og norske fund, og fra hans 
hand stammer de grundlreggende arbejder over Irlands vegetationshisto­
rie. Det var derfor naturligt at give nogle af hans venner fra disse lande 
lejlighed til at deltage i denne hyldest. 

Bogen er udgivet af Danmarks Geologiske Unders0gelse; den er en 
bilsen fra bans gamle institut, som ban har skrenket mange frugtbare 
arbejdsar som leder af Moselaboratoriet. 

J ohs. I versen. 



T7 NUD JESSEN's name is inherently associated with the history of the 
~ flora of northern Europe; for more than a lifetime he has been at the 
forefront in this field of research. Where he began, in Denmark and in Ire­
land, others followed, inspired by his achievement, sustained by his vital 
initiative, and his kind assistance. In his footsteps research flourished, 
characterized by fruitful allround co-operation. This felicitous esprit de 
corps can be traced to Knud J essens charming and downwright personality. 

Strict objectivity distinguishes Knud J essen 's entire scientific work, 
yet his daily work of research is borne by a spontaneous and infectious joy. 
Accordingly, we hope that the specific tribute expressed in this book, 
written by colleages, pupils, friends, will please him. 

Knud Jessen's sphere of activity is not limited to Denmark. He has 
investigated German bogs, worked with English and Norwegian finds, 
and from his hand derives the fundamental work on the vegetational 
history of Ireland. It was, therefore, natural to afford some of his friends 
from the countries mentioned an opportunity to partake in the tribute. 

The book has been published by the Geological Survey of Denmark 
as a greeting from his old institute to which he has given many fruitful 
years of work as the leader of the bog laboratory. 

Johs . Iversen. 
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New Mounting Media for Pollen Grains. 
By 

B. BRORSON CHRISTENSEN 

N ationalmuseet, Copenhagen. 

Glycerin and glycerin-jelly have so far been the only embedding media 
commonly employed in the microscopy of pollen exines. As they are by no 
means ideal for the purpose the author has carried out experiments in order to 
Jind better media. Belo,v some results of these experiments are described: Some 
drawbacks are mentioned of the more conventional embedding media as regards 
their usefulness in pollen microscopy. Several new media are proposed: Poppy­
seed oil, Aesculus-gum, both of low refraction, and two artificial resins of very 
high refractive index, " Pleurax" and "Lurifax" of which the latter is described 
here for the first time. 

When, more than half a century ago, the minute markings and intri­
cate patterns on the silicious skeleton of diatoms began to be studied 
with great intensity and even enthusiasm, "diatomists" soon discovered 
that most of the mounting media commonly used in botanical micro­
scopy were somewhat inadequate for this special purpose. 

The images obtained with the conventional media were flat and 
devoid of contrast and detail; in glycerin, for instance, diatoms proved 
to be hardly visible, gum damar and Canada balsam were only slightly 
better. This calamity was the result of insufficient difference between 
the refractive indices of object (diatom silica in this case) and mounting 
medium. The normal remedy when this problem arises in microscopy 
is of course staining, but diatom silica is impervious to staining. 

The other alternative is to apply other mounting media of refractive 
indices, either considerably lower, or considerably higher than that of 
the diatom skeletons (n = 1.43 ). With the advent of modern oil-immer­
sion objectives, especially the apochromatics, media of very low refrac­
tion are losing interest , as they will of course affect the performance 
of such optical equipment. Accordingly, a search has been made for 
suitable media of very high refractive index , and to-day the diatomist 
has at his disposal a whole series of mounting media that give ample 
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contrast and, when the microscope is correctly handled, show details 
that would be completely invisible with the "oldfashioned" media: 

Styrax ......................... n = l.5s-l.G2 

" Hyrax" (a synthetic resin). . . . . . . . . . . . . . . 1.71 

"Sirax" ( - - ) . . . . . . . . . . . . . . . I.so 

Realgar (disulphide of arsenic) .......... . 2.55 

In view of these results, it may seem remarkable that in pollen analysis, 
and pollen morphology, where problems are fairly similar to those con­
fronting the diatomists , glycerin and glycerin-jelly still seem to be 
preferred mounting media. True, these mounting media are justlypopu­
lar because they are very convenient in daily use, and they often give 
good results optically. Yet, they both have a great many drawbacks: 
The good optical results are very often due to a considerable amount 
of water being present in the slides, so that the refractive index of the 
medium is appreciably lowered. When slides are made absolutely free 
from water , results are not nearly as good. The refractive index of pure 
glycerin is 1.47 , that of glycerin-jelly usually a little lower. Normally, 
pollen-exines have a refractive index of about l.55- 1.oo, but when mount­
ed in glycerin or glycerin-jelly they tend to become "soaked" and "swol­
len", with the result that their refraction is considerably lowered, and 
the contrast in the slides is less than might be expected. When the water 
that may have been present has evaporated from the mounting medium, 
the pollen grains are frequently very nearly invisible. This swelling is 
particularly pronounced when the material has been acetolysed. 

To all this may be added that pollen slides mounted in these media 
have rather poor keeping qualities , they are apt to become dried out 
and mined even when carefully sealed. 

Now, of course, pollen exines are easily stained, but several leading 
scientists in this field seem to agree that the results of staining are not 
ideal. And though nowadays such equipment exists as the phase-con­
trast microscope, and the truly formidable electron-microscope, neither 
of these seems to be on the point of making the conventional kind of micro­
scopy superfluous, or obsolete. The present author has , accordingly, for 
some time been carrying out experiments in order to find mounting 
media of better qualities, optical and otherwise, for the use in pollen 
investigation. It is naturally too early to form an opinion, whether the 
author has succeeded in finding media that will give "permanent" slides ; 
but it is certain that details invisible or very nearly so in glycerin and 
glycerin-jelly, are easy to observe and photograph in such media as 
"F" and "G" (see below). 

Because of the somewhat higher refractive index of pollen-exines as 
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compared to that of diatoms it is possible to choose media of low refrac­
tive index, and to get good contrast this way, without deterioration in 
t he performance of the finest objectives; on the other hand, the range 
of possibilities is limited, to some extent, by t he fact that pollen grains 
are by no means as resistent to chemicals and heat as are the diatoms. 
For this reason, several otherwise very promising possibilities have had 
to be given up; hyrax and realgar, for instance, both seem to be impracti­
cable. 

Out of several hundred substances which have been tried as mounting 
media for pollen grains, only a few that have given promising results 
will be described below. 

All the photographs in plate I represent pollen grains of Corylus 
avellana L. and Salix sp. in the acetolysed state. The amplification is 
7 50 diameters , numerical aperture l. a7. 

A. Poppy seed oil (n = 1. 46 ), see Plate I , Fig. A. With this substance 
the results obtained are somewhat better, optically, than with glycerin. 
Pollen material is mounted from benzene, and as poppy seed oil is one 
of the " drying oils" there is no reason for sealing the slides. After a few 
days, solidifying of the oil will fasten the cover-glass effectively along 
the edges , while the interior of the slide remains liquid over a consider­
able period. Thus it is possible by means of gentle pressure on the 
cover to move the pollen grains a little, if so required. 

This medium does not seem to have any influence upon the size of 
pollen grains, and as it is not volatile there will be no tendency towards 
"drying out" of the slides. 

B. Glycerin (n = 1.47) . The photograph , Plate I , Fig. B, is of a mount 
that contains no water at all. Although the slide was quite new at the 
time, swelling of the exines has begun, and already the contrast is less 
than might be expected. (It ought to be mentioned that the adjustments 
of th e microscope and its lamp were not touched while the ten photo­
graphs in plate I were taken). Advantages and drawbacks of glycerin 
have, however, been discussed above. 

C. A esculils-gum (or -balsam), n.= 1.49, Plate I, Fig. C. This is the 
brown, glistening and sticky matter seen on t he buds of the common 
horse chestnut. The substance is easily isolated by soaking of the buds 
in benzene followed by straining and evaporating. In thin layers it is 
of a very pale green hue, the consistency is somewhat like molasses. 
Pollen grains may be mounted in t his substance from absolute alcohol 
or benzene, (of which the latter is to be preferred). The optical results 
seem slightly better than with glycerin. There is no need for any sealing, 
since slides that have been stored for one year show neither any drying 
out nor a tendency towards hardening. Pollen grains may be moved as 
described above. 
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D. and E. Damar and S tyrax (n = l. s2 and l. ss respectively). Plate 
I , Figs. D. and E. These mounting media have of course excellent keeping 
qualities, but this is about all that may be said in their favour. The 
common photographic plate is rather insensitive to the yellow colour of 
acetolysed pollen grains, so the pictures show some contrast between 
the pollen grains and their background, but scarcely any details are 
visible. 

The refractive indices of the two mounting media below mentioned 
are much higher than those of the media A-E , and above that of the 
pollen grains as well. Accordingly, the results obtained may seem strange 
to microscopists accustomed to studying pollen in media of low refrac­
tion. Nevertheless t here can be no doubt that the media F and G show 
minute and delicate detail far better t han any of the " convent ional" 
media. This, however, is only quite apparent with an absolutely first 
class microscope, carefully adjusted. 

F. "Pleurax" , phenol-sulphur resin , (n > l, 90 ). See Plate I, Figs. F , 
1, 2, & 3. This substance- a light green, very transparent resin- is 
just beginning to be known as a mountant for diatoms. In the litterature 
of "plastics" it is however mentioned as far back as 1907, and so it is 
a veteran among synthetic resins. With some care pollen grains may 
be mounted in " pleurax" from pure alcohol, and the results are very 
satisfactory indeed, at least with regard to the optical requirements. 
(Acetolysed pollen material is apt to swell a little in alcohol). The keeping 
qualities are , of course, not sufficiently known as yet, but slides six 
months old have not shown any signs of deteriorating. A sealing ought 
to be carried out as " pleurax" is slightly sensitive to atmospheric mois­
ture. The sample of phenol-sulphur resin used in these experiments was 
prepared by the author in the National Museum. 

G. " Lurifax" , (n > 2.oo). See Plate I , Figs G. 1 & 2, and Plate II, E. 
This synthetic resin is still in its early infancy since it was invented by 
the present author during the experiments , here described. I t is a com­
pound of ci nnamic acid and sulphur, and it is easily soluble in benzene 
and xylene as well as in chloroform. The preparation of t he resin may 
be carried out by the microscopist himself at the working table- that 
is , if he is not too particular about smells and fumes: 

A mixture of 60 grs of fJ phenyl-acrylic acid ( cinnamic acid) and 40 grs of 
sublimated sulphur is kept for 2- 3 hours (in a retort) at a t emperature of about 
120° C. The result-after cooling- is a dark brown substance, rather soft but of a 
crystalline nature. This is dissolved in a little chloroform; isolated drops of the 
solution are placed on a glass plate and by means of a spirit lamp heated evenly 
but rather strongly. In this way polymerisation is completed and superfluous 
cinnamic acid is got rid of. This part of the process is not easy, partly because 
the dense yellow smoke that escapes is apt to catch fire, which it must not , 
p artly because the h eating ought not to be continued any longer than is 
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absolutely necessary. When cool, the drops should consist of a dark brown 
·' resin" , very smooth and shining, absolutely amorphous and, though brittle , 
so hard that it cannot be marked with a finger-nail. For use a sort of thick 
balsam is made by disso lving the resin in a small amount of benzene or 
chloroform. 

Diatom slides are prepared in the same way as with styrax. Pollen­
grains are mounted from benzene, a rather difficult procedure. The 
solvent should be very nearly got rid of before the cover -glass is placed 
on the slide and only very gentle heat may be employed. 

This medium, it is true, is very dark yellow, but if slides are thin 
sufficient light is transmitted to permit a blue-green glass filter to be 
used , and results are very striking with diatoms as well as pollen grains. 
The keeping qualities are naturally quite unknown. 

In plate II five specimens of Gyrosigma are shown photographed in 
five different media, at 640 diameters and at a numerical aperture of 
O.s5. The reason for this is that diatoms, being quite colourless and 
transparent, are well suited to the purpose of showing how contrast 
increases with a greater difference between refractive index of object 
on the one hand and mounting medium on the other hand. In A the 
medium is damar, B is mounted with styrax; C with " hyrax"; D with 
"pleurax" and E with " lurifax". In every case, except E , all conditions 
and adjustments are quite identical. E requires some more light than 
the others. 

References. 
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Dansk resume. 

lndenfor pollenanalyse og morpholog iske pollenuncl erso gc lser har man hicl­
ti I so m incleslutningsmicller for pollenkorn i mikroskopiske pr.:cparater anvenclt 
glycerin og glyceringela tine. Disse stoffer lacier imicllerticl meget tilbage at 
onske b ade med hensyn til pr:.epara ternes holdbarh ecl og i optisk henseencl e. 
Derfor foreslas h er (som resultat af en r:.ekke fors0g) nogle stoffer, der kundc 
L.:cnkes egnecle til at erstatte de glycerinholclige indeslutningsmidler: 

Valmucolie og Aesculus-balsam m ed lavere lysbryd ning end pollenexinerne, 
bcgge i optisk h enseencl e sa gocle som eller bedre encl glyccrin og, lwad hold­
barhedcn angar, antagelig at foretr :.ekke for denne. E nclviclere to kunstharpikser , 
" Pleurax" og " L urifax", bcgge mecl overordentlig hoj brycl ningsinclex og 
meget egnecle til synligg0relse affine og sarte exinestrukturer. Det siclstn:.evntc 
af clisse stoffer er h ell nyt og b eskrives her for forste gang. 



Die Synchronisierung der mitteleuropaischen 
Pollendiagramme. 

Von 

F. FIRBAS 

Systematish-Geobotanisches Institut der Universitat, Gi:ittingen. 

Zusammenfassung. 
Es wird versucht, eine kurze Ubersicht liber die Grundlagcn zu geben, auf 

denen die Synchronisierung der mitteleuropaischen Pollendiagramme beruht. 

Von den vegetationsgeschichtlichen Ergebnissen, die man KNUD 
JESSEN verdankt, haben vor a llem zwei auch au£ die Erforschung und 
Darstellung der quartaren Vegetationsgeschichte Deutschlands sehr an­
regend gewirkt: die Zonengliederung der danischen Diagramme aus der 
Spat- und Nacheiszeit mit ihrer Charakterisierung der vegetations­
geschichtlichen Perioden (1935- 39, Ansatze dazu 1920) und die Gliederung 
des letzten Interglazials (JESSEN & MILTHERS 1928). So mag es, einer 
freundlichen Anregung der Herausgeber folgend, gerechtfertigt er­
scheinen, an dieser Stelle in etwas veranderter Form einen V ortrag wieder­
zugeben, mit dem au£ der 3. Internationalen Tagung for quartare Vege­
tationsgeschichte im August 1953 in Kopenhagen eine Diskussion iiber 
die Synchronisierung von Pollendiagrarnmen eingeleitet worden ist. Es 
schien hierbei zweckmassig, sich au£ die Spat- und Nacheiszeit zu be­
schranken und von den Erfahrungen in Mitteleuropa auszugehen. Einige 
Bemerkungen ftber Material und Methodik werden hier weggelassen. 

Au£ welchen Grundlagen beruht die Synchronisierung der mittel­
europaischen Pollendiagramme? 

In Mitteleuropa und in grossen Teilen von West- und N ordeuropa 
geben die Pollendiagramme bekanntlich eine eigenartige Sukzession der 
vorherrschenden Waldbaume wieder , namlich die Reihenfolge: Betula, 
Pinus - Corylus, Ulmus, Quercus, Tilia, Alnus -Fagus, Abies, Carpinus. 
(Picea schaltet sich in diese Abfolge an verschiedenen Stellen ein.) Man 
kann diese Sukzession im Anschluss an RUDOLPH die >>mitteleuropaische 
Grundsukzession« nennen. Sie ist eigenartig, weil sie mit der heutigen 
zonalen Gliederung der Walder gegen den Nordpol oder mit ihrer Stufen-
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folge in den Gebirgen nur wenig ubereinstimmt. Sie muss im wesentlichen 
postglazial sein und findet sich im ubrigen innerhalb wie ausserhalb der 
Grenzen der letzten Vereisung. Sie gestattet es, die Pollendiagramme in 
eine Reihe von Zonen einzuteilen, wie dies seit v. POST und JESSEN 
vielfach geschehen ist. Diese Zonen konnen innerhalb eines Gebiets mit 
mehr oder weniger gleichem Klima und Boden als praktisch synchron 
angesehen werden. So bewahrt sich z. B. in Nordwestdeutschland seit 
einer Reihe von Jahren eine von OVERBECK & ScmrnrnER (1938) ent­
worfene Gliederung. Sobald wir es aber mit grosseren Entfernungen 
oder mit grosseren Unterschieden des Klimas oder der Boden zu tun 
haben, wird die Synchronisierung zu einer immer schwierigeren Aufgabe. 
Es konnen dann die gleichen Merkmale in den Diagrammen, d. h. die 
gleichen vegetationsgeschichtlichen Vorgange wie z. B. die Massenaus­
breitung einer Holzart, motachron werden, sie brauchen nicht synchron zu 
sein. Dabei ist es zunaohst gleichgiiltig, ob solche zeitlichen Verschiebun. 
gen au£ Wanderungen der Arten in bestimmten Richtungen oder aber au£ 
die fortschreitende Ausbreitung eines gewissen Klimazustandes zuruckzu­
fiihren sind, der for die Forderung einer Holzart notwendig war. Gab es 
nun in dieser Entwicklung Ereignisse, die sioh als synchrone Leithorizonte 
uber ein weites Gebiet verfolgen lassen? 

Als wiohtigsten Leithorizont muss man rnit FAEGRI (1939/40) wohl 
die jungere Dryas- oder Tundrenzeit (Periode III) ansehen, ge­
nauer die Zeit der grossten stadialen Ternperaturerniedrigung wahrend 
dieses Abschnitts. In grossen Teilen von Westeuropa, in Mitteleuropa 
und im ~udlichen Nordeuropa kam es langere Zeit nach der ersten Aus­
breitung von Birken- und Kiefernwaldern und kurz vor der endgiiltigen 
1\fassenausbreitung der Hasel und der Baume des >>Eichenmischwalds<< 
zu einer nochmaligen, weitgehenden Verdrangung der Walder und zu 
einer Absenkung der Waldgrenze in den Gebirgen um einige hundert 
Meter. Diese Vorgange mtissen au£ eine neuerliche Erniedrigung der 
Temperatur wahrend der Vegetationszeit zuruckgehen und nicht etwa 
au£ eine Zunahme der Trockenheit. Eine solche Temperaturdepression 
muss tiberall, wo sie in gleicher Lage beobachtet wird, praktisch gleich­
altrig sein. Es knupfen sich an sie noch einige offene Fragen: 

Innerhalb welchen Ge biets !asst sich die jungere Tundrenzeit sicher 
nachweisen? Von den Landern um die sudliche Nordsee bis nach Hol­
land und ins nordliche Mitteldeutschland ohne Bedenken. In Suddeutsch­
land und in den Alpen liegen vollig eindeutige Nachweise neben noch un­
klaren Befunden. Eindeutig sind z. B. die Nachweise am Sewensee in den 
Vogesen (GRUNIG 1946) , im Sudschwarzwald (G. LANG 1952, 1954) und 
im Lanser See bei Innsbruck (ZAGWIJN 1952) , sehr wahrscheinlich der bei 
Lunz in Niederosterreich (GAMS 1927), wohl noch nicht restlos gesichert 
jene aus dem nordlichen Alpenvorland und aus der Schweiz. 
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Noch nicht endgtiltig geklart ist auch die Zuordnung der jungeren 
Dryaszeit zum Eisriickzug. Die Richtigkeit der wohl zuerst von K NUD 
JESSEN (1920) vorgenommenen Parallelisierung mit dem Eishalt an den 
mittelschwedisch-finnischen Moranen durfte freilich durch DONNER ( 1951) 
erwiesen sein. (N ach DONNER lasst sich eine waldlose Phase >>Ill<< nur vor 
und zwischen den Salpausselka-Moranen I bis III nachweisen, innerhalb 
von Salpausselka III nicht mehr.) In den Alpen aber ist es noch immer 
fraglich , ob und wie weit wir berechtigt sind, die jungsten Stadien 
(Schlern, Gschnitz , Daun) zu einer Einheit - der >>Schlussvereisung<< 
AM:PFERER's - zusammenzufassen und der jungeren Dryaszeit gleich­
zusetzen. Doch ist es auch nach den jungsten Untersuchungen von 
WELTEN (1952) sehr wahrscheinlich, dass zumindest das Gschnitz­
Stadium in III fallt, wie seit langem angenommen worden ist. 

Konnen wir die un tere undo bere Grenze von III iiber weite Gebiete 
als synchrone Horizonte verfolgen? Es ist zur Zeit noch recht schwierig. 
Die obere Grenze (III/IV, die Grenze zum Praboreal) z. B. wird ausser 
durch den Abfall der Nichtbaumpollen und durch den Anstieg von 
Betula seit JESSEN auch oft durch den mehr oder weniger raschen Wechsel 
von mehr minerogener zu mehr organogener Sedimentation bestimmt, 
und dieser Wechsel als Ausdruck einer raschen Klimabesserung ange­
sehen (JESSEN 1920, NILSSON 1935 u. a. ; >>geochronologischer Leithori­
zont l<< nach GROSS 1937). Das diirfte im allgemeinen richtig sein. Beim 
Versuch einer genaueren Konnektierung aber muss man bedenken, dass 
nicht nur die Massenausbreitung einer Holzart , sondern auch stratigra­
phische Grenzen bzw. der ihnen zugrundeliegende Sedimentwechsel an 
klimatische Schwellenwerte gebunden sein miissen, die in verschiedenen 
Landschaften zu verschiedener Zeit erreicht werden konnten. 

Wenden wir uns nun zum Spatglazial vor III, so deckt sich der Nach­
weis der Allerodsch wankung gebietsmassig etwa mit dem der jun­
geren Dryaszeit. In einem Teil von Deutschland (nach bisherigen Beob­
achtungen zumindest von der Eifel bis in die Gegend von Braunschweig, 
Halle und bis zum Sudschwarzwald) lasst sich die Allerodzeit durch den 
vulkanischen Laacher Tuff synchronisieren. Torfmudde unmittelbar iiber 
dieser vulkanischen Schicht ergab bei Wallensen im Hils mit der R adio­
carbon-Methode ein Alter von 11044±500 J ahren (nach LIBBY) bzw. von 
10910± 330 Jahren (nach LEVI & TAUBER). Diese Zahlen stimmen sehr 
gut mit den in Danemark (von ANDERSON, LEVI & TAUBER bzw. IVER­
SEN) an danischen Proben gefundenen iiberein: 10970±220 bis 11880±340 
J ahre fur das Alter der jungeren Halite der Allerodzeit bzw. 10300± 350 

und 10830± 200 for den Ubergang zur jungeren Tundrenzeit. 
Von besonderem Interesse ist zur Zeit die Frage nach dem Geltungs­

bereich einer alteren Klimaschwankung, die u . a. IVERSEN (1942) aus 
Danemark beschrieben und als >> Bo ll ingsch wankung << bezeichnet hat. 
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Duden wir allgemein ein unter den allerodzeitlichen Schichten liegendes 
nachstalteres Interstadial der Bollingschwankung zuordnen? In Ost­
preussen (GROSS 1937 , 1942) , Nordwestdeutschland (ScHUTRUMPF 1943, 
OVERBECK 1949) und Holland (VAN DER HAMMEN 1949, 1951), also in 
verschiedenen Landschaften des Flachlands scheint sich diese Schwan­
kung gut herauszuheben. Im mitteldeutschen Trockengebiet ist H. MUL­
LER (1953) bei Aschersleben in 101 m Seehohe ein sowohl stratigraphisch 
wie pollenanalytisch besonders gut begriindeter N achweis einer spat­
glazialen Klimaschwankung gelungen, die alter als das hier durch den 
Laacher Tuff eindeutig bestimmte Allerod sein muss und sehr wahrschein­
lich der Bollingschwankung entspricht. An dieser Stelle werden sich auch 
Radiocarbon-Bestimmungen ausfiihren lassen. Ob die sogenannte >>altere 
Kiefernzeit<< des Bodenseegebiets und Oberschwabens der Bollingzeit ent­
spricht - wie G. LAKG annimmt - bleibt zu entscheiden. (Uber die 
Lage in den Alpen vgl. WELTEN 1952, S. 68 .) 

Schliesslich hat vor wenigen Jahren VAN DER HAMMEN (1951) unter 
neuen Gesichtspunkten die Frage behandelt, welchen Horizont man in 
den Diagrammen als Beginn des Spatgl azials ansehen soll. Er 
schlagt die erste starkere Ausbreitung der im Gebiet schon vorher vor­
handenen und daher nicht etwa wegen unvollstandiger Einwanderung 
fehlenden Gattung Artemisia vor der Bollingzeit hierfor vor. War aber 
nicht auch diese Erscheinung an einen bestimmten klimatischen Schwel­
lenwert gebunden und somit in verschiedenen Landschaften ungleich­
altrig? 

Betrachten wir nun die postgl a zialen Diagramme, so stehen uns hier 
bekanntlich verschiedene Wege zur Synchronisierung zur Verfogung, teils 
solche, die for das ganze Postglazial, teils solche, die nur for einzelne 
Perioden brauchbar sind. 

Allgemein brauchbar ist zunachst die >> Di agramm l age<< im Sinne von 
RUDOLPH (1930). Wenn der Zeitabschnitt von der jungeren Dryaszeit bis 
zur Gegenwart in vielen Diagrammen abgegrenzt worden ist, dann wird 
die glciche Erscheinung, z. B. der Steilanstieg der Picea-Kurve, dort, wo 
er regelmassig im unteren postglazialen Teil beobachtet wird, alter sein 
als dort, wo man ihm meist erst in der Mitte der Diagrarnme oder noch 
hoher begegnet. Man setzt also voraus, dass das Wachstum der Sedimente 
im Durchschnitt vieler Diagramme der Zeit ungefahr proportional ge­
wesen ist. Das kann naturlich nur zu einer ersten Ubersicht fohren. 

Eine allgemeine oder doch eine sehr weitreichende Geltung wird man 
auch von allen klimageschichtlichen Gliederungen erwarten durfen. Die 
alteste ist das Blytt-Sernander'sche System. In Mitteleuropa 
heben sich seine Perioden in den meisten Landschaften weder in der 
Stratigraphie noch in der W aldentwicklung so klar heraus, dass man 
danach genau genug synchronisieren konnte. (Verhaltnismassig am scharf-
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sten lasst sich auch in den mitteleuropaischen Mooren naturlich das 
Subatlantikum, die Zeit des Jungeren Sphagnumtorfs, erkennen.) Es 
scheint in jeder der Blytt-Sernander'schen Perioden feuchtere und 
trockenere Phasen gegeben zu haben , die extremer waren als die durch­
schnittlichen Unterschiede zwischen den H auptperioden selbst. Aber auch 
nach diesen kiirzeren Phasen , d. h. also nach den Rekurrenzflachen bzw. 
nach der abwechselnd mehr hygroklinen oder mehr xeroklinen Tendenz 
des Hochmoorwachstums (OVERBECK) , sollte man sich wenigstens so 
lange nicht richten, so lange Zahl und Alter der Rekurrenzflachen und der 
Bereich ihres Vorkommens nicht endgiiltig festgestellt worden sind. So 
warnt OVERBECK (1954) mit Recht vor einer einfachen Ubertragung des 
schwedischen Rekurrenzflachen-Systems au£ die deutschen Moorgebiete; 
hier ist vielmehr eine moglichst unabhangige und unvoreingenommene 
Datierung entsprechender Erscheinungen (einschliesslich des >>Grenz ­
horizonts<<) notwendig. 

Eine weitere klimatische Grossgliederung ermoglicht die post g 1 a -
ziale Warmezei t bzw. die klimatische Revertenz im Sinne v. PosT's 
(1930, 1944) mit ihren regionalen Parallelen. v. PosT hat vorgeschlagen, die 
postarktische Zeit danach in drei Phasen, namlich die der >>zunehmenden, 
kulminierenden und abnehmenden« ,varme zu gliedern und in der Vege­
tation >>termino-<< und >>mediokratische<< Elemente zu unterscheiden. Diese 
Gliederung hat den Vorteil, dass sie eine sehr gut begriindete, klima­
geschichlich besonders wichtige Tatsache von weltweiter Geltung betrifft. 
In der N omenklatur kann man zudem zu einer einfachen Parallelisierung 
mit dem Blytt-Sernanderschen System kommen und sollte an dieser auch 
festhalten, gleichgiiltig, welche Begrenzung der Perioden sich schliesslich 
als die zweckmassigste herausstellen wird: 

Subatlantikum 
Subboreal 
Atlantikum 
Boreal 
Praeboreal 

N achwarmezeit 

Spate l 
Mittlere Warmezeit 
Friihe 
Vorwarmezeit 

Aber so wichtig der postglaziale Temperaturverlauf auch ist, die 
Temperaturveranderungen sind in den Diagrammen meist nicht so aus­
gepragt, dass sie for eine genauere Synchronisierung geeignet waren. Es 
ist in Mitteleuropa z. B. sehr schwierig, die ,Vfrkungen der klimatischen 
Revertenz von denen der menschlichen Wirtschaft zu unterscheiden. 
(Man vergleiche z. B. die Forderung von Pinus , Picea, Betula oder Calluna 
im Laufe des letzten Jahrtausends.) Uberhaupt sollte man die Revertenz 
nicht iiberschatzen. Im letzten Interglazial ist ja gerade eine gewisse 
Asymmetrie der Vegetations- und Klimaentwicklung von Interesse, mit 
der sich schon C. A. ,VEBER und KN. JESSEN befasst haben. Dort, wo 
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andere Wege fehlen , war die v. PosT'sche Dreigliederung bis zur Einfiih­
rung der Radiocarbon-Methode freilich das einzige Mittel zu Synchroni­
sierung (Hawaii , Neuseeland). 

v. PosT (1930, 1944) hat weiterhin au£ die kleineren, kurzeren 
Klimasch wankungen aufmerksam gemacht, die wahrscheinlich einen 
Teil der >>sekundaren« Kurvenschwankungen verursacht haben , die man 
in Diagrammen mit geringem Probenabstand beobachten kann ; sie sollen 
auf die Interferenz mehrerer Klimarhytmen mit verschiedener Amplitude 
zuriickgehen. v. POST hat vorgeschlagen, sie mit Hilfe sehr dicht ge­
zahlter Diagramme von Landschaft zu Landschaft zu verfolgen. vVie 
besonders die Bemiihungen T. NILSSON'S zeigen, ist es leider sehr schwer, 
den hierfiir notigen, sehr grossen Arbeitsaufwand zu bewaltigen und zu so 
eindeutigen Synchronisierungen zu gelangen, dass sie andere Bearbeiter 
vollig uberzeugen. FAEGRI & IVERSEN warnen wohl mit Recht davor, 
kurzfristige Schwankungen der Pollenanteile zur Synchronisierung zu 
benutzen, so langeihre okologischen Ursachen nicht bekannt sind. Immer­
hin wird man Erscheinungen wie die voriibergehend hoheren Fagus­
Anteile vor dem endgultigen Fagus-Anstieg , auf die SCHMITZ (1951) und 
OVERBECK (1952) vor kurzem aufmerksam gemacht haben, mit Interesse 
weiter verfolgen. 

Den weitesten Geltungsbereich hatte schliesslich die Verknupfung der 
Diagramme mit den eustatischen Schwankungen des Meeresspiegels 
(v . PosT 1944). Darauf kann hier nicht eingegangen wcrden. 

Zu diesen allgemeinen Wegen treten nun noch solche von engerem 
Geltungsbereich. Sie sollen nicht gesondert besprochen, sondern die 
heutige Lage getrennt for die einzelnen Perioden gekennzeichnet werden. 
Dabei konnen jeweils nur einige wichtige Fragen hervorgehoben werden. 
Wir wollen mit der jungsten Periode beginnen. 

In der Nachwarmezeit , im Subatlantikum, das man heute meist 
bis zur Gegenwart reichen lasst , steht uns ausser archaologischen Funden 
auch die unmittelbare Verknupfung der Pollendiagramme mit der aus 
schriftlichen Quellen bekannten Siedlungsgeschichte zur Verfiigung. Die 
Pollenkorner der Getreide und anderer Siedlungszeiger (Plantago, Fago­
pyrum, Centaurea cyanus u. a.) bezeugen - wie ubrigens auch schon in 
alterer vorgeschichtlicher Zeit - die Entstehung und Ausbreitung der 
Feldfluren und des Weidelands. Die Methode ist vor allem in jenen Land­
schaften gut brauchbar, die verhaltnismassig spat und dann rasch und 
intensiv besiedelt worden sind, wie z. B. viele der deutschen Mittelge­
birgslandschaften zwischen dem 7. und 14. Jahrhundert n. Chr. Man 
kann danach das Subatlantikum in Mitteleuropa leicht in zwei Ab­
schnitte (IX, X) unterteilen. Doch kann es sich hierbei um keine end­
gultige Gliederung handeln. Eine solche wird besser etwa nach den Re­
kurrenzflachen I-III vorgenommen werden, wie dies z. B. K N. JESSEN 

D. G. U. II. rk., nr. 80. 2 
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in Irland getan hat, oder auch allein nach der Ternperaturkurve. v. PosT 
hat gerade in seinen letzten Arbeiten betont, dass die Klirnaverschlech­
terung wohl in Etappen vor sich gegangen sei. Man konnte z. B. die 
Zeit seit Beginn der grossen Gletschervorstosse irn 16. Jahrhundert bis 
zur Mitte des vergangenen Jahrhunderts herausheben. 

Die S p ate Warrnezeit , das Subboreal, ist die klassische Periode 
for die Verknupfung der Waldgeschichte mit der Archaologie. Zurnindest 
grosse Teile des Neolithikums und die ganze Bronzezeit fallen in diesen 
Abschnitt, der nach oben durch die in der Regel deutlichste Rekurrenz­
flache: RY III, den >>Grenzhorizont<< C. A. WEBER's an der Wende der 
Bronze- zur Eisenzeit urn 800- 500 v. Chr. begrenzt wird. (Im nordost­
lichen Flachland hat sich stattdessen nach GROSS und NIETSCH auch der 
Abfall der Corylus-Kurve unter 10 % bewahrt .) Das Subboreal ist die 
wichtigste Leitzone innerhalb des Postglazials. Schwierigkeiten for seine 
Umgrenzung in den Diagrammen bestehen darin, dass sein (sicher nicht 
einheitlicher) klimatischer Charakter noch nicht genugend geklart ist, 
dass weder die relative Chronologie der typologisch bewerteten archaolo­
gischen Funde noch ihr absolutes Alter genugend feststehen, dass der 
Grenzhorizont mit anderen R ekurrenzflachen verwechselt werden kann 
und - als scharfe Kontaktflache - uberhaupt nicht streng gleich altrig 
sein diirfte. Eine kritische Revision aller vorgeschichtlichen Funde, die 
mit Pollendiagramrnen verknupft sind, von berufener prahistorischer 
Seite ware erwunscht. 

Als unter e Grenze des Subboreals hat IVERSEN (1941) in den d anisch en 
Pollendiagrammen den Abfall von Ulmus (und den Ansticg von Fraxinus) 
gewahlt. Ob sich diese Marke tiber weite Gebiete als synchroner I--Iorizont 
verwenden lasst , ist insofern noch unklar, als m an mit 3 Ulmus-Art en mit 
verschiedenen i.ikologischen Ansprtichen rechnen muss und an dem Rtickgang 
der Gattung a uch die menschliche Besied lung weni gst ens stellenweise mit­
beteiligt sein dtirfte (Verftitterung des Laubes, vgl. FAEGRI 1944 u. a.; TROELS­
SMITH, Vortrag in Kopenhagen 1953). Auch bei den sekundaren Corylus­
Gipfeln des Subboreals is t noch z u kla ren, wie weit sie auf klimatische bzw. 
wirtschaftliche Einwirkungcn zuriickgehen. Welche in den Pollendiagrammen 
verzeichnet en vegetationsgcschichtlich en Vorgange man zur Grenzziehung 
Atlantikum/Subboreal wahlen soll, bedarf also noch eingeh ender Unter­
suchungen. Der Beginn meiner Zone VIII (FrnBAS 1949 /52) liegt , wie IVERSEN 
rnit Recht hervorhebt, spater als der seinerzeit auf etwa 3000 v. Chr. angesetzte 
Beginn der Zone VIII von J ESSEN. Hingegen kann man die Zonen IX und X 
der nordwestd eutschen Gliederung von OVERBECK & SCHNEIDER, wie di es 
neuerdings SCHMITZ (1953) und OVERBECK & GRIEZ (1954, S. 68) tun, rnit dem 
Subboreal der danischen Di agrarnm e zur Deckung bringcn . (Der fiir mich 
rnassgeb ende Gesichtspunkt, fiir den Beginn von VIII einen etwas jLingeren 
Zeitpunkt - etwa 2500 v. Chr. - zu wahlen, war der Wunsch, die Grenze 
rnit Hilfe archaologischer Funde bekannten Alter s mi.iglichst oft tiberpriifen 
zu ki.innen.) Gleichgultig, welche Grenzziehung sich schliesslich als die beste 
herausstellen sollte, die Ausdriicke »S ubboreal << und >>Spate vVarmezeit << sollten 
immer als Synonyma verwendet werden. 
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Fur den Beginn des Atlantikums , der Mittleren Warmezeit , 
kann in grossen Teilen Mittel- , Nord- und Westeuropas der Beginn der 
l\fassenausbreitung von Alnus als Grenze angesetzt werden. Aber auch 
die rationelle Grenze von Picea oder die Uberkreuzungen der Kurven 
von Corylus , P inils und des Eichenmischwalds werden hcrangczogcn. 
Und bedeutsame Vorgange, vor allem die Massenausbreitung von Corylils 
und das Verhaltnis von Pinus zu Betula stehen auch zur Begrenzung des 
Boreals, der Fruhen Warmezei t , zur Verfogung. Wie weit diese Vor­
gange synchron sind, bleibt aber festzustellen. Gerade, wenn man an z. B. 
bei Alnus wahrscheinliche Zusammenhange mit der flandrischen und der 
Litorina-Transgression - direkt oder au£ dem Wege uber das Klima -
denkt , wird man eine zeitliche Verschiebung erwarten. Zudem mussen 
die Wanderungen der Holzarten auch eine gewisse Zeit benotigt haben. 
Mit Hilfe der vulkanischen Laacher Tuffschicht kann man z. B. zeigen, 
dass die Uberkreuzung der Kurven von Pinus und Betula wahrend der 
Allerodzeit im Suden und Osten friiher erfolgt ist als im Nordwesten. 

Vor allem die Beschaftigung mit dem Boreal und Atlantikum verstarkt 
den ,vunsch nach weiteren Methoden der Synchronisierung, wenn m.oglich 
nach einer von den bisherigen Methoclen unabhangigen absoluten Da­
tierung. In clieser Beziehung hat man in Nordeuropa bekanntlich seit 
langem. grosse Erfolge errungen. Im fennoskanclischen Hebungsgebiet ist 
dank der postglazialen Hebung uncl ihrer Verknupfung mit der Bander­
tonchrono logi e DE GEER's uncl SAURAMo's ein geschlossenes System 
der gesamten spat- uncl postglazialen Lanclschaftsentwicklung entstanden, 
clas au£ wohl begrundeten Synchronisierungen uber weite Strecken auf­
gebaut ist. Die britischen Inseln verfogen z. T. uber ahnliche Beclin­
gungen. In den Landern mit vorherrschender postglazialer Kustcnsenkung 
bestehen diese gunstigen Vorraussetzungen leider nicht. Man hat zwar 
auch hier j ahresgesch i ch tete Sedimen te gefunclen, so TAPFER 1940 
bei Kiel , WELTEN 1944 im Faulenseemoos in der Schweiz. Besonders 
WELTEN's Arbeit hat gezeigt , dass die Auswertung solcher Ablagerungen 
erfolgreich sein kann. Sie macht aber, wenn man Irrtiimer vermeiden will , 
umfangreiche Paralleluntersuchungen notig, die zur Zeit noch fehlen. 

Auch die Dendrochronologie kann vorerst nur zur Losung von Teil­
fragen bzw. nur innerhalb des letzten Jahrtausends herangezogen wer­
den. Zumindest scheint es nach den bisherigen Erfahrungen zweifelhaft, 
classes bald gelingen konnte, sie uber das ganze Postglazial auszudehnen. 
Teilfragen, die sich au£ kurze Zeitraume beziehen, lassen sich mit Hilfe 
der Jahrringchronologie unter Umstanden sehr sicher klaren - wie z.B. 
die Untersuchungen von HUBER & HoLDHElDE (1942) an der bronzezeit­
lichen W asserburg Buchan im Federsee gezeigt haben. 

So knupfen sich heute sehr grosse Erwartungen an die Racliocar­
bon-Methocle. Wir erhoffen von ih'r , class sich mit ihrer Hilfe wenig-
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stens das Alter bestimmter Leitniveaus der Pollendiagramme sicher be­
stimmen lassen wird, zwischen denen dann mit den bisherigen Mitteln 
interpoliert werden konnte. Vorerst ist freilich der mittlere Fehler der 
physikalischen Bestimmung noch so gross (einige Jahrhunderte) , die Ein­
sicht in die Bedeutung der verschiedenen moglichen Fehlerquellen noch 
so gering, dass viele der for die Synchronisierung der postglazialen Dia­
gramme notwendigen Altersbestimmungen nur au£ Grund sehr zahl­
reicher Einzelbestimmungen mit der notwendigen Genauigkeit gewonnen 
werden konnten. 

So lange die Moglichkeiten der Radiocarbon-Methode nicht ausge­
schopft sind, wird man besser davon absehen , eine for die ganze Ertle 
gultige Gliederung des Spat- und Postglazials aufzustellen , deren reiz­
volle klimageschichtliche Problematik v. PosT 1944 umrissen hat. Man 
wird eine solche Gliederung wohl am besten au£ die grossen, in moglichst 
weiten Gebieten nachweisbaren .Klimaschwankungen grunden und dann 
als Grenzen der einzelnen Abschnitte bestimmte Ereignisse bzw. Jahre 
wahlen, so wie dies etwa DE GEER for die Phasen des Eisruckzugs getan 
hat. Es ist nicht unwahrscheinlich, dass sich hierfur die P erioden des 
Blytt-Sernander'schen Systems bzw. ihre Korrelate im Temperaturverlau£ 
als am besten geeignet erweisen werden. 
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Abstract. 

Reflection upon vario us apects of our knowledge of recurrence-surfaces in 
peat-bogs suggests a number of matter s which call for further inves tiga tion . 
Among them is the na ture of the plant communities which formed the old 
Sphagnum-Calluna-Eriophorum peat, ev idence for tota l cessation of bog­
growth in the Sub-borcal period, and th e extent to which bog-growth can be 
affected by increased curvature on the one hand, directl y by climatic change upon 
the other. W e n eed to recognise the ecological successions r epresented in the 
precursor p ea t ( Vorlaufslorf), to recognise how changes in the bog surface may 
have Jed prehistoric p eople to construct t r ackways over the flooded bogs, and to 
modify or abandon their methods of land utilization in the face of increasing 
wetness. And we mu st finall y attempt the correlation of recurrence surfaces 
over the whole area of their occurence, using the widest available fi eld of 
scientific evidence. 

Throughout the past few years I have found myself often concerned 
with the problems of recurrence-surfaces in British peat bogs, and although 
I cannot pretend now to offer any fresh or conclusive evidence about 
them, there appears to be some case for setting down a body of ideas 
about their character, together with some comments and queries upon the 
many explanations of them which have been put forward. What I write 
is not however to be taken as a comprehensive review, but merely as a 
series of personal reflections upon that subj ect. 

If recurrence-surfaces (boundary -horizons, Grenzhorizonte) are to be 
properly understood their consideration must be from the widest possible 
angle, and it will be necessary to consider their nature, origin, relation to 
climate and to vegetational processes, as well as their dat ing. 

We need not elaborate WEBER's demonstration of the character of the 
Grenzhorizont , but may recall the form of his explanatory hypothesis, 
that in the dry Sub-boreal period the bog-surfaces dried out and the older 

* The sub st an ce of an introdu ction to th e d iscuss ion of this subject given at the Third 
International Conferen ce on Quatern ary Vegetational History, Copenhagen; 1953. 



23 

peat underwent a secondary humification, whilst little or no peat was 
added in the dry Sub-boreal climatic conditions; and t hat rapid peat 
growth recommenced in the Sub-atlantic period, which opened at the 
transition from Late Bronze Age to Early Iron Age about 500 or 600 B. C., 
in north-western Europe. 

The humification of the old Sphagnum-Calluna peat is now generally 
taken to be primary and not secondary, the product of raised-bogs 
growing very slowly and with surfaces (at least seasonally) very dry. 
It is to be noted that we are still ignorant of the plant communities which 
formed the old Sphagnum-Calliina peat , for macroscopic remains in it 
are extremely decayed, and no systematic work has been directed to 
characterising them by detailed analysis of the local component of pollen 
and spores. It is apparent that Calluna, and often Eriophorum vaginatum 
played an important role in such communities. 

Although WEBER's view was that peat-growth ceased entirely in the 
Sub-boreal period, (thus leaving a time gap in the stratigraphic sequence) 
there is only slight evidence in t his sense from the raised bogs of the 
British Isles, and indeed in those instances where we can be certain of its 
Sub-boreal age the peat shews very little distinction from that formed in 
the preceding Atlantic period. Nevertheless, in late Sub-boreal time there 
is evidence in many places of drying-out of bog surfaces: this takes the 
form of tree layers of birch and pine, layers of Calluna and of Eriophorum 
vaginatum , and locally there may be short time-gaps and reworking of 
peat-surfaces. It is highly probable that the "Upper Forestian" shewn by 
GEIKIE and LEWIS to be so extensively present in Scottish peat bogs can 
be referred to this period. 

\Ve owe to GRANLUND the demonstration that the sudden supercession 
of humified old peat by fresh , unhumified younger peat was not the 
product of one period only, but that at least five such horizons might be 
recognised in the bogs of southern Sweden. To these GRANLUND attributed 
the dates 2,.300 B.C. , 1,200 B.C., 500 B.C., 400 A.D., and 1,200 A.D. 
Later NILSSON increased the number of consistent recurrence-surfaces 
to nine. 

GRANLUND put forward the hypothesis that under constant climatic 
conditions there is a limiting height, operating through steepness of 
marginal curvature, to which raised-bogs can grow, and that this height is 
greater in atlantic than in drier climates. It is suggested that the bog 
tends to grow to a limiting steepness of curvature and then passes into 
what Osv ALD has described as a 'Stillstand' condition: active growth is 
only restored when the climate becomes more atlantic. Although GRAN­
LUND is not precise upon the point, it seems to me to be inherent in this 
hypothesis that a bog which records a sequence of superposed recurrence­
surfaces must have been formed by a climate which progressed, with 
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some halts or recessions, towards always greater oceanicity. One would 
be much more 'inclined to accept a hypothesis giving the chief weight to 
a fluctuating wetness of climate, no doubt with fluctuations of varying 
period and amplitude, such as Dr. Conway envisaged in her enlightening 
comment upon von Post's ideas of climatic rythms. (CONWAY, 1948). 

Furthermore, in a large raised-bog, say 2 kilometres or more in diameter, 
an increased height of 50 or 100 cm. in the centre (such a distance as 
separates one recurrence surface from another), must represent so very 
slight a change in surface slope at the bog centre that it could not possibly 
be held responsible for the entire difference between continued growth 
and total cessation. One has but to stand in the middle of the bog plain 
of a great undrained Irish bog to realize the force of this contention. Now 
by contrast with the ineffectiveness of this slightly increased height, 
how powerful must be the effects upon the central bog surface of those 
fluctuations of rainfall and evaporation which we know to occur year 
by year, decade by decade, and which we may by inference suppose also 
to have operated over longer cycles. These must have inevitable effects 
upon the wetness of the bog-surface, and in face of them I find it unneces­
sary and indeed misleading, to invoke bog-height as a causative factor in 
the formation of recurrence-surfaces. 

The fact that a view so strongly opposed to GRANLUND's can be 
proposed, suggests the need for careful analysis of the water-regime of 
some carefully chosen intact raised-bog, where there can be measured 
precipitation, evaporation, surface drainage and sub-surface drainage at 
all seasons of the year, and in years contrasting in their overall wetness. 
In particular, attention will need specially to be given to the measure­
ment of the volume of water-loss by seepage down through the bog to 
springs at its base. Failing such detailed knowledge, we can rely only upon 
circumstantial evidence, and the sum of this seems to me to suggest that 
in comparison with the direct effects of precipitation and evaporation all 
drainage losses from the bog are of minor importance in the establishment 
of phases of surface dryness; an effect associated with the high imper­
meability of the old Sphagnum-Calluna peat. My view of the matter can 
be illustrated simply by saying that I suggest that if an area in the 
centre of a living raised bog were enclosed in a glass cylinder extending 
to the full depth of the deposit, it would, in the course of centuries come 
to record the same recurrence surfaces within, as in the surrounding bog, 
although sheltered from all drainage effects save surface ones. 

This view need not be more fully supported now, but it will be noted 
that it rests upon a combination of stratigraphic and surface ecological 
studies of the raised-bog complex at Tregaron in central Wales, made by 
V. M. Conway, G. F. Mitchell, myself, et. al. (GODWIN & MITCHELL, 1938; 
GODWIN & CONWAY, 1939). In particular what is there called the 'retarda-
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tion layer' within the upper young Sphagnum peat, is centrally developed 
in each of three raised-bogs of the system and becomes insignificant 
marginally: this is not what one would expect if steepened margins are 
the effective cause of cessation of bog-growth. It is moreover equally 
pronounced in all these bogs though they differ greatly in size, whereas 
it would be supposed on the GRANLUND type of hypothesis that the 
smallest would shew the effect most strongly, and the large one least. 

If we accept the notion that the bog-surfaces are directly under climatic 
control, and that climate is subject to variation of extremely varying 
degree, we may expect the layers of peat bogs also to exhibit horizons of 
change of widely varying intensity. A gradual and slight increase of 
wetness we might well expect to cause no more than an increased extent 
of pools as against hummocks on the bog-surface, a larger proportion 
of surface occupied by Sphagnum cuspidatum as against active hummock­
building Sphagna , and perhaps a diminished frequency of Calluna. Such 
might be regarded as a reversible vegetational shift. 

When however, we examine the nature of the vegetational change 
across a typical recurrence-surface and attempt a reconstruction of past 
events, we are most often struck by the suddenness of change at the 
boundary. Here is no gradual reversion from dryness to wetness, no 
slow reversal of vegetational changes, but rather a process of gradual 
recovery from an event of more catastrophic kind. It would seem that the 
dry bog surface had been in a Still-stand phase of Calluna dominance, 
with low summer water-levels, little active Sphagnum growth and a good 
deal of bare peat: with increased wetness it was no longer possible to retrace 
those steps by which the Callunetum became established, but instead the 
bog surfaces became flooded, large permanent pools appeared full of 
aquatic Sphagna, and above the flooded surfaces stood up the decaying 
old hummocks, now bearing abundant and vigorous Andromeda polifolia. 
Later, many of these hummocks became the centres of active growth, 
forming large islands of hummock-building Sphagna before they could 
establish themselves in the widespread pools. · Finally there followed 
invasion of the pools by Scheuchzeria paluslris and Carex limosa, and then 
the establishment of fully active Regeneration Complex. 

Such a sequence as this can be repeatedly recognised at the recurrence­
surfaces of British raised-bogs. The peat between the old peat surface 
and the new Regeneration Complex peat can well be called " Precursor 
peat" ( Vorlaufstorj). Since it covers the depressions before it extends 
over the old hillocks, its base is not everywhere of the same age, but the 
range of this age difference may very easily be exaggerated. It should be 
noted also that the precursor peat is water-filled and loose, its vegetation 
floating level with the big residual hummocks, but when at some later 
time it dries out (by bog drainage, consolidation or climatic shift) it will 
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sink down between the old hummocks to give a very curved outline along 
the peat section, an outline which misrepresents its position during 
formation. 

An extreme instance of flooding of the dry surfaces of ombrogenous 
bogs is afforded by the raised-bog system in the Somerset Levels of 
western England. Here the bogs stand on a plain of estuarine clay between 
great hills of limestone, and hills of alternating clay and limestone, and 
at the time of the Sub-boreal to Sub-atlantic climatic deterioration the 
whole valley system became flooded with calcareous water. Thus, in this 
area the main recurrence-surface came to be represented by the formation 
of Cladium-Hypnum peat, often with much Myrica and Molinia, directly 
upon the surface of the old Sphagniim-Calluna peat. 

Dutch workers have suggested that a recurrence-surface may be 
produced by a marine transgression, which operates by causing 'backing­
up' of fresh water beyond the limits of penetration of salt tidal water. 
Whether such an effect can be produced depends of course upon the extent 
to which (short of flooding the bog surfaces) a rise of ground-water 
level in the valley can affect the wetness of the bog-surfaces: we have seen 
reason to doubt whether this effect will be large. 

The evidence from bogs of the Somerset levels calls attention to two 
directions in which formation of recurrence-surfaces can be closely 
correlated with the activities of prehistoric peoples. The first of these 
lies in the strong suggestion that the climatic worsening was directly 
responsible for the widespread construction of wooden trackways which 
spanned the wide bog-filled valleys between the flanking hills. The 
evidence is strong that the trackways are all of the same age (Late Bronze 
Age, as is shewn by the axe marks on the cut timber) , and that they all 
lie on the surface of the old Sphagnum-Calluna peat at the contact 
surface with the Cladium-Hypniirn peat. We suppose that the bogs had 
hitherto been traversible on foot, and that the trackways were improvised 
to save vastly circuitous routes where previously there had been direct 
crossings of the valley. So quickly however did the flooding become 
effective and deep, that the trackways were embedded and preserved 
long before they could rot or be worn away by use. Such a situation as 
this inclines one to expect that in suitable circumstances, wooden track­
ways might also be constructed over other valley bog systems, and that 
indeed such trackways would tend to be associated directly with recur­
rence surfaces and consequently to be most frequent at the dates when 
such were forming. There is some evidence in this sense in England, 
where wooden causeways of the Fenlands are very frequently of Late 
Bronze Age date, but systematic analysis of the provenance of trackways 
is yet to be made. 

The second direction in which the formation of recurrence surfaces 
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appears to be bound up with the activities of prehistoric peoples is also 
indicated by data from the Somerset bogs. Here close analyses of the 
non-tree pollen shew a close relation between the frequency of "weeds of 
cultivation" and the bog stratigraphy. Before each of the two clear 
flooding horizons there is a maximum of these agricultural indicators, 
but each flooding episode is accompanied by a swift decrease in them. 
It is evident that the increased wetness suppressed agricultural activity 
in the region, but it is not apparent whether this was because the valley 
farmlands became submerged or because the wetness of climate made 
cultivation of clay soils impossible everywhere, even on the uplands. It 
will be interesting to see how far comparable effects will be recognised 
elsewhere in those parts of western Europe where suitably sensitive bogs 
exist. 

In the Somerset Levels a further correlation exists with human activity 
since the famous 'lake-villages' at Glastonbury and lVIeare with their very 
extensive agricultural activities, flourished on the margins of open lakes , 
and can only have existed whilst lake-levels were stable and low. They are 
provisionally dated from about 60 B.C. to c. 50 A.D., at which latter 
time the occupation ended suddenly and for a reason yet unknown. It 
is significant that the date of 50 A.D. is the approximate date of the upper 
of the two clear flooding horizons in the raised-bogs , a determination 
based upon the recent discovery in situ of a bronze fibula, and it seems 
possible that the rising water-levels which flooded the raised bogs also 
brought to a close the lake-village occupation. vVe may note that a re­
currence-surface of the same approximate date has already been described 
by NILSSON. 

The various historical events associated with the climatic shifts 
responsible for the alteration of bog-stratigraphy have been set out in 
the correlation table of fig. 1. 

Since recurrence-surfaces on the one hand and tree pollen analysis on 
the other are both primarily controlled by climatic change, one might 
suppose that pollen-analysis would be the natural and obvious way of 
correlating recurrence surfaces across a country or across a region.Although 
indeed some success has been achieved by this means, substantial dif­
ficulties do in fact present themselves . Firstly, the recurrence surfaces 
fall to a large extent within the period of disforestation by man, and it is 
often hard to distinguish climatic from anthropogenic effects upon forest 
composition. Secondly, with alteration of latitude and longitude the 
expression both of forest composition and of the incidence and nature of 
recurrence-surfaces will alter: both indeed are inherently subject to the 
probability that homologous stages at separated sites may not necessarily 
be of the same age. No less of course is true of the archaeological scales 
which may alternatively be brought in to supplement our dating of the 
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recurrence surfaces . Radiocarbon dating alone seems to escape these 
difficulties and we may hope that by its use definite conclusions may soon 
be reached. 

Dr. CONWAY (1948) has done the subj ect good service by analysing the 
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Fig. 1. Correlation of events between the Late Bronze Age and the close of the Romano­
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premises from which we make our mental approach to the whole question 
of the incidence of recurrence surfaces. She recognises the likelihood that 
threshold values of climate may exist above which new phases of bog 
development are initiated, but below which little apparent change ac­
companies the gradual alteration of the climatic factor. She further 
shews how, in a climate altering according to a series of fluctuations of 
differing amplitude and period, phases of coincidence in these fluctuations 
may lead to threshold values being exceeded. In a causative mechanism 
of this kind we see the possible cause both of the regularity with which 
past climatic cycles recur in different regions, and also of the apparently 
haphazard manner in which sometimes they give rise to recurrence 
surfaces, at other times not. We are for the first time encouraged to 
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consider how given climatic fluctuations are differently represented in 
different parts of a region according to local conditions of altitude, topo­
graphy and situation. 

The present difficulty of recognising a given recurrence-surface over 
a large territory could hardly be better illustrated t han by t he situation 
in I reland. Whereas the most pronounced of t he recurrence-surfaces in the 
north-west coastal regions of t he continent is apparently Granlund's 
RYIII , which is known to fall at the opening of the Iron Age, in Ireland 
JESSEN (1949) has shewn that it is apparently t he rule for Late Bronze 
Age artifacts to occur in relatively unhumified peat above t he main 
recurrence-horizon. This clearly implies either that t he Bronze Age 
cultures were delayed in reaching Ireland, or that t he recurrence-surface 
there is earlier than that which seems to be its equivalent further east. 

In the light of Dr. CoNWAY's an alysis it might be reasonable to suppose 
that the climatic deterioration began about 1000 B.C. everywhere, 
quickly reached the threshold value for R egeneration Complex bog growth 
in Ireland and in certain northern and high altitude bogs in England, so 
initiating a recurrence-surface corresponding approximately to RY IV. 
In south-western England it seems that there was more delay in reaching 
that criti cal stage, so that between 1000 B .C. and 500 B.C. t he Somerset 
raised-bog surfaces mostly remained dry, in places growing slowly if at 
all , so that late Middle Bronze Age artifacts lay on the dry surfaces and 
corroded there; somewhat before 500 B.C. flooding affected t he bog 
surfaces, Late Bronze Age trackways were laid down, and were finally 
covered byOladium-Hypnum peat at the time of RY III. Only locallywas 
the onset of the 'deterioration' marked by changes of stratigraphy at 
RYIV. 

We may wonder whether t he most prominent recurrence-surface of 
bogs on the Cont inental mainland is necessarily always to be equated 
with RY III, and the argument we have developed in fact might fit with 
recent indications by Vil ATERBOLK t hat renewed peat growth did not 
take place in some Dutch bogs until as late as RY II. 

Since it is not my intention to attempt comprehensiveness in this note, 
I shall not comment upon the new and useful , but to me unfamiliar , 
techniques of colorimetric estimation of humification and of Rhizopod 
analysis. It must content one, in conclusion, to voice two principles 
which would be readily agreed to by the distinguished quaternary 
geologist and botanist, K NUD JESSEN, whom we honour in t his book ; 
namely that bog-stratigraphy ought to be approached from a knowledge 
of the ecology and hydrography of existing bogs, and that the investigator 
should be broad enough in his interests to take account of evidence from all 
relevant fields of science, whilst retaining his own cautious severity of 
judgement. 



30 

References. 

Coxw AY, V. M., 1948. vo n Post's wo rk on clim alic ry lhms. New Phyla/. 47, 220. 
G0Dw1N, H ., 19,16. The Relationship of Bog Stratigraphy to Clim a te-Ch ange a nd Archae­

ology. Proc. Prehisl. Soc . 12, 1. 

GoDWIN, H ., 1948. Studies of the Post-glacial Hi story of Brili sh Vegetation. X Correla­
tion belween clim ate, forest composition, prehistoric agricu lture and peat stratigraphy 
in Sub-boreal a nd Sub-allanti c peats in Lh e Somerset Levels . Phil. Tr. R.S. 233, 275. 

GoDwri-,;, H. &. CoxwA v, \'. :\l ., 1939. The Ecology of a r a ised bog near Tregaro n, Carcligan­
shire. J. Ecol. 27, 313. 

GoowlN, H. & Mnc!IELL, G. F ., 1938. Stratigraphy and developm ent of two raised bogs 
near Tregaron , Cardiganshire. J\'ew Phyla/ . 37, 425. 

GnA:-SLUND, E., 1932. De svenska hogmossarnas geologi. Sverig. Ceo/. Undersokn . Ser . C. 
N :o 373. Stockholm . 

JESSE:--, K ., 1949. Studi es in Lhe Late Quaternary deposits a nd flo ra-history of Irela nd. 
Proc. R. Irish Acad. B, 52, 6. 

Dansk resume. 

En nekke forh old vedrorend e hojmoscrnes r ekurrens-flader er stadig ikke 
tilstnekkclig klarl agt og tncnger til fornyet und ersogclsc. Eksempelvis grelclcr 
dette arten a f de plantesamfund, cl cr h ar opbyggct den acldre Sphagnum­
Calluna-Eriophorum-torv , sporgsmalet om en cventuel fulclstrenclig stands­
ning af m osens v rekst i den subboreal e p eriodc, savclsom sporgsmalet om til 
hvilken grad moscns tilvrekst er pavirket af h cnholdsvis mosens hvac lvnin g 
pa den enc, og af direklc klimapavirkninger p a den anden side. Vi ma videre 
udrede den okologi sk e sukcession af den sakalcltc >>forl0bert0rv« (Vorlaufstorf) , 
fa klarhed over hvorlccles :cenclringer i mosernes overflacle har fort til konstruk­
tion af forhistori skc vejanheg over forsumpede maser, og hvorledcs den til­
tagende fugtigh ecl har medfort en renclring i eller opgivelse af jordens udnyt­
t else. Endcl ig ma vi forsoge at korrelerc rekurrcnsfladerne over h ele det geo­
grafiske omra clc, hvori de forekommer, under anvendelse a[ alle de videnskabe­
lige mctocl er, dcr s t a r til vor radighed. 
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Abstract. 
In the introduction an account is given of the more recent literature on the 

Terti a ry li gnites of Jutland as to their sedimentation, specimens of macroscopic 
and microscopic fossils, and the position o[ the lignites in the geological system. 
In the following chapter a number of microfossils are described in considerabl e 
detail and referred to fam ily or genus (sometimes species) in the natural system 
of plants. The list (sec page 41) comprises 1 alga, 1 moss genus, and 14 
phancrogam genera. 
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Introduction. 

The year 1909 saw the publication of N . HARTz's treatise: " Bi drag til 
Danmarks tertioore og diluviale Flora" , a work which widened our 
knowledge of the Tertiary lignites in Jutland. On the basis of his stu­
dies, HARTZ was the first to demonstrate that J utlandic lignite beds 
are freshwater sediments. As in the case of German lignite, they were 
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formed in lakes, in which the first sediments were freshwater gyttjas 
which, as the lakes filled up, became covered with peat. According to 
whether the swampy or boggy area was more or less wooded t he peat 
deposit contained varying quantities of wood. Thus the plant remains 
accumulated at or so near to the place where they had grown that the 
resulting lignite should be described as autochthonous. 

This theory was entirely contrary to what had been the general opinion 
in Denmark from JoHNSTRUP's time up to the beginning of the 20th 
century, which was that t he lignite beds had been formed of driftwood, 
brought here by rivers from some distance, such as the interior of 
Europe, and left upon swampy shores near the mouths of the rivers 
(allochthonous and contemporary marine sediments). HARTZ did not 
accept this hypothesis but considered Jutlandic lignites to be sediments 
corresponding to ordinary postglacial and interglacial bogs. 

Prior to 1909 , only wood remains from the Jutlandic lignite beds had 
been identified. H ARTZ, however, now presented a list of remains of at 
least 20 species of vascular plants. His list comprised one vascular 
cryptogam , a Pteris species, represented by numerous frond sections, and 
at least 19 phanerogams, identified from one or more of t he following 
organs found: branches, partly with bark, leaves, fruits or seeds, and 
pollen. However , several of the species were not placed to definite groups 
in the n atural syst em of plants and designated, as is the custom in 
palaeontology, by special names applying to the particular organ which 
led to the setting up of the species. Ten or eleven of t he nineteen phanero­
gams were identified as to genus, and of these three or four to particular­
presumably extinct- Tertiary species. Of the remainder, four were 
determined as to family or groups of closely related families, while four 
other species, represented solely by fruits, could not at that time be 
referred to definite taxonomic groups. 

H ARTZ himself had identified t he macroscopic plant remains, which 
at t hat time were practically the only plant fossils engaging t he attention 
of a phytopalaeontologist. He was more concerned with the study of the 
fossil fruits and seeds than with leaves and leaf impressions, recognizing 
that plant identifications by means of fruit and seed gave much more 
exact results than those based solely upon leaf forms (that is to say, if one 
was sufficiently equipped with both recent and fossil comparative material). 
He was also aware of the difficulty of identifying many plant fossils 
from Tertiary sediments, which often required a thorough knowledge 
of both tropical and subtropical plants of both western and eastern hemi­
spheres. 

Microfossil studies, especially pollen and spore analysis, were known 
to HARTZ, though personally he made no use of the method ; at that time 
it was still in its infancy and about twenty years were to pass before it 
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was adopted in earnest in lignite studies, especially in Germany, the land 
of the large lignite occurrences. H e deeply deplored the fact that an in­
sufficient number of pollen analyses had been made, which meant 
that the conspicuous advantages of the method were not adequately 
utili zed . 

H owever , HARTZ was able t o induce Professor N . G. LAGERHEIM of 
Stockholm to examine some Jut landic lignite-gyttj a samples for pollen , 
spores and any other microfossils, an examination that proved to be 
extremely profitable. Of t he 20 vascular plant species entered by HARTZ 
in his list of species from Jut landic lignite, at any rate 10 were represented 
by pollen. At the same t ime, two of t hem (P in us and B etula) were also 
present as macrofossils, whereas the other eight were found solely as 
pollen. Nine species were list ed as being represented by seed , fruit or 
fruit -cluster , and one of t hem (Sequoia) is also listed under branch and 
leaf finds, and another under pollen (Pinus). Now the present author has 
found further two of these genera (Alnus and N yssa) as pollen. Of the 
remaining 5 species list ed under fruit finds, four (Carpoli thes Dalgasii, 
Carp. J ohnstru pii, Carp. A and Carp .B) must be placed t o definite groups 
wi t hin the system before t hey can be compared wi t h t he pollen t ypes 
found. Only a total of 4 species are listed as leaves and branches, of which 
2 (B etula and S equoia ) have already been mentioned above under pollen 
or fruits. The fact that not all t he 15- 16 species det ermined as to genera 
have so far been found as pollen or spores is probably due more to lack 
of famili arity with the pollen of these t ypes than to t heir possibly sporadic 
occurrence or complet e absence . In a letter to H AR'rz , P rofessor LAGER­
HEIM himself remarks that in addition t o the ident ified pollen t ypes there 
"are many curious pollen grains which I have never seen in Quaternary 
gyttjas". 

Whereas H ARTZ 's macrofossil examination provided evidence almost 
exclusively of the presence of woody plants in or around Denmark's 
Tertiary freshwater swamps, LAGERHEIM's microfossil analyses also 
provide examples of contemporary herbs and cryptogams which have 
cells capable of being preserved in the peat or gyttja and resisting the 
action of maceration agents, such as hyphae and spores of pyrenomycetes 
and remnants of algae, including di atoms, besides pollen . 

The above brief st atistical comparison of the m acro- and microfossil 
types found , indi cates very clearly t he advantage of microfossil analysis 
over macrofossil examination. ,vhen interpreting one's results, however, 
i t should be borne in mind t hat t here are limits to what microfossil analysis 
can do. 

The plant remains listed in H ARTZ 's book from the lignites can tell us 
nothing definitive of the age of these sediments , as the species shown must 
be assumed to be a somewhat onesided selection from the accumulation 

D. G. U. 11. rk., nr. 80. 
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of plant fossils in the lignite: LAGERHEIM's species list from his micro­
analyses comprises nothing but North and Central European plant types 
whose pollen were familiar to him (see above). 

Since HARTz's work, very little of botanical-geological interest 
has been published about the Danish lignites . In a short article in the 
German periodical " Braunkohle", 1938, FRANZ KrncHHEIMER reports on 
his results-based upon a large German comparative material-arrived 
at from studies of the macroscopic finds which HARTZ collected and 
published in his 1909 book. He also re-exami nes the material from the 
amber-twig beds in the vicinity of Copenhagen , a material which HARTZ 
also had described as Tertiary. In several cases he corrects HARTz's 
identifications and concludes, from comparisons with the occurrence of 
these plant fossils in German lignite beds , that at any rate a large propor­
tion of the fossils found in the amber-twig beds must have originated in 
Upper Oligocene lignite which possibly occurred, or perhaps sti ll occurs, 
in Denmark. But KIRCHHEIMER is unable to say anything definite as to 
the age of the Jutlandic lignites. 

Opinions among Danish geologists on the age of these lignite beds have 
fluctuated in the course of time. In 1907 J.P. J . RAVN believed they were 
Lower Miocene. In 1909 HARTZ, without taking a definite stand on the 
subject , was inclined to think that the lignite was laid down in the Pliocene. 
TH. SoRGENFREI in 1940 considered the Jutlandic lignite to be much later 
than the Lower Miocene and, according to an unpublished communica­
t ion to K. MrLTHERS in 1941 , placed it to the Pliocene, thereby agreeing 
with the results of K . DREYERJ 0RGENSEN's ( 1940) studies of the occurrence 
of silicificates in the Tertiary sand beds accompanying the lignite deposits. 
During and after the Second World War the lignite department of Dan­
marks Geologiske Unders0gelse (D.G.U.) made a number of borings in Cen­
tral Jutland. According to K. MILTHERS (1949) , these borings show that 
lignite occurs at any rate in two horizons, viz . an upper one belonging 
to the later part of the Middle Miocene and a lower one in the Lower 
Miocene. Between the two horizons there are Middle Miocene marine 
sediments, at any rate in the western part of the lignite region. 

For various reasons it is of importance to be able to differentiate between 
the two horizons, also in those places where the intermediate marine 
sediment is absent . If the two lignite horizons can be followed in a series 
of borings we shall have indications of very great significance, inter alia 
informing an opinion as to the tectonic conditions of the region. Or, having 
bored through a lignite series at a certain depth at some particular place, 
a series that can be identified , it can be used as a basis for deciding 
whether there are more lignite deposits to be found at a greater depth, 
due consideration of course being taken to the stratigraphical conditions 
as a whole on the spot. Finally, there may be a correlation between the 
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quality of various lignite deposits and t heir horizon. H owever, we cannot 
ignore the possibility that differences in quality may be due-and more 
probably are due- to facies differences within the same horizon. 

Accordingly, in order to derive some advantage from t he many excel­
lent boring results from the strata in and between the Jut la nd lignite 
regions, strata which are very poor in faunal fossils, it is imperative to be 
able to distinguish t he individual organic horizons. Nowadays for t his 
purpose we have a usually excellent adjuvant in microfossil analysis, 
especially pollen and spore analysis. 

It was only after the lapse of a considerable time t hat this method of 
study was introduced for the examination of pre-Quaternary sediments, 
especially Tertiary series, a new field in which it has scarcely been used 
for more than 25 years. HARTZ was before his time when previous to 1909 
he requested Professor LAGERHEIM to undertake qualitative microfossil 
analyses of Tertiary lignite . Tertiary pollen analysis made no real advance 
until about 1930. Th; first really instructive papers on Tertiary pollen 
types and t heir importance to palaeontological and stratigraphical research 
made t heir appearance almost simultaneously , e.g. by H.-L. H ECK, 
F. KIRCHHEIM:ER, R. POTONIE, K. RUDOLPH, R. P. WODEHOUSE , 
H. WOLFF and others. Many others followed later, including papers by 
a number of pupils of t he above workers. 

Naturally, attention was drawn to t his new research method when 
during t he last world war, in the early forties , lignite quarrying began 
again in Jutland and t he government, at the suggestion of D.G.U. , 
began a systematic search for more deposits t hrough the medium of 
D.G.U.'s lignite department, which was established for t he purpose under 
the leadership of Dr. KELD MILTHERS. The present writer acted as 
geological assistant in t he investigation for various periods between 1941 
and 1949, and he had great hopes of t he pollen analysis that was to be 
applied to the material accumulated. 

I t was anticipated t hat by means of t hese analyses we should be able 
to discover t he individual peculiarities of the various lignite beds or 
series , such as characteristic pollen types, pollen "associations" , or 
perhaps a characteristic succession in the bed or series. This we hoped 
would provide us with the means of arriving at a fairly sharp relative 
age determination of t he deposits, not only in each boring but in various 
borings and deposits. 

That stage was not reached while the search for lignite deposits was 
in progress, however , and pressure of other work has also necessitated 
t he shelving of the subsequent research for long periods at a t ime. 

Wherever lignite deposits were found the borings made it possible to 
take samples for pollen analysis. The number of these samples was 
increased considerably by visits to the lignite quarries, where sample 

3" 
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series were taken from the lignite sections themselves, often from accom­
panying gyttja or micaceous clay beds too. In addition, t he usually rather 
low wall sections made it possible to study the stratification and macro­
scopic structure of the lignite beds and to measure stratum thickness and 
dip. Furthermore, at two localities (Soby near K olkrer station and Bjerre­
garde near Studsgard station) the author took sample series representing 
entire .columns through the lignite series there. 

The microfossils described in the following are from lignite samples 
from two localities in Central Jut land, viz. the neighbourhood of Bjerre­
garde, about 3½ km. SW of Studsgard, and from Soby lignite area S of 
Lake Soby. At the former place t he samples were secured from t he open 
section, from the lowest part of t he lignite bed quarried t here . Those from 
t he Soby area came partly from the only lignite bed- which was woodless­
in Boring II, Ark. no. 95 .472 (depth 9.a- 10.5 m .) and partly from t he 
upper-woodcontaining-bed in Boring VII, Ark. no . 95.477 (depth 
8.4-9 .1 m .), both on Matr. 26e + f of t he parish of Arnborg. 

The lignite amples were prepared in t he same manner as postglacial 
peat or gyttja samples after being pulverized to facilitate the action of 
t he maceration agents in the lignite mass. The Soby samples were boiled 
with KOH and then acetolysed , whereas after treating with KOH the 
Bjerregarde material was first boiled with 30-40 % HF in order to remove 
any sand or clayey substance and then finished off in the same manner 
as the other samples . F or further details of acetolysis and treatment with 
hydrofluoric acid, see FA!:GRI & I VERSEN (1950) p . 62. 

The maceration residue was chiefly made up into glycerine prepara­
tions; t hese are so far the most suitable for studying individual micro­
fossils, which can usually be turned as required if the edges are not sealed 
with wax or in another manner. Before sealing, a small number of pollen 
grains and spores were transferred individually from t hese preparations 
to glycerine-jelly (single pollen preparat ions). 

Tentative examinations of the microfossil content soon made it evident 
that the density and variety of pollen and spore t ypes differed greatly, 
but not uniformly from one sample to another. For example, there might 
be great variation from woodless to wood-containing lignite beds and also 
within each of these beds. In the majority of cases, however, a very large 
number of t ypes were represented. 

It soon became evident , therefore, that the preliminary object would 
have to be a most careful qualitative pollen analysis, and for the 
present to postpone quantitative analysis, i.e. working out the pollen . 
·pectrum of the samples, which also meant pollen diagrams for the beds, 
until the qualitative analysis was nearly terminated. It was also quickly 
found that a large number of the pollen and spore types came from plants 
which nowadays have no closely related species or genera in Europe, 
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but either in North America or East Asia or both. Some, however, seem 
to be quite devoid of closely related forms in the present day. 

As a consequence, the following pages and especially the main chapter 
of t he work will be devoted chiefly to qualitative pollen analysis. A 
description will be given of several microfossils, especially pollen t y pes, 
found in the lignite deposits of Jutland. 

It must be said at once, however, that not much can be concluded from 
t he specimens concerning t he vegetation t ype of t he lignite period in Jut­
land , and less still regarding t he climatic condi t ions. The present material 
is much too inadequate for that, comprising, as it does , only a small 
proportion of the microfossils in the lignite deposits; as a whole, only 
t hose pollen and spore t ypes are included which the author considers can 
be referred to more or less comprehensive taxonomic units . 

In addition to the types described in the following, t he lignites contain 
a very large number of pollen grains whose iden tification requires a 
thorough examination of a comprehensive comparative material of foreign 
pollen types- an examination which has not yet been made. 

In describing the pollen types I have chi efly utilized the terminology 
employed in JoHS. IVERSEN & J. TROELS-SMITH's " Pollen-morfologiske 
definitioner og typer", 1950, though some terms are taken from pollen­
morphological works by R. P. WODEHOUSE, G. ERDTMAN, etc . 

Identification of pollen and spores was made by comparing with recent 
fresh or dried material , which was treated with KOH, acetolysed and 
preserved in glycerine-jelly. 

I have endeavoured to place t he fossils as far into t he botanical system 
as t he available modern comparative material will allow. It is possible 
t hat a more comprehensive comparative material may lead to closer 
identification. According to PoTONIE (1951, pp. 132, 134) , however , it has 
not been possible in a single case definitely to determine t he species of 
pre-Quaternary pollen grains, for which reason he introduced auxiliary 
names to designate "form species", also within known taxonomic groups. 
Such a "form species name" must directly signify that it belongs to fossil 
pollen grains and it may be added to the genus or family name, when the 
latter is known. For example, Nyssa-pollenites accessorius R. Pot. and 
Nyssa-poll . analepticus R. Pot. indicate two form-species within the Nyssa 
genus (e.g. see R . PoTONIE , P. W. THOMSON and F. TmERGART (1950)). 
It is possible t hat in the first instance the finer classifi cation will have 
no great bearing on t he stratigraphy , but there is no saying that in time 
it might not acquire significance. 

The fossils dealt with in the present paper are named after the smallest 
taxonomic unit-family or genus- to which they may safely be assumed 
to belong. Where possible, however , the name under which a particular 
fossil has previously been mentioned or described will also be given. 



38 

In some cases the descriptions of the pollen types are accompanied by 
pictures reproduced from photographs. Most of these photographs were 
taken with an oil immersion lens Apo Leitz 90 X, numerical aperture l. a2, 

and periplanocular 6 X , magnified 500 X , whereafter the picture was 
enlarged 2 X , so that the measurements in mm. on the picture correspond 
to the measurements inµ on the fossil (Plates III- VI) . 

The purpose of the picture is firstly to illustrate the general mor­
phological characteristics of the grain, and secondly to show details of 
exine structure and sculpturing. When considered necessary, these details 
are demonstrated by a series of pictures taken at various focussing levels . 

.._ __ .. )limes exterior 

F ig. 1. Above. Schematic section through a poll en grain showing the position of the 
various focu ssing levels. ( --:- = - ). 

Below. Schematic illustration of the position of the limes exterior for dense and 

open types of sculpturing, seen in profile. (From Jons. IVERSE N & J . TRO ELS­

SMITH (1950)). 
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They show, for example, the exine viewed from the surface at different 
levels and sometimes in optical cross section . 

To facilitate comprehension of the position of the various focussing 
levels (abbrev. foe. ) indicated in text and figure captions I reproduce a 
schematic drawing from IVERSEN & TROELS-Sl\IITH's paper (1950) (Fig. 1, 

p. 38). 

The limes exter ior of a poll en gra in design at es the more or less rotation­
ellipsoid al surface which b ears the sculptural elements (er. Fig. 1, upper Fig. 
a nd lower part of lower Fig.). Jn cases where their outer tips- seen in profile­
form more than 50 per cen t of the outer border lin e, this line is regarded as the 
outer border line of the grain and the corresponding more or less rotation­
ellip soidal surface as the lim es exterior of the grain (see Fig. 1, upper part of 
lower Fig.). All pollen measurements r efer to this surface. 

The posit ion of the foe. of a microscope in relation to tlw ~upcrior or inferior 
limes ext erior of a pollen grain may be indicated by foe. 0 to 5 and foe. -4 to 
- 0 (if requ ired with subdi\'i sions (a, b, c, etc.)), see Fig. 1 above. 

Foe. 1, 3, 5, - 3 and - 1 alone have a definit e, fix ed position on a particular 
grain; all o ther foe. m ay therefore be altered from one examination to the next, 
including the subdiv isions a, b, c, etc. 

The pictures shown in the plates are only a selection from the collection 
of photographs belonging to the particular pollen type. Our picture 
library generally contains a series of photographs in 1000 x and also 
500 x . In special cases some of these photographs may be borrowed. 
The symbol and number of the photo-sheet for t he pollen type concerned 
are shown in the descript ive text under each type and in the explanation 
of the plates, for instance : DGU b 183 (see explanation of Plate III) . 
This symbol and number must be quoted together with the name of 
the pollen type when requesting loans. The original photo number for 
each figure is given in brackets in the explanation of the plates, e .g. 
(18, 30) (see explanation of Plate III). 

Abbreviations and glossary of pollen-morphological terms. 

In describing the fossils I have occasionally made use of pollen-mor­
phological terms and abbreviations which may not be sufficiently known 
or directly comprehensible . I have therefore appended a key to some of 
the more important of them, here and there to their root. Otherwise the 
reader is referred to JoHs. IVERSEN & J . TROELS-Sl\UTH (1950) or, as 
regards the majority of the t erms, to K. F~GRI & JoHS. IVERSEN (1950) . 

Abbreviations: 
ektex. = ektexine 
endex. = endexine 
ex. = exine 
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ex.-index = exine index 
ex.-M = exine-measurement = exine thickness 
foe . = focussing level 

Glossary of pollen-morphological terms. 

annulus: an annular area around a pore, distinct from th e general exine 
of th e pollen gra in, characterized by differences in the ektexin e. 

clavae: club-shaped sculptural elemen ls which in at least one dimension 
are ~ 1 µ and whose greatest diameter is less than the height. 
Clavate : type of pollen sculpturing with clavae. 

colpus (pl. colpi): germ in ating furrow; the area on the grain forming, or 
surroundin g, the normal place of em erge nce of the pollen tube, 
with a length-breadth index high er than 2. 

columella (pl. columellae): ektexine elements (granula) which like columns 
bear a tectum or form muri. 

distal surface: t h e surface of a pollen gra in or spore facing outwards in the 
tetrad. 

exine: the outer , highly resistant layer of the pollen ( or spore) wall. It 
may be simple, in which case it consists of structureless endexine, 
or complex, when it is built of structureless endexine (inner) and 
more or less structured ektexine ( outer) . 

exine index : the relative thickness of th e exine, i.e. the greatest exine thickness 
in relation to the greatest equatorial diam eter. 

foveolate: sculpturin g type with holes or pits whose d iameter ~ 1 µ, but 
simultaneously < the shortest distance to a n eighbouring hole 
or p it. 

granula (sing. granulum): sharply delimited granules, rods or similar structure 
elements embed ded in or on the homogeneous basal substance 
of the exine (the endexine). 

index: figure indicating the ratio of a measurement to the max imum 
equatorial diameter (cf. exin e index, polar a rea index, shape­
class index) . 

intercolpiurn : area delimited by neighbouring col pi margins and the lin es con­
n ecting points of neighbouring eolpi. 

lumina (si ng. lumen): the areas surrounded by muri in a r eticulum. 

muri: 

oblate: 

periporate: 
polar area: 

the walls or threads of a r eticulum. 

shape-class ind ex 0.75- 0. so. 

pollen t ype with several free pores not eq uatorially distributed. 
area surrounding a pole and delimited by Jines connecting neigh­
bouring furrow ends or touching the n earest margins of neigh-
bouring pores or, if annuli are present , their near est annulus 
m argins . 

polar area index : the ratio of th e polar area m eas urement to the greatest 
equatorial diam eter. 

polar area measurement: the longest diago nal or the longest side of a polar area. 
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area on pollen grain forming, or surrounding, the normal place 
of emergen ce of the pollen tube and whose length-breadth 
index is lower than 2. 

proximal surface: the surface of a pollen grain or a spore facing the centre of 
the tetrad. 

psil ate: 

reticulum: 

r ugulatc: 

sculpturing type wilh even, or almost even, surface or with 
pits < 1 µ. 

network formed by regular juxtaposition of elongated sculptur­
in g elements; ret iculate: sculpturing t ype with r eticulum ; 
reticulum-lumina: m esh es of a reticulum surrounded by muri. 
sculpturing type with elongated sculpturing elements in irregular 
or not predominatingly regular arrangement. 

scabr ate : sculpturing type with fin e punctiform sculpturing elements 
< 1 µ in all dimensions. 

shape-class index: ratio of length of p olar axis to greates t equatorial diameter. 
st ephanoporate: with more th an 3 fr ee pores, equatorially distributed. 
subspheroidal: shape class index 1.33- 0 . 75 . 

tectum: ext ernal m embranous part of ektexine more or Jess covering th e 
endexine; also used h ere when the ektcxin e elements form a 
massive layer with the same effect. 

tricolporate: pollen type wi Lh 3 col pi and 3 pores, the latter centrally in the 
col pi. 

tri porate: pollen type with 3 free pores. 

verrucae: more or less isodiam clric sculpturing elements which in at least 
one dimension are ~ 1 µ and whose greatest diamet er is ~ the 
h eight. The elem ents are neither distall y pointed nor constricted 
at the base. The ratio of greatest to smallest diameter is < 2 ; 
verrucate: sculpturin g with verrucae. 

\'estibulum: m ore or less sharply delimited small cavity within t h e pore; 
vestibulate: type of pore with vestibulurn. 

Taxonomic description of fossil types. 

List of t y p es described. 

So far the following microfossils, chiefly pollen forms, have been identi­
fied to units-family or genus- in the natural plant system and are 
described below. 

A 1 g a e . Page : 

Botryococcaceae: Botryococcus Braunii Kiitz.. . . . . . . . . . . . . . . 42 

Bryo ph yta. 
Sphagnaceae: Sphagnum spp .. .. . ..... .... . .......... . .... 43 

Gym no spermae. 
Pinaceae (without air sacs): Sciadopitys cf. verticillata S. & Z. 43 
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Angiospermae. 
Gra1nineae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Juglandaceae : Carya sp., Pterocarya sp., Platycarya spp., cf. 

Engelhardtia sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Betulaceae: B etula sp(p)., Alnus spp........................ 49 
Ulmaceae: Ulmus sp., Planera sp......... . . . . . . . . . . . . . . . . . . 51 
Hamamelidaceae : Liquidambar sp. . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Aquifoliaceae: fl ex spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Vitaceae: Vitis sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Tiliaceae: Tilia spp... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
Nyssaceae: Nyssa sp(p). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

Descriptions. 

Algae. 
Botryococcaceae. 

Botryococcus Braunii Kutz . 

Some few cluster-like colonies, exactly like colonies of the alga Botryo­
coccus Braunii Kutz from recent freshwater sediments, were observed 
in samples from the lowest part of the lignite bed at Bjerregarde. 

The spherical- ellipsoidal- short pear-shaped segments of the colony are 
10- 11 µ in diameter and composed of a few (5 to 8) small cornet-shaped capsules 
which sometimes become shorter towards the centre of the segment. The 
capsules, which m easure 2.s to 3 µ in diameter, have rounded or often polygonal 
orifices towards the surface of the segment whereas their pointed bases all 
converge towards the short stem of the segment. The wall thickness of the 
capsules is almost equal to the width of their lumen, or somewhat thinner. The 
size of the colony measures about 24 µ. 

This alga, which had already been found by LAGERHEIM in lignite­
gyttja from Salten in East Jutland (see HARTZ 1909), seems to be a very 
persistent form which, at present found living in fresh water , is recorded 
from Estonia under the name of Gloeocapsomorpha prisca in sediments 
as early as the Ordovician. 

The comparative object used was Botryococcus Braunii Kutz from 
postglacial gyttja. The resemblance between the Tertiary and the post­
glacial material is very close, except that the capsules of the Tertiary 
material are somewhat smaller. 

A picture showing the shape of the colony and its structure is given in 
TH. M. HARRIS (1938), text figure 2. 

Photo-sheet: DGU b 341. 



43 

Bryo phyta. 
Sphagnaceae. 

Sphagnum spp. 

The mosses are represented by spores which , judging by their shape, 
agree fully with recent Sphagnum spores. 

There are both thick-walled and rela ti n ly thin -walled fo rms. The latter 
are the more frequent and th ey are usually smooth, though spores with 
thick ened wall areas on the distal surface occur. The thick-wall ed spo re t ype 
is always sm ooth. The circumference is rounded triangular- slightly triangular­
circular. On th e proxim al surface is the triracliate tetracle mark whose three 
legs ext end to about two-thirds of the radius from the centre. Th e equatorial 
diameter is 22- 23 µ; ex.-M at the equ ator (thickenings of t h e wall not included) 
is 0 .5- 1.2 µ; ex.-incl ex 0.02- 0. 05 . 

Sphagnum has been observed in the materials from both Bjerregarde 
and the Soby area, but not frequently. 

Judging from the pictures t he spores correspond to Sporites stereoides 
R. Pot. & Ven. = Sphagniim-spor . stereoides R. Pot. & Ven.; see e.g. Pl. 
XX, li'ig . 2 in R. PoTONIE (1951). 

Photo-sheet: DGU b 272 (thin-walled t ype). 

Gymno s permae. 
Pinaceae. 

Sciadopitys cf . verticillata S. & Z. 

Plate III, Fig. 7- 10. 

The more or less spherical pollen grain ( 42- 49 µ in d iameter) seems to lack 
distinct apertures, but within a rather small area t h e ex. is usually divergent. 
In this area, which is often so mewhat elongat ed, the enclex. is u sually thinner 
th a n outside the area and the ektex. is more or less reduced with a lower and 
relatively open scu lpturin g, or the latter may b e almost abse nt. At this sup­
posed place of em ergence of the pollen tube the ex. is often fold ed or sl ightly 
depressed so that in profile th e grain here is somewhat flattened. 

Outsid e this area the ex. is distinctly double. It consists of a r elatively thin 
endex. (thickness about 0. 5- 0.7 µ) and a much thicker ektex. which , outs ide 
the aforesaid area, is up to 2.5- 3 µ thick. Altogether the ex. is 3.2- 3 .5 µ in cross 
section wh ere it is thickest. The ex.-index is moderate (0.oG- 0.01 ). The surface 
of the ex. h as a coarse verrucate (-rugulate) sculpturin g, with verrucae that 
arc dense, tall, steep-sided and rounded in circumfcrencc- bu t sometimes 
rather irregular- and with rather rou gh , dome shaped tops. Outside the spot 
mentioned their diamet er is about 3 µ, decreasing around the spot. Intermit­
t ently narrow pits run clown into the surface of the v errucae and into the bottom 
of the narrow channels between them. Sometimes the verrn cae seem to be more 
or less hollow, at others they appea r entirely, or partly, solid. 

On Pl. III, Fig. 7-10 are photographs taken at various foe. in the wall. Fig. 7 
was taken at a plane just above or at th e surface of the verrucae, which appear 
as rounded or oblong bright areas. On F ig. 8 the deepest parts of the narrow 
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channels between the verrucae appear as bright, winding threads which, 
however, in the middle of the picture disintegrate into dots. Fig. 9 shows the 
pollen grain in optical section. The rough surface of the verrucae can be seen and 
the narrow channels, whose bottom seems to lie at about the same level above the 
surface of the end ex., are visible in cross section. Fig. 10 shows part of the wall on 
the underside of the grain. Parts of the almost unsculptured area, mentioned 
above, can be seen together with the bases of the verrucae (blurred) bordering it. 

These pollen grains conform very closely to the most complete grains 
of the recent Sciadopitys verticillata S. & Z. In addition, however, there 
are some fossil grains which differ more or less from the form described. 
However, recent Sciadopitys pollen may also vary greatly as regards 
surface sculpturing, and a number of modifications are encountered. 

For example, sometimes the outer parts of the verrucae seem to be lacking, 
or they appear to be crumbled or shrunken; as a result, only the lower parts of 
the verrucae are preserved together with the bottom of the narrow channels 
between them. Fossil grains of similar type might perhaps also be referred to 
Sciadopilys. 

Yet, even if a fossil and a recent pollen grain seem to agree in every 
particular, they cannot be said to belong to the same plant species ( cf. 
Po TONIE 1951). The same pollen form ( " sporomorpha" according to 
ERDTMAN) may be common to quite a number of species, several genera 
or, perhaps, even families. For this reason a number of workers, especially 
R. PoTONIE and collaborators, have elected to retain the form species 
names already adopted for the pre-Quaternary pollen fossils, as a kind 
of species name added to the name of the genus or family to which the 
form species is assumed to belong. The fossil Sciadopitys pollen found in 
Tertiary sediments was originally given the form species name Pollenites 
(abbreviated Poll.) serratus R. Pot. & Ven., which has now been adopted 
by PoTONIE and his group as a kind of species designation in the latest 
form of name: Sciadopitys-poll. serratus R. Pot. & Ven. It is not con­
clusive that the pollen type given this name corresponds solely to the 
recent Sciadopitys species; in addition to the present-day species it may 
comprise one or more extinct ones. 

The same thing applies to all other pollen types which have been 
referred to a natural genus, but where no specific proof can be given that 
it belongs to a definite living or extinct species, e.g. in the form of macro­
fossils in conjunction with the pollen. This must be understood throughout, 
even if no mention is made of it. 

Hitherto, Sciadopitys has been definitely observed from the Bjerregarde 
area alone, and there only rarely. 

Photo-sheet: DGU b 183. 
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Angiospermae. 
Mon ocoty ledones. 

Gramineae. 

The pollen grains are exactly similar to the pollen of present-day 
grasses. 

They a re more or less spherical, and monoporate with a d istinct annulus 
around the por e. The pores are circular and have been observed solely as 
d iapores (direct holes in the ex.), without operculum. Their diameter varies 
from 2 to 4 µ, whereas the measurement of the external annu lar margin may 
be from 5 to 10 µ. The size of the poll en grain s fluctuates considerably within 
the individual samples, from 28 to about 40 µ. The ex. is double. The homo­
geneo us endex. is sometimes very th in, only a small fraction of the total ex. 
thickness. In other cases it is thicker and may be almost as thick as the ektex. 
The latter, in cross-section, is more or less distinctly striated transversally with 
an almost smoolh to more or less crenate external contour. Viewed from the 
surface the ex. usually has distinct coarse dots (ea. 0.5- 0.7 µ in diameter). The 
surface is psilate or w ith fine granules < 1 µ (scabrate). The ex. is 0.6- 0.9 µ 
thick. The ex.-index is small (0.02-0.oa). 

Grass pollen occurred with a rather scattered distribution in lignite 
from the Bjerregarde and Si:iby areas. LAGERHEIM demonstrated its 
presence in lignite gyttja from Sandfeldgard W of Brande in Central 
Jutland (see N. HARTZ 1909) . 

Photo-sheet: DGU b 283. 

Dicotyledones. 

The majority of the pollen types belong to this group. They are arranged 
in families as shown on page 42. 

J u glandaceae. 

Plate IV. 

Several of the pollen types found are referred to this family. 

Carya sp. 

Plate IV, Fig. 9. 

The pollen grains closely resemble modern Carya pollen. 

They are somewhat depressed at the poles (i.e. slighlly oblate). Seen from 
the pole they are circular, sometimes rather bulging around the three pores 
whose position is slightly displaced away from the equator towards one 
pole. The greatest equatorial diameter varies between 41 and 48 µ. The highest 
values were found on pollen treated solely with KOH and acetolysi s, whereas 
the lowes l Yalues are of grain s previously boi led with HP. This diminishing 
effect of HF treatment is well known (see B. B. C11HISTENSEN 1946). The pores 
are circular to slightly eJliptic with a greatest diameter of 3.5- 4.5 µ. The ex. 
is tectate, though the distinction between the two layers is not always clear. 



46 

At the equator the ektex. is much thicker than the endex., which in a more or 
less wide bell around the pores seems to be absent or very indistinct. The inner 
side of the ex. in these areas, which may be partly fus ed, is more or less rou gh, 
sometimes almost frin ged in places. The surface is psilate, though possibly the 
distal ends of the original columellae may rise slightly above the t ectum surface. 
Viewed from th e surface the ex. usually has rather crowded, sharply delimited 
pun ctae which are bright (indistinct) at high and dark at a lower fo e. The 
greatest diam eter of these punctae is about 0.,.- 0. 5 µ. The ex. thickness m easured 
at the equator and midway b etween th e pores is 1.4- 1.9 µ, usually 1.4- 1.5 µ. 
The ex. ind ex is low (ea. 0.o3). Sometimes the ex. is slightly thicken ed beyond 
the margin of the pore, but often it becomes rather thinn er wh en approaching it. 

A round, somewhat thin-walled form is shown on Pl. IV, Fig. 9. 

Exactly t he same characters have been observed in recent 0arya pollen, 
of which t he comparative material used were 0arya myristicaeformis 
Nutt., 0 . microcarpa Nutt. and 0 . ovata (Mill.) K . Koch . 

The only difference between t h e foss il pollen and the comparative material 
is that the fossil grains are a littl e smaller than the recent ones and t h eir ex. 
correspondingly thinner. (Th e greatest equ atorial diamet er of the above 
recent species in the above succession measured was 60- 66 µ, 50- 60 µ and 
57- 63 µ respectively ; the ex. thickness was 1.s- 1.9 µ, 1.s-1.9 µ and 2 .1- 2.s µ 
and the ex.-i ndex 0.o3, 0.o3 and 0.0,1 r espectively) ; These size differences between 
fossil and recent material may possibly be du e partly to individual variation 
(the comparative preparations usually ca me from a single or very few indivi­
duals), or perhaps to unstandardized treatment in the early stages of the 
investigation . 

0aryci pollen was found very sparsely in the material from Bjerregarde 
and the samples from the upper lignite deposits of Soby (Boring VII). 

R. PoTONIE originally named this pollen type P ollenites simplex and later 
(R. PoTONIE et al. 1950 and R. PoTONIE 1951) 0arya-poll . simplex R. Pot. 

Photo-sheets: DGU b 202 and 432. 

Pterocarya sp. 

Plate IV, Fig. 8. 

A number of fossil pollen conform in every way to the poll en of modern 
Pterocarya. The gra in is oblate with a great est equatorial diameter varying 
b etween 29 and 46 µ. Equally distributed along the equator are 5- 7 pores 
rising somewhat above the general surface of the ex., which gives the grain in 
the polar aspect a p olygo nal appearance. The elliptical pores, whose diameter 
in the equatorial plane meas ured 2- 3.5 µ, are usually so oriented that their 
longitudinal axes converge in pairs alternately on either side of the equator. 
The ex. is t ectat e and, measured midway between the pores, usually 1- 1.5 µ in 
Lhickness. Th e ex.-index is low (ea. 0. o3 ). In optical section the wall is not 
striated tranversely. Th e ektex. is much thicker than the endex. Around the 
pores the end ex. seems to be absent and h ere the inner side of the ex. is rou gh. 
Although the ektex . in th ese areas is ge nerally somewhat thickened, the wall 
is us ually more translucent there tha n elsewhere. This has not been clearly 
reproduced in the figure. 
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As in the case of the recent Pterocarya pollen, the ex. under and around the 
pores seems to have been underlain b y thickened intine, relatively small in 
extent, distinctly separated in every case and relatively thick. 

Viewed on the surface the ex. mostly has more or less distinct, rather sharply 
delimited dark (bright at a higher foe.) punctae, ca.0.5 µ in diameter and with 
a similar or frequently somewhat grea ter interval between. As a rule they seem 
to be fairly coarse and relatively dissociate. The ex. surface is ps ilate. 

The comparative material was pollen of Plerocarya caucasica. C. A. Mey. 
( = fraxini(olia Spach) (equatorial diameter somewhat variable, r ising to 45 µ) 
and P. slenoplera DC. (equatorial diam eter up to 42 µ). 

The similarity of the fossil to the modern Pterocarya pollen is of a high 
order; in particular the pollen of recent Pterocarya caucasica resembles 
fossil grains closely. 

The pollen type seems to correspond to Pollenites stellatus R. Pot. 
(1934) = Pterocarya-poll. stellatus R.Pot. (1950 and 51). 

Photo-sheet: DGU b 492. 

Much smaller than the above types are two triporate pollen forms which 
I consider identifiable as Platycarya and Engelhardtia, though the latter 
is somewhat uncertain (cf. Pl. IV, Figs. 1- 7). 

In both forms the pores and their immediate environment seem to have 
been underlain by thickened intin e as in Plerocarya, whereby these parts were 
raised somewhat above the general surface of the grain. As a consequence, the 
circumference of the grain- in th e polar aspect- seems more or less Lriangular 
with the pores at the corners. 

Those parts of the ex. which in annular belts around the pores covered Lhc 
intine thickenings, seem more or less clislinctly to lack the endex., which may 
perhaps be just the reason why they are often seen- best in optical section 
(equatorial section) e.g. Figs. 4 and 7- as more translucent (bright) areas within 
the pores. In these areas the inn er side of the ex. is sometimes rough or even 
frayed to some extent. 

Viewed superficially with a high foe. the wall has distinct bright dots which 
at a lower foe. become dark, sharply delimited. \Vhcther this is clue to a locally 
very faintly indicated surface sculpturin g or an inner colurnell a slructure in the 
wall is a question that must be left in abeyance for th e present. In the few so far 
observed fossil pollen grains of the two types there were some Ycry rare indica­
tions of transversal striation in the wall section. 

Platycarya spp. 

Plate IV, Figs. 1-4. 

A characteristic feature of these pollen grains is at least one pair of narrow 
col pus-like furrows or striae, beginning near the equator on each side of a pore 
and running in an even curve each over its h emisph ere in such a manner that, 
viewed from the po le, they seem to intersect at almost right angles. Occasional ly 
the furrows may be prolonged beyond the equator, or there may be additional 
Jurrows on the oppos it e side of those pores that are accompanied by a sin gle 
furrow. In profile these furrows appear as distinct folds in the wall. The grains 
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are distinctly oblate. Th e equatorial outline is rounded triangu lar to almost 
circular with more or less prominent pore areas (cf. Pl. IV, Figs. 3- 4 and F igs. 
1- 2 respectively). The three pores lie at cquidistance around the equator and 
a re oblong meridionally. 

The ex. is 1- 1.2 µ thick. The ex.-index is low- m edium (0.oi- 0 .oa). In optical 
section th ere is only faintly indicated striation, or non e at all. The outer contour 
is smooth or slightly undul ating. 

In the grains so far examined the greatest equatorial diameter fluctuates 
b etween 18 a nd 24 µ. It is possible that a distinction may be mad e according 
to size between two types whose equatorial diameter lies over and under about 
20 µ respectively . Moreover , the shape of the equatorial outline is different in 
the two types (see Pl. IV, Figs. 3- 4 and Figs. 1- 2 respectively). 

Pl. IV, F igs. 1- 4 illustrate specim ens of the two types. Fig. 1 is a pollen 
grain of the small type at foe. 2. On F ig. 2 is the sam e grain at nearly foe. 5. 
The shape and the course of the furrows are seen. In Fig. 3 and 4 is sh own a 
pollen grain of the larger type at about the same foe. In Fig. 3 the dark dots are 
seen from the surface- below to the right- and in section- alon g the furrows 
on the upper side of t h e grain. Fig. 4 is the same grain in optical eq uatorial 
section ; the furrows on both upper a nd lower side of the grain are also seen. 
The more translucent a reas of the wall around the pores are also visible. 

The comparative material used is recent pollen of P lalycarya slrobilacea S. & 
Z. The diameter measured 16- 23 µ, but the gr eat majority were under 20 µ . 

The smaller type of the fossil pollen grains is very similar to the 
comparative species, though possibly the pores are more oblong-slit­
shaped in the modern material than in the fossil. The larger fossil grains 
on the whole also resemble the comparative material so much that I 
consider both t ypes may be referred to Platycarya. 

Bot~ were found in very small numbers in lignite from the Bjerregarde 
area. 

Photo-sheets: DGU b 433 and 491. 

cf. E ngelhardtia sp. 

Plate IV, Figs. 5-7. 

The pollen t ype referred (with reserve) to this genus has, viewed in the polar 
aspect, a rounded triangular to almost circular circumference with a pore in 
each corner at the equator. Th e grains are more or less oblate and in almost 
each case it has been possible to examine them only from the pole. The greatest 
diameter at the equator is 26- 27 µ. Th e pores are circular or faintly elliptic. 
Measured at the equator the pore diam et er is 1. s- 2 µ. 

Seen in profile the surface is p silate. The ex. is double and tectatc with a much 
thicker ektex. than encl ex. In optical section the ektex. of the few observed and 
examin ed pollen grains has a very indistinct transversal striation which, 
l1owever, is more distin ct inwards (columellae?). It is difficult to ascertain 
whether the striation continues out to the surface and is p erhaps conn ected with 
small elevations on the surface or wheth er it ends in a solid t ecturn. Superficially 
the ex. has distinct clots, bri ght at high foe. and dark at deeper fo e. These clots 
a re scattered irregularly ; th eir diameter is about 0.3- 0.5 µ and th e interstices 
are of a similar size. In equatorial section within the pores, which are only very 
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f a intly prominent or not at all, are seen the aforesaid tra nslu cent wall areas 
which a re sharply delimited from the r est of the wall. T hi s is presumably due 
t o t he absence of endcx . within these areas a nd not to the ex. as a whole being 
thinner t here. The wall thickness does not begin to decrease until much nearer 
the pore. The ex. is 1.3- 1.5 µ thick. The ex.-index is (small-) m edium (ea . 0. o5 ). 

Figs. 5- 7 on Pl. IV show t h e same pollen grain photographed at three 
diffe rent foe. On Fig. 5 the microscope was adju st ed directly upon or slightly 
above the poll en surface (foe. 0- 1); bright dot s are v isible. F ig. 6 sh ows a 
slightly deeper fo e. (foe. 2), and t he dots are now da rk. On Fig. 7 th e grain is 
seen in op ti cal ( equatorial) sect ion (foe. 5). The tra nsversal stria tion of the wall 
has not been brought out. 

This t ype was compared first and foremost wit h recent pollen of Engel­
hardtia species, but also with pollen of various species of Platycaria, 
Myrica , Corylus and Casuarina . These are representatives of a number 
of families which are st at ed (e.g. by W ODEHOUSE 1935) to have inter alia 
t his character in common that t heir pores are underlain by t hickened 
intine. 

Closest similarity seems t o be observable in t he pollen of some species 
of Engelhardtia, though in most cases t hese have a fairly distinct columella 
layer in t he inner part of t he ektex . It sometimes happens, however , t hat 
a transversal striation of t he ektex. is just as indistinct as in t he case of 
t he fossil pollen. As to t he pores, they are somewhat more prominent in 
t he recent pollen than in the fossil. 

H owever , as the fossil material examined is very small and there is not 
complet e agreement with t he comparative material employed , t his ident i­
ficat ion must be viewed with some reserve. 

The pollen grains were found sparsely in material from Bjerregarde. 
Judging from the description and t he pictures in PoTONIE (1934 and 

1951) and elsewhere, the pollen t ype seems to conform to Pollenites 
coryphaeus punctatus R.Pot. (1931 and 1934) , which in PoTONIE (1951) is 
given t he form E ngelhardtioipoll . punctatus R. Pot., whereas THOMSON 
(1949) refers to it as cf. Engelhardtia-pollen . 

Photo-sheet: DGU b 22. 

B et ul aceae. 

This family is definitely represented by .the genera B etula and Alnus. 
There is a great likeness between t he fossil pollen types found and recent 
pollen of t hese genera. 

B etula sp (p). 
Th e poll en grains r eferred to this genu s, like the modern forms, ar e som etimes 

n earl y spherical, though most often somewhat oblat e. They are t r iporat e with 
round , more or less prominent pores which are distributed equally in the 
equatorial plane. In the pola r aspect th e outline is thus liable to becom e sub-

D. G. u. n. rk. , nr. so. 4 
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triangular. The grai ns are vestibulate, the ex. at lhe pores being split into two 
layers, ektex. outermost and endex. innermost. The free part of the ektex. forms 
the prominent part of the pore area, of which the margin, more or less thickened, 
forms an annulus surrounding the pore; in these cases this annulus in optical 
section has the shape of two lips, one on each side of the pore. \Vhere the wall 
splits the endex. does not extend outwards but projects in the form of a narrow 
ring into the cell space limiting the vestibule inwards. 

Th e surface of the ex. is psilate. The ex. itself is tectate, consisting of a thin, 
structureless endex. membrane inside and, on the outside, a thi ck, solid ektex. 
layer of crowded and completely fused ektex. elements. The wall in optical 
section does not-or only very indistinctly- show striation (Le. co lumella 
structure), but seen superficially it usually has distinct punctae; these seem to 
correspond to structural elements in the wall itself and not merely to sculptural 
elements on the surface. It is possible, however, that both are faintly indicated. 
The punctae, whose arrangement is irregular, have a diameter of about 0.3-
0.± µ. 

The greatest equatorial diameter- measured between the outer margin of 
the pore areas- is 25- 28 µ, the smallest from HF-treated material, the largest 
from samples not treated with hydrofluoric acid. The height of the prominent 
pore areas is 3- 4 µ. The ex. thickness is l.1- l.± µ and the corresponding ex.­
index small to medium (0.o4- 0.oo). 

Betula pollen was found scattered in samples from both Bjerregarde 
and the Soby area. They were already recorded by N. HARTZ (1909) 
from lignite gyttja from Sandfeldgard near Brande, Central Jutland. 
HARTZ also mentioned that he found birch branches with bark and a leaf 
of B etula in similar soil from the Salten section in East Jutland. 

For illustration material, see RUDOLF (1935), Pl. V, Fig. 11 and espe­
cially PoTONIE, THOMSON and THIERGART (1950), Pl. B, Fig. 14 and 
KrncHHEIMER (1937), Fig. 51 b. These figures are very like the pollen 
types found and they are all marked Betula. 

Photo-sheets: DGU b 42, 52, 452 and 935. 

Alnus spp. 

This genus too is represented in lignite from both Bjerregarde and the 
Soby area, but, like the foregoing one, with no high frequency. 

The pollen is oblate and stephanoporatc, all the pores being situated on the 
equator. The equatorial outline is polygonal, in each corner having a pore 
which most often is somewhat oblong mcridionally. Often the areas round the 
apertures are prominent through the presence of annuli and the raised moulding 
of the ektex. aro und the pores. As a result, the wall areas between them arc 
concave in the polar aspect. The pores, of which from 4 to 7 have been observed, 
are vestibulate like those of Belula. Radiating from each annulus are four 
characteristic, cu rved bands, arci. They begin two on each side of the eq uator 
and each arc runs in a greater or smaller curve across the polar area to the 
annulus of the nearest pore. 

The equatorial diameter fluctuates considerably, according to the number of 
pores, usual ly being least on those with 4 or 5 pores (24- 34 µ, generally 27-
28 µ), on an average somewhat larger on the hexaporate (ea. 31- 32 µ), whereas 
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the heptaporate are often giants with a diameter of up to 39 µ. The ex. thickness 
measured midway between the pores may also vary, as also the ex.-index to 
some extent. For example the followin g arc m easures and calculated index 
numbers for a relatively small number o[ poll en grains; quadriporate: ex.-M 
0.,- 0. 5 µ, ex.-index 0.02- 0.05; pentaporate: cx.-M 0.5- 1.o µ, ex.-index 0.02- 0.oa ; 
h cxaporate: ex.-M 0. 7- 0.9 µ, ex.-index 0. 02-0.oa ; septapora Le: cx.-M l.o- 1.s µ, 
ex. -index 0.oa. 

As with B elula , th e ex. in section is usually without or with indistinc t 
striat ion. However, superficially th ere arc distinct punctac which presumably 
arc due to internal structural elem ents, as the surface seems to be smooth. 
The endex. seems usually to be thinner than the ektex. 

Most of the fossil pollen grains found are very like pollen of Alnus 
glutinosa (L.) Gaertn., though some of the quadriporate-the especially 
thick-walled- seem to lie outside the range of variation of this recent 
species. 

HARTZ (1909) mentions finding remains of Alnus female catkins in 
lignite gyttja from Salten and Silkeborg Sonderskov, East Jutland. This 
identification, however , was challenged by KIRCHHEIMER (1938) , who 
considered the fossils to be remnants of cones of Sequoia coutssiae. 

Pictures bearing what seems to be close resemblance to the fossil pollen 
appear e.g. in R UDOLPH (1935) , Pl. V, Fig. 10, THIERGART (1940), Pl. III, 
Fig. 18 etc., PoTONIE, THOMSON & THIERGART (1950), Pl. B , Figs. 17 and 
18 and Pl. C, Figs. 19 and 20. 

These fossil pollen appear under names such as Alnus (RUDOLPH (1935) 
and THIERGART (1940)) , Alnus cf. glutinosa Gaertn. (pentaporate) and 
A. kefersteinioider Typ = A.-poll. metaplasrnus R.Pot. (quadriporate) in 
both THOMSON (Pl. B) and TmERGART (Pl. C) (PoTONIE, THoMso, & 
THIERGART (1950)) . 

Photo-sheets: DGU b 62 , 103, 214, 943 and 954. 

Ulmaceae. 

Pollen of Ulmaceae were already found by LAGERHEIM in lignite gyttja 
from Sandfeldgard West of Brande, Central Jutland. The finds were 
published by HARTZ (1909) as Ulmus sp., an identification which must be 
viewed with some reserve, however , it having turned out that Ulmus 
pollen cannot definitely be distinguished from pollen of certain other 
Ulmaceae such as some species of Z elkova. On the whole, therefore, the 
fossil pollen described below are identified only as to family . 

It is comm on to the pollen found that they arc stephanoporate, but occasion­
ally havin g one or more pores rather outside the equator. Furthermore they 
are tectate, more or less oblate in shape, and round the pores t he ex. is thickened 
(ann uli) , sometimes consid erabl y . The ex. varies a good deal in th ickn ess but is 
usually relatively t hin (cx.-M, measured b etween the pores, is 0.7- 1.5 µ and 
the ex.-inclex 0.02- 0.04). It is built up of a very thin encl cx., a thin co lumella 
layer a nd a thick tectum bearing hi gher or lower sculptur in g. Viewed super-
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ficially the surface is generally punctate, as a rule most distinctly around the 
more or less elongate pores. 

Two types can be distinguished, however: a, with a rounded equatorial 
outline (greatest equatorial diameter 34- 45 µ) and a low, fine or coarse reticulum 
over the tectum, as well as pores to the number of 4- 6; and b, with a polygonal 
equatorial outline (greatest equatorial diameter 32- 36 µ) and rugulate sculplur­
ing formed of winding ridges which most often are fairly wide and long. The 
number of pores has been found to be 4- 5. 

Differing somewhat from the above types is a characteristic, rather markedly 
oblate form with 4 pores and quadratic equatorial outline. The greatest 
equatorial diameter is 32- 33 µ, the polar axis about 8- 10 µ, shape class index 
about 0.3. Emanating from the fairly well developed annuli and mostly on both 
sides of the equator are two wide and pronounced, curved bands ( exine thicken­
ings (? )- arci) which turn over each to the annulus of the neighbouring pore 
(cf. the apparently similar phenomenon on Alnus). The low sculpturing of the 
grains is usually rather coarsely verrucate. The ex. is as a rule fairly thin 
(ex.-M about 0.7 µ, ex.-index about 0.02) and, viewed superficially, is generally 
distinctly punctate over the entire surface. 

This pollen form was found in the Bjerregarde district. It closely 
resembles recent pollen of Planera aquatica J. F. Gmel., though this is 
somewhat larger than the fossil. As previously mentioned, however, HF, 
with which the fossil pollen were treated, diminishes the grain size. 

Among the majority of type b some of the grains may possibly be 
classified under Zelkova , but the transition between the pollen of this 
species and that of certain Ulmus species seems to be so gradual that for 
the present I am unable to distinguish the forms one from the other with 
reasonable certainty. 

Type a, on the other hand, is exceedingly like modern pollen of the 
Ulmus species. 

Both type a and type b-apart from the Planera type-were found in 
the Bjerregarde and Soby districts. 

Illustrations which seemingly correspond to type a are published i.a. in 
RUDOLPH (1935), Pl. V, Fig. 6 and by THOMSON in PoTONIE et al. (1950) , 
Pl. B, Fig. 36, whilst figures very like type b will be found i.a. in THIER­
GART (1940), Pl. II , Fig. 20 = THIERGAR'r in PoTONIE et al. (1950), PLC, 
Fig. 24. 

Photo-sheets: DGU b 391, 455, 494, 923, 925, 941 and 942. 

Hamamelidaceae. 

Liquidambar sp. 

Plate III, Fig. 1. 

Pollen grains exactly corresponding to those of Liquidambar have been 
found somewhat scattered in material from the lignite bed at Bjerregarde 
but are more frequent in samples from the upper (woody) bed at Soby. 
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On the whole the grains are spherical with a greatest diameter of 28- 49 µ 
(usually 35- 43 µ). Here again, HF-treated pollen grains arc generally smaller 
than those simply boiled with KOH and then acetolysed. 

The grains are periporate with up to 12- 14 circular-oval pores varying ·in 
size (sometimes being up to 8 µ in their greatest diameter). The pores are 
diffusely delimited and with isolated granules or groups of them on the pore 
m embrane. These ektcx. elements are not always present, however. 

The ex. is intectate (-tcctate), finely reticulate-fovcolate (or finely pitted 
psilatc). The pits or the lumina of the network measure about 0.1- 1 µ in dia­
meter. Between the pits or lumina is one or more rows of columellae. The 
columella diameter is about 0.s-0. s5 µ. The ex. thickness varies considerably, 
the most frequent measurement being 1.1- 2.2 µ. The ex.-index is usually about 
0.o5 though a few thin-walled gra ins have been found with an ex. thickness of 
1.2- 1.5 µ and an ex.-index of 0.os- 0.045. Generally speaking the ektex. is thicker 
than the endex. The thin-walled forms are reticulate-foveolate or, exceptionally, 
distinctly foveolate. 

Pl. III, Fig. 1 shows a Liquidambar pollen grain in deep foe. 2 with a pore 
centrally in the picture. Observe the diffuse limitation of the pore and the 
isolated granules on the pore membrane. 

This pollen type seems to correspond to Pollenites stigmosus R. Pot. (see 
PoTONIE & VENITZ (1934): Zur l\'Iikrobotanik des miozanen Humodils der 
niderrheinischen Bucht.- Arb. Inst. Palaob. u. Petr. Brennsteine 5, to 
which reference is made in the following two works) = Liquidambar-poll. 
stigmosus R.Pot. (1950 and 1951). 

Photo-sheets: DGU b 31 and 91. 

Aquifoliaceae. 

Ilex spp. 

Plate V. 

In material from Jutlandic lignite it is not unusual to find pollen with 
a structure conforming in every way to that of modern Ilex pollen. 

The grain is subspheroidal, the polar axis usually being somewhat longer 
than the equatorial. Viewed in the polar aspect the outline is more or less 
deeply trilobate or almost circular with less deep indentations. From the shape, 
number and arrangement of the apertures the grains may be described as 
tricolp(or)ate. Sometimes in the centre of the colpus- viewccl superficially­
there is a circular, bright area (a pore?), and a similar impression is received 
mostly when a colpus is seen in longitudinal section (see e.g. Pl. V, Fig. 9). 
The rule is, however, for the equatorial area of the colpus to be more or less 
folded together into a transversal fold across the colpus, which may be clue to 
the weak spot in the ex. around its centre. In thi s connection compare the 
term tricolporoidate, used by G. ERnn1AN (1952). The polar area is small. 

The ex. consists of a thick enclex. set with club-shaped elements ( clavae) 
standing quite free, varying somewhat in shape and often of very different 
sizes. The grains are thus intectate and clavate. 

At the central part of the intercolpium and around the poles large clavae 
dominate, though unevenly distributed among them th ere are usually much 
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shorter and more slender clavae which predominat e t owards the intercolpium 
m argin. In other words, there is a m arginal border differin g clearly from the 
rest of the intercolpium- a m argo. 

The small clavae almost without ex ception have spherical h eads (diamet er 
ea. 1 µ or less), and the stems m ay b e a bsent or of various lengths, usuall y 
increasin g from the margin t owards the middle of the intercolpium. 

The large clavae may also be unstemmed so metimes or furnished with a 
shorter or longer s ta lk (see below) , and their thickened parts may b e spheres 
or more irregularl y shaped bodies. Seen laterall y they m ay be club, p ear or 
mushroom shaped, but the end view is almost circular, so metim es more or less 
oblong or polygonal- quite excepti onally slightl y curved (sickl e t o b ea n 
shaped). 

The latter features are rather frequently observed on the recent species 
Jlex aqui/olium L. a nd J. serrala Thunb., whereas pollen of other 1/ex sp ecies 
examined h ave m ore isodiam etric clavae. 

F rom a consideration of th e sh ap e a nd size of th e clavae and esp ecially of the 
ratio of th e greatest di amet er of the large clavae t o their h eight, it seems poss ible 
t o distin gui sh between t wo t yp es: a, an an g u s ti c l ava t e t ype, where th e 
a bove rati o usu a ll y is less than 1, often just sli ghtl y over ¼, and where th e 
st ems of th e clavae on an average are as high or higher than the h ead (see P l. 
V, Figs. 5,7 and 9); and b,a laticl ava tetype, inwhichthe ra tio is lormos t 
often more and where the st em is either absent or considerabl y lower than the 
head (see Pl. V, Figs. 1-4, 6 and 8). Moreover, th e fossil pollen referred 
to the latter t ype seem to be divisible into two sub-typ es: b 1 with large, and b2 

with small grains (see Pl. V, Figs. 4, 6, 8, and F igs. 1- 3 respectively). 
The foll owing maesurements have been found for pollen grains of th e 

an gusticlav at e type: polar axis 45- 50 µ , greatest equatorial diam et er 40- 45 µ, 
h eight of clavae up to 6 µ, gr eatest di am et er of clavae up to about 3 .5 µ 
( exceptionall y to 5 µ ). Correspondin gly the two t ypes of laticlavate pollen have 
the foll owing measurements : t yp e b 1 , polar axis 40-46 µ , greatest equatorial 
diam eter 32- 42 µ, hei ght or clavae up to 5.5 µ , diameter of clavae up to 6 µ 
(but exceptionally to about 7 µ); t y pe b 2 , polar axis 30- 35 µ , greatest equatoria l 
diamet er about 30 µ , h eight of clavae up to 3 µ, diamet er of clavae up to 4 µ. 

The shape-class ind ex for the angusticlavate t yp e is about 1.2 a nd for both 
laticlavat e t yp es 1.1- 1.s. Thus the polar axis is usually rather longer than the 
greatest equatorial d iarnet er. 

On Pl. V is a representative of each of the three I Lex t ypes at v arious foe. 
and p artly in different orientations (see expl anation of plat e). 

The small laticlavate pollen (type b 2) have been compared with recent 
material of Ilex aquifolium L. , I. purpurea H assle and I . serrata Thunb . 
The first two species agree in size with t he small fossil grains, whereas 
Ilex serrata is usually smaller still . 

The resemblance is closest t o Ilex purpurea which , like the sma ll 
fossil grains, has isodiametrical club heads almost exclusively, whereas 
the other two species differ in having more varying, often heterodia­
metrical heads. 

On the ot her hand , up to the present I have not succeeded in finding 
recent pollen material corresponding to the angusticlavate t ype (type a) 
or to t ype b 1 within the laticlavate. 
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Time will show whether the types separated above are so constant that 
they will serve as an effective basis for differentiation. 

Ilex pollen is fairly common in the lignite of both Bjerregarde and the 
Soby district . 

All the Ilex pollen types referred to seem to belong to Pollenites iliacus 
R.Pot. (see PoTONIE 193-!) = Ilicoipollenites iliacus R.Pot . (1951). 

Photo-sheets: DOU b 21 , 102, 152, 922, 924, 933. 

Vitaceae. 

Vitis sp. 

Plate III, Figs. 2- 5. 

To this genus I have placed some few pollen grains found in lignite 
from the Bjerregarde area . 

Viewed in the equatori a l plane the grain is short, lemon-shaped (cf. Figs. 4 
and 5), wh ereas viewed in the polar aspect (i.e. in the equatorial ou tlin e) it is 
sub-triangular with more or less concave sides and deep, ra ther broad furrows 
in the corners (cf. Fig. 3). In the base of these furrows are the apertures. The 
length of Lh c polar axis is 19- 21 µ and the greatest equatorial diamet er 16- 18 µ. 
Thus the pollen shape is slightly ob long (shape class index l. 15- 1.20). The grain 
is tricolporate with long, narrow (about 1 µ wide) colpi furnish ed at the equator 
with circu la r pores th at are about 2 µ in diameter , i. e. broader than the colpi. 
The latter pass over the pores in the form of somewhat widened furrows. The 
pore only becomes distinct and circular at a deep er foe.; i. e. the pore is chiefly 
the result of a hole in, or a thinning of, the endex. At a high foe. t he pore is 
indistin ct a nd blurred. The colpi termin ate not far from t h e pole. The polar 
area measures 4.5- 5 µ a nd the polar area index is small (about 0.23). The inter­
colpium is slightl y co ncaYe, mostl y at th e equator, whereby th e edges of the 
intercolpium form a thick fold on each side of the colpu s (cf. Fig. 3). 

Th e ex. is (1 - )l.5 µ thick, being thi<.;kest at the poles. Th e cktex. seems 
somewhat thicker than the cndex. The cx.-index is medium (0.os-0.o9) . The 
surface displays a fin e ret iculate scu lpturing, mosl distinct at Lh e poles and 
recedin g towards the equator where it is much fainter or almost faded out. The 
grealcs t m esh diamet er is in the pol ar a rea, about 0. 5- 0.6 µ , but is often much 
less. The muri are fairly low. 

On focuss in g the mi croscope to various depths in the wall , b eginning at 0 
and moving downwards to 3, with ordinary imm ersion oil, one sees, uppermost, 
a bright n et with dark lumina, passing downwa rds into a dark net with bright 
lumin a. , vith oil imm ersion both over and und er the preparation (as used in 
microphotography), one sees uppermost a bright net with dark lumin a which 
with deeper foe. changes to bri ght dots surrounded by a dark er, gray net 
(blurred reproduction on Fig. 2), whcrcafter still deeper foe. again shows black 
punctae on a grey b ackground ( or surrounded by a grey n et). These dark punctac 
apparently correspond to the bri ght dots at high er foe. 

·wheth er the dark punctae arc columellae or m erely the nega tiye image of 
the reticulum observed at the higher foe. must remain an open qu es tion for the 
moment. In the form er case t h e wall would be tectate wi Lh reticulate sculpturing, 
in the latter it would be intectate reticulate. Deep focussing (with oil both over 
and und er the preparation) often showed the punctae on modern Vi/is species 
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too, though not in every case. The character was not consistent even on pollen 
from a definite species. 

Pl. III, Figs. 2-5 show a Vilis pollen grain in different positions. On Fig. 2 
the sculpt uring near the pole is seen. The bottom of the lumina appears very 
faintly as bright dots. On Fig. 3 the ends of the colpi can be seen. Fig. 4 shows 
a colpus and a pore in equatorial view. Finally, Fig. 5 is a longitudinal section 
through a colpus and the pore is seen in profil e. 

The fossil pollen grains agree very well with modern pollen of the 
V itis silvestris type in cases where the latter occur in a somewhat shrunken 
state so that the intercolpia are concave. It may appear, however, that 
the pores of the fossil grains are a little more distinct and more clearly 
delimited. Moreover, t he fossil grains are smaller than the modern pollen 
of Vitis vinifera L. and V. silvestris Gmel. , which at any rate in part is 
due to the treating of the fossil grains with HF. The polar axis of the two 
modern species measures 24- 29 µ and (24-) 29- 31 µ respectively, whereas 
the greatest equatorial diameter of both is 22- 25 µ. However, pollen of 
other Vitis species or of species of closely related genera differ much more 
from the fossil grains found . 

As far as I know, Vitis pollen has not previously been found in late­
Tertiary lignite, though seeds and other macrofossils referable to various 
-some extinct- V itis species are recorded from certain German lignite 
beds. Vitis seeds are also reported by H ARTZ (1909) from Amber-twig 
beds in meltwater sand at Copenhagen, and F. KIRCHHEIMER (1938) places 
them to Vitis silvestris. These beds, however , may possibly contain later 
plant remains besides the Tertiary ones. 

From the Eocene WODEHOUSE (1933) reports Vitis-like pollen under 
the name of Vitipites dubius (according to ERDTMAN 1943). 

Photo-sheet: DGU b 393. 

Tiliaceae. 

T ilia spp. 

Plate VI. 

So far, linden pollen has been only of sparse occurrence in the present 
material and only in lignite samples from the Soby area. HARTZ (1909) 
however reports it from Sandfeldgarde West of Brande, Central Jutland. 

The grains are quite modern in appearance, both as to type and to the 
structure and sculpturing of the wall. 

They are more or less oblate. At the equator of the grain, ·of which the 
greatest m easured diam eter was 45- 50 µ, are 3 regularly distributed , very short 
colpi, 1.s- 2 µ wide, forming entrances to larger or smaller cavities (vestibuli). 
Except at the very entrance, where the ektex. sometimes turns in a little way 
(cf. type a below and Pl. VI, F ig. 4), the vestibuli are surrounded by the 
endex., which is much thickened h ere. Roughly, the vestibuli have the shape 
of low truncat ed cones that are more or less flatt ened from side to side, especially 
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outwards. Their inside bases are rounded and up to 7- 8 µ in diameter (cf. 
especially type b below and Pl. VI, Figs. 5 and 6). 

The structure of the ex. varies so greatly from one grain to another 
that, after comparing them with the pollen of recent species, one would 
be inclined to place them to different species. The Tilia pollen material 
examined so far is so restricted, however, that for the present I shall 
describe merely the differences between two types, designated type a and 
type b. 

Type a. 

Plate VI, Figs. 1-4. 

The equatorial outline is almost circular to slightly triangular with the 
apertures between the angles. The apertures are slightly projecting or not 
projecting at all. The endex. thickenings around the vestibuli are very 
pronounced and bulge well into the interior of the cell. Here the ex. has a 
thickness of 5- 6 µ. At the transition from the thickened to the unthickened 
part of the endex. and on its inner side there is often a distinct, fairly deep 
furrow (cf. Fig. 4), the endex. here forming a sharp fold about the vestibulum 
entrance. This is a very evident example of PoTONIE's " Quetschfalte" (ruga 
compressa) (PoTONIE 1934, p. 21). The external diameter of the inturned endex. 
" rim" is 15- 17 µ. 

As indicated above, the ex. is double. The thickness or the endex. outside 
the vestibulum areas is 1 (- 1.5) µ. The ektex., which in this type ext ends a 
good way down the vcstibulum entrance, is (l.o- )1.5 µ. Thus the ex. as a whole 
is 2- 2.5 µ thick, th e cx.-index is small-medium (0.o5). 

In profile (see Fig. 4) columellae arc to be seen, some of them at right angles 
to the endex. surface, while others are placed obliquely on it. Viewed from 
above they seem mostly to be arranged in groups. In some cases such a group 
would seem to be formed by ramification of a single columella. Outwards the 
columellae of a group fuse with those of the surrounding groups forming a more 
or less continuous tectum. Over this are ridges (muri), formed of the same 
columellae (or columella branches). The muri generally are placed over the 
interstices between the columella groups. 

Accordingly, the surface sculpturing is finely reticulate with lumen diameters 
up to 1 µ or slightly more (see Fig. 1). From the base of the lumina it would 
seem that narrow, perhaps funnel-shaped pits continue inwards here and there. 
At a high foe. a single row of fine granules (see Fig. 2) can be seen in the 
reticulum muri. 1Vith a deeper foe., in places, the rows of columellae appear 
double (see Fig. 3). At a still deeper foe. one sees columellae assembled in the 
aforesaid groups, one under each lumen of the net. Under the smallest of these 
the granules in the group are fused at the bottom like branches into a single 
stem (columellae digitatae). This phenomenon is not clearly visible in the 
larger groups, in which the granules appear separated throughout. One might 
think that they too originate from a single trunk, which is, however, branched 
very early indeed. 

This type has been compared inter alia with recent pollen of Tilia 
platyphylla Scop. There is rather good agreement with this species, e.g. 
as regards size and the rather narrow diameter of the vestibulum besides 
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the structure of the ex. The fossil pollen, however, differs by the more or 
less distinct furrow in the endex. at the transition between the normal 
endex. and its thickened part, and by the unusually marked development 
of this latter part. 

Photo-sheet: DGU b 11 . 

Type b. 

Plate VI, Figs. 5-6. 

This type is of the same size as type a and in principal of the same structure. 
The outer contour of the wall section is very slightly crenate. As in the foregoing 
type the ektex. is usually somewhat thicker than the endex. (about 1.s µ and 
1.o µ respectively). The total ex. thickness is 2.s- 2. s µ. The ex.-index is small­
medium (0.os). 

The differences from t ype a are: The aperture area projecting more, the 
equatorial outline of the grain is nearly hexagonal. The thickened part of the 
endex., whose diameter at the equator is 16- 18 µ, out to the sides passes 
smoothly into the unthickened part without step or furrow. Here the thickened 
endex. pushes the aperture area more outward, thus occupying less room itself 
in the interior of the cell. The ektex. ends abruptly at the colpus margin and 
does not extend beyond it. The lumina of the superfici al reticulum are smaller 
than in type a . Furthermore, the groups of columellae described under type a 
as standing under each lum en in the reticulum in type bare without exception 
clearly fused proximally into a single stem (cf. e.g. Figs. 3 and 6; the foe. for 
the latter is a little deeper than for the former). 

Type b approaches the modern Tilia cordata Mill, though t he latter's 
pollen grains are smaller (usually 37- 40 fl, exceptionally to 45 ft) and more 
irregular in wall structure . 

Photo-sheet: DGU b 921. 

Nyssaceae. 

Nyssa sp(p). 

Pollen grains very similar to recent Nyssa pollen are not uncommon in 
lignite samples from both Bjerregarde and the Soby district. 

They are subspheroidal. The shape class index varies from something under 1 
to about 1.s but generally lies at about 1.1. The polar axis measures 30-43 µ, 
exceptionally 49 µ, and the greatest equatorial diameter 27- 40 µ. In the polar 
aspect the grains are sub-triangular with rounded corners and more or less 
convex sides. 

The grains are tricolporate with lon g, narrow colpi, each situated in the 
bottom of a furrow and passing the equator in the triangle corner of the polar 
aspect. The pores are large and circular to slightly elongated, usually equatori­
all y. Along both sides of the colpi- covered by a th in layer of ektex. - and 
partly under the colpi are structureless thickenings which obviously belong to 
the endex. like similar phenomena on modern Nyssa pollen. G. ERnn1AN (1952 
p. 289) is of a different opinion, as he cons iders them to be " sexinous 
thickenings". They are widcs t and most pronounced towards the equator 
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where, however, owing to the p resence of t he pore, they are wholly or partly 
discontinued. In the latter case the pore is sharp ly delimited along its entire 
circumference ; but if t h e thickenings a re in te rrupted completely at the equator 
on the one or on both sides of th e po re, t he latter 's margin at the interrupted 
p laces is blurred. The ex. t hi cken in gs v iewed from the pole can be seen very 
distin ctly- especially near t he equator- in the form of inward swellings whi ch 
unite under the colpus, looking like one co ntinuous invagination of endex. The 
polar a rea is medium, its index yary ing from 0. ~ to alm ost 0. a, but most fre­
quently bein g under OA. 

Th e ex. is generally more or less distinctly double, a nd up to 2.s µ thick. 
The ex.-index is medium (about 0.os). The endex., which may var y in thickn ess, 
is mos tly l. 0- l.1 µ th ick centrally in the intercolpia in the eq uator ial plan e 
(sometimes it is somewh a l t hinner). Here the ektex . usua ll y has a t hi ckness of 
about 1.4 µ and in most cases h as a distinct columella layer inn ermost with a 
tectum, moslly somewh at th icker, outside it. The relative thi cknesses of the 
two layers varies rath er cons iderably, however . In profil e, the tectum may be 
more or less d istin c tl y striat ed transversally. In exceplional cases the ektex. 
may co nsist exclusiYely of crowd ed granules whereby there is scarcely any 
tectum. Very similar structural modifications can be observed in various 
comparative p reparations from o ne a nd the same species of Nyssa (see below). 

Towards the colpi t h e layers of the ex. usually become much thinner and 
gradually the colum ell a laye r disappears. Bordering t he edges of the intercolpia, 
however, we find the a for esa id ex. thicken ings. 

Seen from the surface t he columellae are usu all y distinct, fairly coarse, and 
distributed without clear a rrangement, sometimes crowded, sometimes more 
scattered. Their diameter is generally 0.5- 0.7 µ as far as the largestareconcerned, 
slightl y more in exceptional cases. 

Viewed in profile the surface is either alm ost smooth or f inely notched, 
occasionally with sh allow and rather fine, r ounded bulges b etween t h e notches 
or more irregularly uneven. Viewed sup erficially one often sees narrow depres­
sion s sit uated over the interstices bet\veen the co lum ell ae. Close examination 
still leaves it uncertain whether these are p its or fine perforations. Sometimes 
there a re very few of these fine d epressions in th e tectum, at others t hey are 
close together. Y et the surface usually must be ca lled ps il ate, but occasionally 
it h as irregu la r shallow pits or low, fine " warts" (foveolate-scabra te) . 

On comparing th e poll en of this type found in t he two different localiti es, 
it appears that 1) t h e grains from Bj erregarde (notwithstandin g their HF 
treatment , whi ch, as shown by CHRISTENSEN (1946) d iminishes one or both 
dimensions) a re occasionally somewhat larger than those fro m the Soby area, 
2) that the material from Soby lig nite contains a number of pollen gra in s with 
an unusually low sh ape-class index. 

If these differences in size a nd sh ap e variation between the grains from th e 
hvo localities a r e co nfirmed, they may be referred t o two fo rm species. 

Practically all the above variations in size, shape, structure and 
sculpturing have been observed in the only comparative species used , 
Nyssa multiflora Wangenh. (N. silvatica Marsh.) , which is represented by 
material from three different localities. 

At any rate the majority of the above fossil grains thus conform very 
closely to modern comparative material. Accordingly I consider the 
identification as Nyssa to be sufficiently well-founded. 
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Nyssa was already demonstrated in Danish lignite deposits by H ARTZ 
(1909), who reported Oarpoli thes nyssoides (which he regarded as fruits 
of Nyssa) as a common fossil from the Salten section and Silkeborg Si:in­
derskov in East Jutland. F. KIRCHHEIMER (1938) agreed with HARTZ in 
regarding the latter's find of Oarpolithes nyssoides as Nyssa fruits . 

The best pictures known to me of fossils resembling the above pollen 
type are contained in Fr. THIERGART (1940), Plate III, Figs. 24 and 26. 
In actual fact, however, there is no really satisfactory illustration of the 
type in the literature. 

Photo-sheets: DGU b 411 , 946, 981. 

Concluding remarks. 

The rather incidental selection of pollen types from Jutlandic Tertiary 
lignites discussed in t he foregoing comprises, in addit ion to pollen of well­
known genera in modern Danish flora, a number of types whose mother 
organisms no longer grow naturally in this country. Some of them are 
found farther sout h in Europe whereas others occur only in other conti­
nents, especially America and East Asia. 

As my knowledge of exotic pollen types is rather limited as yet, their 
number in the present li st is relatively small , being nearly the same as 
the number of types representing genera found in the present day flora 
of Denmark. R egarding the remaining and much larger part of the pollen 
types in the lignites it is clear that the exotic types will be much more 
prominent. 

A much larger number of the pollen and spore types in the material 
will have to be dealt with before the pollen analysis of the Danish lignites 
becomes effective. As far as many of these types are concerned, it must 
presumably be accomplished by referring t hem provisionally to purely 
artificial taxonomic units, though with the constant purpose of bringing 
t he various types as closely as possible in connection with those of the 
natural system. 

In conclusion I would again point out that one should not be misled 
by the finds recorded here into drawing uncritical, categorical conclusions 
as to Denmark's climate in t he lignite period. The units are too rough and 
t he selection too onesided for that; one's opinion would have to be formed 
upon a basis comprising the majority of the pollen types, which definitely 
is not the case here. 

The work on which the present paper is a report was done in the Palaeo­
botanical Department (Moselaboratoriet) o[ the Geological Survey of Denmark, 
Charlottenlund, in intim at e collaboration with the institution' s former Lignite 
Department (now the Department of Na tural Resources). A commencement 
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was made in 1943, but th e great er part of the work was carried out in the 
winters of 1949- 1952. 

I have received much h elp from m y colleages a t the Geological Survey of 
Denmark and take the present opportunity to express my gratitude. I wish 
to direct my thanks to Dr. Keld Milthers, chief of the Department of Natural 
Resources, and to Dr. Johs. Iversen, chi ef of the Pa laeo botanical D epartment. 

In conn ection with the procuring of suitable modern co mparative material, 
especially pollen from American and East Asiatic pla nt forms, I would particu­
larly mention the great help given m e by Professor Knud Jessen, Director of 
the Botanical Gardens of the University, Dr. 0. Hagerup, Keeper of the Bota­
nical Museum of the U niversity, and Dr. C. Syrach Larsen, h ead of th e National 
Arboretum, all of whom gave me carte blanche to coll ect pollen. I tender special 
thanks to Miss Jane Gray, now California University, U.S. A., for h er co-opera tion 
in the coll ection of pollen and the making of preparations of exo ti c pollen 
representatives. 

The tran slation into English was made by Mr. W. E . Calvert, Virum. 

Dansk resume. 

Indlednin gen giver en oversigt over, hvad der i nyere tid er sk revet om de 
jyske tertia;re brunkul - deres aflejringsforhold, de skiftende m eninger 0111 

deres plads i den geologiske lagse ri e samt eksempler pa fundn e m akro- og 
mikrofossil er. 

I hovedafsnittet b eskrives 16 mikrofossilformer ret indgaende og h enfores 
til famili e eller of test shcgt ( evt. art) i det naturlige plantesystem. Listen -
sml. oversigten over de beskrevne typer s. 41 - omfatter 1 alge, 1 mos og 14 
fanerogam-slregter. 

D e behandlede mikrofossiler stammer fra brunkulsprover fra 2 lokaliteter, 
nemlig Bjerregarde ved Studsgard og Soby ved K olka;r, begge i Midtjylland. 

Efter pulverisering er prnverne ko gt med KOH og acetolyseret. Proverne 
fra Bjerregarde er desuden forud b ehandlet m ed kogende 30- 40 % HF. 

Pollentyperne er stort set b eskrevet under benyttelse af den t erminologi, 
som er fremsat af JOHS. IVERSEN og J. TROELS-SMITH (1 950). 

Fossil erne er bestemt ved sammenligning med recent acetolyceret materiale. 
For en rrekke pollenformers vedkommende er b eskrivelsern e ledsaget af 

fotoreprocluktioner (tavle III- VI). I nogle tilfrelde viser disse pollenexinen ( d. v.s. 
pollenva;ggen) set fra fl aden ved forskellige clybde indstil!inger (foe. 1- 3), i 
andre ses v reggen i optisk tvrersnit (foe. 5), ligesom der er lagt v a;gt pi at illu ­
strere srerl ige bygn i ngstrrek af betydning for iclentificering og doku mentering. 
Imidlertid gengiver de viste fotoreproduktioner ikke altid de fin ere enkelt­
h ed er, som kan ses pa origina][otografierne. Disse sidste er til grengelige i 
Danmarks Geologiske U ndersogelses Moselaboratorium. Numrene pa foto ­
graferede pollen er angivet i foreliggende arbejde. Angaende b eliggenheclen a[ 
de forsk ellige dybd eindstillinger (betegnet foe.) i et pollenkorn se fi g. 1 pas. 38. 

D en i n rerv rerende arbejde fremlagt e mikrofossilliste incleholder kun en ringe 
clel af cl et i brunkullene forekommencle mikrofossilmateriale og kan clerfor ikke 
uden viclere benyttes til bedomm else af brunkulsticlens vegetations- eller klima­
forhold. Af de omtalte mikrofossiler er 5 allerede ticlligere funcl et i brunkuls­
gytj e af N . G. LAGERHEIM, Stockholm, og publiceret af N. HARTZ (1909). 

A lnus og Nyssa er nye som poll enfund; m en disse slregter er clog allerecle 
tidligere af HARTZ fundet i brunkul som makrofossil er. H enforelsen af makro­
fossilerne til Alnus er clog blevet draget i tvivl af F. KrncHHEIMER (1938). 
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Helt nye for den danske brunkuls[lora er i hvcrt fald folgende 10 sli,egt er : 
*Carya, cf. * Engelhard Ii a,* I Lex,* Liquidambar, Planera, * Plalycarya, * Plerocarya, 
*Sciadopilys, Sphagnum og * V ilis. 

De med * betegn ede form er er gengivet pa tavlerne. 
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Explanation of plates III-VI. 

P late III. 

Magnification 1000 X . 
Photo-sheet:\" o. Page 
& (photo :\"o. ) 

Fig. 1: Liquidambar sp.; Bj erregarde ........... . ... DGU b 91 
Exine at deep foe. 2; a pore in the centre... . (9,3J) 

Figs. 2-5: 
Fig. 2: 
Fig. 3: 
F ig. 4: 
Fig. 5: 

Vil is sp.; Bj erregardc ....... .. ... .. ...... . 
Exinc near pole at foe. 21 ) .•.•••...•••....• 

Polar area and grain outline in polar aspect.. 
Colpus + pore, equalorial view ............ . 
Pollen grain in optical meridional section 

through a col pus . . . . . . ........... . . . . 

Figs. 7- 10: Sciadopilys cl". verlicillala S & Z. ; Bjcrregarclc 
Fig. 7: Exinc at foe. 0- 1 ...................... . 
Fig. 8: Exinc at foe. 2 .. . .. ........ ........... . 
Fig. 9: Exinc al foe. 5 .... ........ ..... . . ..... . 
Fig. 10: Exine at foe. - 3-- 2 ........... .. . ... ... . 

DGU b 393 
(97 ,5) 
(97,36) 
(40,n) 

(40,17) 

DGG b 183 
(18,30) 
(18, 33 ) 
(18,3J) 
(18,35) 

1) Jn Fig. 2 the finer sculpturin g is much reduced by reproduction. 

Plate IV. 

Magnification 1000 X . 

52 

55 

43 

Photo-sheet No. Page 
& (photo No.) 

Figs. 1-4: Plalycarya spp. ; Bj erregarde. . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 
Figs. 1- 2: Plalycarya, small type ............. . ... . ... DGU b 433 

Fig. 1: Exine at foe. 21) .. .... . ................... (95,30 A) 
Fig. 2: Exine near optical equatorial section, foe . 5 . . (95,32 A) 

Figs. 3- 4: Plalycarya, larger t ype . . . . . . . . . . . . . . . . . . . . DGU b 491 
Fig. 3: Exine at foe. 21)............... . ... . ... . .. (49,s) 
Fig. 4: Exine in optical equatorial section, foe. 5.... (49,6) 

Figs. 5- 7: cf. Enge lhardlia sp . ; Bjcrrcgarcle .... . ..... . . 
F ig. 5: Exinc al foe. 0- 1 .......... .. ............ . 
Fig. 6: Exinc at foe. 2 ( + 1 in centre) ............ . 
F ig. 7: Exine at foe . 5 ( + 2 in cenlrc) ........ .. .. . 

1 ) The dark dols al foe. 2 are ra ther faint in the reproduct ion . 

DGU b 22 
( 2,2J) 
( 2,27) 
( 2,31) 

48 



64 

Photo-sheet No. Page 
& photo No.) 

Fig. 8: Plerocarya sp.; Bjerregarde . . ..... .. . .... ... DGU b 492 46 
Exine in optical equatori al section, foe. 5. . . . ( 49,1s) 

Fig. 9: Cw·ya sp.; Bjerregarde .................... DGU b 202 45 
Exine in optical equatorial section, foe. 5. . . . (21,5) 

Plate V. 

Magnification 1000 X . 
Photo-sheet No. Page 
& (photo No.) 

Jlex spp.; Bjerregarde.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Figs. 1-3: Ilex, type b 2 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • DGU b 102 

Fig. 1: Exine at foe. 1. . . . . . . . . . . . . . . . . . . . . . . . . . . (10,26) 
Fig. 2: Exine at foe. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . (10,21) 
Fig. 3: Exine at foe. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . (10,28 ) 

F igs. 4, 6 and 8 : Ilex, type b 1 . .... . ...•. . ... . ..... 

Fig. 4: L eft: Clavae on an intercolpiurn, oblique and 
partly in profile. 

Centre: transversal colpus fold .. ... . ...... . 
Fig. 6: Pollen in optical meridional section ........ . 
Fig. 8 : Poll en in optical equatorial section .. . ... . .. . 

Figs. 5, 7 and 9: Ilex, type a .... ... .. ... . .... ... . . 
Fig. 5: Small clavae on intercolpium margins (bright) 

and larger clavae in centre of intercolpium 
(bright) ........ . ............... . ... . 

DG U b 152 

(15, 34) 
(15,36) 
(15,31) 

DGU b 924 

(92, 31 A) 
Fig. 7: Small clavae on intercolpium margins at deeper 

foe. ( dark) and larger clavae in centre of 
intercolpium (bright) ................. . 

Fig. 9: Colpus in longitudinal section ...... . .. . . . . . 

Plate VI. 

Magnification 1000 X . 

Figs. 1- 4: Tilia, type a; Soby ... . . .. . .............. . 
Fig. 1 : Exine at foe. 1 ... ..... ........ . . ... . < ... . 
Fig. 2: Exine at foe. 2 a . . .. . . . . . . . ...... . .. . .... . 
Fig. 3: Exine at foe. 2 b .. . .. . ................... . 
F ig. 4: Exine at foe. 5 ...... . ... .. ........ . . .... . 

(93,1 0 A) 
(93,11 A) 

Photo-sheet No. 
& (photo No.) 

DGU b 11 
( 1,23) 
( l ,1 3) 
( 1,14) 
( 1,28) 

Page 

57 

Figs. 5- 6: Tilia, type b ; Soby. . . . . . . . . . . . . . . . . . . . . . . DG U b 921 58 
Fig. 5: Exine at fo e. 2 a ..... . . . . . . . . . . . . . . . . . . . . . (92,12 A) 
Fig. 6: Exine at foe. 2 b- c . . .. . . . . . . . . . . . . . . . . . . . . (92,15 A) 
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1 Liqu idambar sp. 2-5 Vi/is sp . 7- 10 Sc iadopilys cf. verlicillala. 
Explanation see p . 63. 
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1- 1 T'/11!11 1·111·!1' ' ,pp . .-,_7 d. F:nrtrlhordlirt sp. g T' lrrnrr1rw1 sp. fl C:or11r, sp. 
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l•:xpl:inn1 inn srr p . f\4. 
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Tilia spp. l-4 type a. 5-6 type b. Explanation see p . 64. 



Interglacial Pollen Spectra from Greenland. 
By 

MARGARET S. BRYAN 

p. t. Danrnarks Ceologiske Unders0gelsc, 
Charlottenlund. 

Abstract. 
The pollen and spore contents of calcareous concretions from two sites in 

western Greenland have been investigated. The pollen spectra obtained are 
discussed in relation to postglacial and modern plant distribution. The con­
clusion is reached that they represent a flora of interg lacial age. 

It is not uncommon in Greenland to find calcareous concretions contain­
ing fossilized marine animals in moraines situated far outside the post­
glacial ice limit, often high in the mountains. It seems fairly certain 
that these concretions are of interglacial age. On this assumption their 
pollen contents offer an opportunity to study the interglacial vegeta­
tion. Similar concretions are found in the moraines of glaciers moving 
down from the inland ice sheet. The marine clay and shells with which 
they are associated here are undoubtedly postglacial fjord sediments 
(GRIPP, 1932). The possibility exists, however, that the concretions 
themselves are of interglacial age, rebedded from older sediments lying 
farther up the fjords. 

A concretion of each of these types has been analyzed for pollen and 
spores by the author. The first is from Pleistocene or late-glacial mo­
raines at K.apisilik , in the interior of the Godthaab Fjord region (coll . 
Dr. Johs. Iversen, 1937) . The concretion contained the fossilized remains 
of Mallotus villosus, a small fish still to be found in Godthaab Fjord. The 
matrix was dissolved in hydrofluoric acid, and acetolyzed. Very little 
pollen was contained in the sample, but fortunately it was well preserved. 
The sample was divided into two parts, which were analyzed separately 
(Table 1, columns A and B). The first part (column A) was analyzed 
by Dr. Johs. I versen, who has kindly allowed me to use his results. These 
spectra from Godthaab F jord are especially valuable : first , because 
their interglacial origin is fairly sure on geological grounds, and second, 

D G. U. II. rk., nr. 80. 
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because the postglacial vegetational sequence is known for this region 
(IVERSEN, 1954a). The other specimen studied, a concretion containing 
Yoldia hyperborea Loven, is of more problematical origin, as it was found 
upon the ice at Frederikshaab Isblink (material courtesy of Dr. Sigurd 
Hansen, Geological Survey of Denmark, who collected it in 1930 and 
made the identification). The sample was treated with HCl, KOH, 
and HF, and then acetolyzed. The results of the analysis are given in 
column C, Table 1. The pollen percentages in every case are figured on the 
basis of a sum including all tree and herb pollen. The spores of Dryopteris, 
Sphagnum, and the Lycopodiaceae are not included in the sum. 

The samples contained a considerable amount of spruce pollen, which is 
probably Picea mariana (Mill) BSP. A few of the grains could be measured 
and their size compared to spruce in other fossil material treated in the 
same way chemically ; they were found to fall within the size range of a spe­
cies that is presumably Picea mariana in fossil material from George Re­
serve, Michigan (S. T. ANDERSEN, personal communication ; cp. 1954). Since 
this spruce species is dominant at the polar tree limit in Labrador today, 
and is the commonest tree on the peninsula (Low, 1895, HusTICH, 1939) 
it is the species that should be expected in Greenland. It is possible that 
a statistical error entered into the Picea calculations, since, in the absence 
of great quantities of pollen, the small fragments of air bladders were 
also counted. These small fragments, which occurred frequently , were 
arbitrarily reckoned as eight equal to one whole grain. Although it is 
usually possible to distinguish between fragments of Picea and Pinus, 
some may have been misidentified. However, since the fragments account 
for only a third of the Picea percentage, the possible error is probably 
only a matter of a few percent. 

In the sample from Godthaab Fjord Picea mariana makes up 15-20% 
of the total. It is not likely that such large amounts of pollen could have 
been introduced by long distance transport. In postglacial diagrams from 
the same part of Greenland (IVERSEN, 1954) the total of coniferous pollen 
never exceeds 1 or 2 %- Even if the forest limit in Labrador were farther 
north than it is now, it is hardly conceivable that so much Picea pollen 
could have been blown in, especially when Pinus, which is much more 
easily transported (e.g. HESMER, 1933), is found in such small quantities. 
Is is reasonable to conclude, therefore, that Picea mariana grew in Green­
land1) at the time the deposit was formed. 

The sample from Frederikshaab does not present such a clear picture . 
The possibility of long distance transport cannot be excluded here, espe­
cially since there is so much pine. However, the Picea percentage seems 
much too high to be due to pollen from Labrador and adjacent Canada 

1 ) Experiments are in progress to determine whether Picea mariana can now grow in 
Greenland. (Prof. C. A. J0RGENSEN, Copenhagen, personal communicalion). 
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Table 1. 

Species or gen us 

Picea m ariana (1\lill ) BSP ..... . .............. . . 

Pinus . .. . . ... . ........ . .. ........ . . .... ... .. . 
A lnus crispa (A il.) Pu rsh ... . ............ . . . ... . 
Belula (clwarf-Lype) .......... . . .. .. .. . . . . ... .. . 
Sa/ix . .. . .................... ... . .. .. . ... .. . . 
Juniperus ......... . .. . . .. ..... . ..... .. ... . .. . 
E ricaceae ... . .. . . . .. . . . .. .. . . ... . .... .... ... . 

Empelrum . . ..... . .... . . . .... . . ........... . .. . 
Gra mi neac . . .. ... .. ... ... . ... . . ....... . . . ... . 
Cypcraceac ...... . . . .. . . .... . .... . . . .. .... . . . . 
A rlemisia ....... . .......... . .... . . . . . ..... .. . 
Caryophyllaceae .... . . .. ........ . ...... . .. . . .. . 
Compositae (Achillea-type) . . .. . . . . . . .. ....... . . 

Dryas ..... .. ...... ... .. . .... . ........... . . .. . 
Epilobium . .. ..... . ... .. . .. ..... ... .. . .. . . . .. . 
Filipendu/a .. . ... ........ . . ... . . . . . . .. . . . ... . . 
Plan/ago marilima (coll. ) ........ . . .... .. .. . .. . . 
Rubus-t ype . . . . ...... . ... .. .. .. . ... . . . . . . . . .. . 

Rumex acelosel/a-type .. . . ... . .. . .............. . 
Sedum (villosa-type) .......................... . 
Tlwliclrum . ... . . ... .. . . ... ... . .... ... . . ..... . 
Xanlhium . . ......•... . . . ..•.. . .... .. .. . . • . .. . 

Dryopleris Linnaeana . .. . . .. .. . ........... . ... . 
Dryopleris sp ........ . . ... .. ........... . ...... . 

Lycopodium cfr. alpinum/complanalum .. . ....... . 
Lycopodium annolinum ......... . ............. . . 
Lycopodium selago ........ . . .... . ... . . . . .. .... . 
Lycopodium sp ............. ... ... . . . . .. . . ... . . 
Selaginella selaginoides .... . .... . ... . . • . . .. .. .. . 
:iphagrwm ...... . . . . . .. .. . . . .. . ... . . ... . ..... . 

1 ) A na lys is by Dr. Joh s. Iversen . 

Percentage R epresentation 

Godt haab 

% 
20 

18 

36 
1.3 
1.5 
4.5 

11 

0.7 
0.7 
0. 7 

0.7 
0. 7 
0. 7 

2.2 

0.7 
0.7 

4.5 

0.7 

B 

J; 234 

% 
14 

1.3 
27 
~(-; 

1. 7 
0.8 

0.4 

1.7 
10 

2.6 
1.3 

0.4 

1.7 
0.4 

0.4 

0.8 

2. 6 

1.3 

Frederik s­

haab 

C 

J; 292 

% 
5.5 

5.5 
37 
31 

2.7 

0.7 

0.7 
5.5 
7.7 

1.0 

0.3 

0.3 
0.3 

0.3 

2.6 
4.1 

2.6 
4.4 

0.3 
0.3 
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alone; perhaps part of the pollen is wind-blown from spruce growing in 
other parts of Greenland- the Godthaab Fjord region, for example. 
Frederikshaab lies in the coastal zone with low summer temperatures; 
at the time the sediment was deposited, climatic and edaphic conditions 
there may not have been favorable to spruce. The sample contains a fair 
amount of pine pollen - 5 %-However, this cannot be taken to mean that 
pine grew in Greenland at the time. Since pine pollen is so easily trans­
ported by wind, we may assume that the pollen was blown in from 
Labrador and Newfoundland. Finns is now limited to the pergelisol-free 
soils of southwestern Labrador (HusTICH, 1939) , but under milder climatic 
conditions it would undoubtably occur farther north, and thus nearer 
Greenland, than it does today. 

The problem of the identification of the fossil Alnus to species was 
approached by a study of pore-number frequency distribution. In both 
the samples about 10 % of the alder pollen was 6-pored, 65 % was 5-pored, 
and 25 % was 4-pored. The pollen of American and European boreal spe­
cies was studied for comparison (see Fig. 1. and Table 2.). Histograms 
have been drawn giving the mean distribution in several individuals (where 
possible, fossil material of a single species was used, as it represents the 
average of a large number of individuals). Six-pored grains are never or 
very seldom found in A. rngosa var. americana, A. serrulata , A. incana 
and A. glntinosa. Material of A. viridis (Chaix) Lam. and DC had a few 
percent six-pored grains, but the percentage of 4-pored grains also is 
lower than that of the fossil material. The pore-number frequency distribu­
tion of Alnus crispa (Ait.) Pursh, the species now found in Greenland, 
however, corresponds almost exactly to the Alnns from the concretions. 
It is clear that the alder pollen represents a pure population of Alnus crispa. 

High Alnns frequencies (25 %) characterize the postglacial climatic 
optimum in Greenland (IVERSEN, 1954). Here, however, Alnus is even 
more common, making up about 30 to 35 % of the total, and thus indicat­
ing a climate considerably warmer than that of today. 

In both the samples Betnla makes up 30 to 35 % of the total. Was 
this important element shrub-like or arborescent? The identification of 
B etiila pollen to species is extremely difficult, and attempts at size fre­
quency distribution statistics are not always conclusive, as the species 
may have very similar pollen. Statistics are especially difficult to work 
out for Greenland material , because the taxonomic picture is so confused. 
However, in the sample from Frederikshaab all Betnla pollen grains (52) 
which had not been crushed or distorted were measured. Alnns (64 grains) 
was also measured to give a standard for comparison. The ratio of B etnla 
to Alnns crispa was calculated to be 1.10. In order to use ENEROTI-I's 
careful measurements (1951) to calculate modern Betnla-Alnns crispa 
ratios , Alnns crispa (Ait.) Pursh from three localities was prepared in an 
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l1lnus serrulaia WilU. 
995 grains, 2 coll. modern, mai:eria.l 

J/lm.J,s rugosa var. ameri_c=(Re.gd)F'em. 

327 grcuns, J coll. receni ma£. 

Rhws gu..dinosa (L.) Gaerfo. 
JOO grains, fossil mai. (.Dervnark) 

Rlnus viridis (Chaix.} Lmn. cmd DC 
50'! grains, 2 coll. recent mai. 

llLrw.s crispeu (fl.ii.) P1.1,r.sh. 
2136 grains, 't coll. recent mai. 

Rbws crispa (flit.) Pw:sli 
100 grai.n.s postgl.a.c.i.al fossil mat. 
(Greerw:md) 

Rln.w from Frederikslw.a.b amcre/.ion 
/02 grains 

lilm.ts from Godth.aabs(jord concreLwn 
62 grains 

F ig. 1. Al!ws, pore number frequency di stribution (percentages). 

identical way and measured (see Table 2). The rat ios were then calculated 
for t he Betula species now found in Greenland: B. nana to A. crispa, 1.10 ; 
B. glandulosa to A. crispa 1.15 ; B. pubescens var. tortuosa t o A . crispa 
1.47. Admittedly the amount of fossil material measured is rather small, 
but it is nevertheless conclusive that the fossil Betula is of the dwarf 
birch variety1 ) . The arborescent birch, B. pubescens var. tortuosa, which 
is found in South Greenland today, is not r epresented here. 

1 ) The Am erican boreal tree birches, B. lulea and B. papyri{era, have larger pollen than 
B. glandu losa. (S. T. ANDERSEN, personal communication). 
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Salix is not an important element in the spectra, never reaching values 
higher than about 3 %- Although identification to species is difficult, it 
can safely be said that the Salix present here is not Salix herbacea L. 

A single Dryas grain was found in the sample from Frederikshaab. 
Dryas is fairly common in Greenland today, preferring basic soils. Its 
pollen has been found in postglacial deposits (IVERSEN , 1954). Since Dryas 
is not a heavy pollen-producer, it may have been fairly plentiful near the 
site. Its presence indicates an open vegetation, and perhaps is evidence 
that soils were not strongly leached. 

The presence of Filipendula in the sample from Godthaab Fjord is 
extremely interesting, since the plant is no longer found in Greenland. 
The relationships of Greenland's flora have long been discussed on the 
basis of present floral distribution. The present study of fossil material 
seems to indicate that Greenland has been a meeting ground for European 
and American types throughout the Pleistocene. Picea mariana is a part 
of the American element which had reached Greenland; Filipendula is 
European. The latter is common as an element in late-glacial pollen dia­
grams in Europe, where its maximum occurs just at the transition between 
park-tundra and forest (VAN D. HAMMEN, 1951; IVERSEN , 1954 b).It now 
ranges in subalpine forest regions of the Scandinavian peninsula, occa­
sionally going above timberline (BLYTT, 1906). Its presence in the Godt­
haab flora fits in well with the general picture of a subarctic vegetation. 

The ocurrence of a single Xanthium pollen grain in the Frederikshaab 
sample1 ) is indeed strange. It is not easy to imagine such a warmth­
demanding plant in Greenland. Since the flowers are wind pollinated, 
however, it seems likely that the pollen was blown in from America. It 
seems a foreign element here in an otherwise natural and homogeneous 
flora. 

There can be little doubt that the sample from Godthaab Fjord dates 
from interglacial time. It also seems reasonable to conclude on the basis of 
the rather high percentages of spruce and alder, and the resemblance of 
the flora to that from Godthaab Fjord, thattheFrederikshaab concretion, 
too, is of interglacial age. The general impression given by the pollen 
spectra from the Godthaab Fjord sample is of a semi-closed vegetation 
with thickets of alder and dwarf birch. On the high plateau conditions 
were too cold for tree growth; but the slopes down to the fjords , while too 
steep for heavy forests, supported scattered spruce. The flora was pre­
dominantly subarctic and included elements no longer found in Green­
land. 

The occurrence of warmth-demanding plant species indicates that the 
climate has been at any rate as warm as in the post-glacial warmth 

1) Photographs of the Xanlhium pollen is to be found in the photograph collection of 
the Geological Survey of Denmark (DGU a 953). 
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Table 2. 

A. Alnus pore number frequency distribution: 

Spec i es I I I ?- I 
3

- I 
4

- I 
5

- I 
6
- I 

7
-pored pored pored pored pored pored 

Alnus crispa (Ait.) Pursh 

a. Greenl and (exact location unkno,Yn) 499 1 97 348 53 1 
b. Disko, Greenland .... .. ........ . .. 650 1 18 403 227 1 
c. Langames, Arsukfjord , Greenland . 452 1 10 169 256 15 1 
cl . F isker mes Fjorclen, Greenland ... .. 535 1 6 107 390 30 1 

Foss il A. crispa 
a. Postglacial of K apisili k, Greenlancl1) 100 23 66 11 

Foss il Alnus glulinosa (L.) Gaerln. 
a. Post glacial (Zone VI[) of Horbelev, 

F a lster, Denm ark2) ••• .. •••• .• • . 100 56 43 1 
A. incana (L) Moench3) 

a. Zealand, Denmark ........... . .. . . 206 2 100 10-l 
b. near Oslo, Norway .. .... . ......... 283 5 226 52 
c. Soclermanlancl, Sweden . . .......... 326 100 219 7 

11. rugosa var. americana F ern . 
a. New England, U.S.A ......... . .. . . 327 4 253 69 1 

A. serrulala " ' il lcl. 
a. Pennsylvania , U .S.A . ... . .. ..... . . 472 1 330 141 
b . North Carolina, U.S.A ............ 523 360 163 

A. viridis (Ch a ix) Lam. & DC 
a . Switzerland ... . ... ...... .... . ... . 235 30 196 9 
b . Ty rol , A us tria ... .. ... . . .... .. . ... 269 29 232 8 

Fossil A lnus 
Godthaab F_jord, Greenland ...... . . .. 67 18 45 4 
Freclerikshaab Isblink , Greenland .. . .. 102 25 69 8 

B. Modern Alnus crispa size frequency distribution: 

110. of ocula r Jines av. 

I (cl = 2.86 µ) size 

5 6 7 8 9 µ 

A lnus crispa (A it. ) Pursh 
a. Goclthaab Fjord , Green land .... . ... 108 15 47 40 5 1 18.05 
b. lvi glut, Greenland . . .. .. . .. . .. . ... 100 14 59 25 2 17.59 
c. Ontario, Canad a .. ............ ... . 100 10 65 25 17.59 

1 ) Sample co urtesy of Dr. Johs. Iversen, Geological Survey of D en mark. 
2) Sample co urtesy of Mag. Sci. Alfred Andersen, Geological Survey of Denmark. 
3) No histogram was drawn for thi s species b eca use of the ex treme vari ability of the 

individuals studied, which were probably not from natural locali ti es. 
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period ; this is in agreement with interglacial climate e. g. in Denmark, as 
described by K NUD JESSEN (JESSEN & MILTHERS , 1928). 

Of course it is hazardous to generalize too much on the basis of such 
a small amount of material. But in summary, it may be said conclusively 
that: 

1. The calcareous concretions do not date from postglacial time, but 
have been rebedded from older, interglacial sediments; 

2. During interglacial t ime the climate was warmer than today; 
3. In interglacial t imes t he flora of Greenland included genera no 

longer found there; among these are elements from both the 
European and American continents. 

Thi s work has been done at the Geological Survey of Denmark , at which I had 
lhe privilege to study under the guidance of Dr. Johs . I versen. I wish to t h ank D r. 
Iversen and Dr. H. 0dum , Direktor of t he in st itute, [or the hospitality I have r eceived. 

Dansk resume. 

Pollenindholdct af to kalkkonkrelion er fra Gronland er undersogt. Rigeli g 
tilstedevi£relse af Picea godtg0r, at de er af interglacial alder. Pollenspektren e 
giver et indtryk af Grnnla nds vegetatio n og klimatiske forhold i interglacia l 
tid: klimaet var varmerc end i nutiden, og flora en b ar indeholdt arter fra baad e 
Europa (Filipenclula cf. ulmar ia) og Amerik a (Picea mariana (Mill) BSP), som 
nu er udd0dc pa Gmnland. 
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The Late-Glacial Flora of Ireland 
By 

G. F. MITCHELL. 
Trinity College, Dublin. 

Abstract. 

The paper lists approximately one hundred and twenty plant-fossils which 
have been identified in late-glacial deposits in Ireland. The plant-lists from four 
Irish late-glacial localities are described in detail. These lists are compared with 
lists drawn up in 1950 at three localities in Swedish Lapland at 68° N. 

Ever since the systematic collection and identification of plants in t he 
field began in Ireland in the eighteenth century, botanists have wondered 
at the presence of plants of northern affinities in an island that is almost 
free from frost and snow. EDWARD FORBES in his classic paper of 1846 on 
the Fauna and Flora of the British Isles was the first to bring these 
speculations into academic form. By the early years of this century Robert 
Lloyd Praeger had realised that study of the plant fossils in Irish bogs 
and lakes would throw much light on the problem, and he brought 
together a reference collection of the seeds and fruits of all the plants 
in the modern Irish flora. The collection now in the herbarium of the 
National Museum is a witness to his foresight. KNUD JESSEN was the 
first to carry out a systematic search for plant fossils of quaternary age 
in Ireland, and the zonation of the late-glacial deposits and the list of 
macroscopic plant-fossils, which he contributed to his joint paper with 
FARRINGTON on 'The bogs at Ballybetagh near Dublin , with remarks on late­
glacial conditions in Ireland' published in 1934, have proved to be the 
foundation-stones on which our knowledge of late-glacial conditions in 
Great Britain and Ireland has been built. Continued study of late-glacial 
plant-fossils in Ireland has lengthened the list of identifications, and the 
list and its implications will be discussed in this contribution. Discussion 
at this stage must , of course, be unsatisfactory, because much more 
material still awaits collection, and many of the fossils secured have 
eluded identification. 

The list as published here is almost identical with the list already 
published (MITCHELL, 1953). As before, Polygonum amphibium is omitted 
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PTERIDOPIIYTA 

EQUISETACEAE 

2 Equiselum sp. (Sp) .... ... .... . rr 
!SOETACEAE 

1 Isoeles lacuslris (Sp) .......... * 
LYCOPODIACEAE 

2 Lycopodium selago (Sp) ... .... * 
0PHIOGLOSSACEAE 

1 Bolrychium sp. (Sp) ........... IT 

POLYPODIACEAE 

4 Polypodium uu lgare (Sp) .. .. .. * IT 

SELAGII\ELLACEAE 

5 Selaginella selaginoides (Sp) . . . * rr 
GYl\INOSPERMAE 

CuPn ESSACEAE 

9 J uniperus communis . .. ..... . . * IT C r + r !' 

ANG IOSPEHMAE 

BETULACEAE 

6 Belula nanc1. ... ...... .. ..... * cc IT IT 

3 nan a x pubescens . .. .. ... 

7 pubescens .. ..... . .... . * IT + + r 

CALL ITHICIIACEAE 

1 t Callilriche aulumnalis ........ * rr + 
1 t slagnalis . ........... . ..... * IT 

CARYOPIIYLLACEAE 

7 Arenaria ciliala ... .. . .. .. ... . * rr IT + C C r 
2 Ceraslium aruense . .. ... . . .... * IT rr + 
2 cf. cerasloides . ..... . .. * rr IT 

4 uulgalum .......... * IT rr rr IT 

2 Lychn is flos -cucu li . ........... * IT + 
1 Melandrium rubrum . ... .... . . * rr 
3 Minuarlia slricla . . ... . ....... * IT r 
2 Silene cucubalus . ............. * IT cc 

1 acaul~ - - . ............. * r 
1 Slellaria cf. crass ifolia . . ...... * r 

CHENOPODIACEAE 

1 Alriplex glabr iuscula ... . .... .. * IT 

1 haslala ... ....... . ... * IT 

1 cf . pa l u la ... . ........ * 
2 Chenopodium rubrum . .. . .... . * !' + 
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C ISTACEAE 

3 Helianihemum canum ..... .... * r 
COMPOSITAE 

3 Arlemisia sp . (P) .. ..... ....... r + 
1 Crepis cf. paludosa ... . ....... * IT 

1 Hieracium sp .... .... ...... ... rr 
1 Taraxacum o{{icinalis agg ..... * rr 

CRASSULACEAE 

1 Sedum cf. rosea (P) . . . . . . . . . . . r 
CRUCIFERAE 

1 Arabis hirsula . . .. ... ..... . .. * IT 

1 cf. slricla .. . ........... 
3 cf. Cardaminopsis pelraea . . ... * IT rr + 
5 Cochlearia o{ficinalis agg ...... * C r + + 
3 Draba incana ... . ....... . .. .. * r r rr 
1 Naslurlium microphyllwn . . . ... rr 
1 Rorippa islandica . .... ...... . * r 

CYPE HACEAE 

2 Carex panicea . .... . .... ... .. * r 
8 roslrala ......... .. ..... * + 
1 Eleocharis mullicaulis . ........ * 
2 ·r paluslris .... .. .. . . . * 

I 
r 

1 t uniglumis . . ... . ... . * rr 
8 "i' Schoenopleclus lacuslris . ...... * r 

I 
rr r rr 

DIPSACACEAE 

1 Succisa pralensis (P) . . ........ * I 
£MPETHACEAE 

7 Empelrum nigrum . .... . ...... * r rr rr rr 
EHICACEAE 

1 Erica lelralix . . ... . .... ..... . * 
I-IALAGORACEAE 

11 "i' Myriophyllum allerniflorum . .. * r + r 
4 t spicalwn .... ... * + 

l-IIPP UH IDACEAE 

8 t Hippuris vulgaris ............ * r r r rr 
J uxCACE AE 

1 Luzula cf. mulli{lora ...... .... * IT 

2 spicala ............ ... * l'l' rr 
LAB IATAE 

1 Acinos arvensis .. . . . . ..•..... * rr 
1 Clinopodiwn vu/gore ......... * r r 
2 Lycopus europaeus . .. . . ...... * IT rr 
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LINACEAE 

2 Linum calharlicum . .... .... .. * r rr 

MENYA:-STHACEAE 

11 t Menyanlhes lri{oliala . . . .... .. * rr + 
NYMPH AEACEAE 

1 Nymphaea alba . . .. . . . . . ..... * 
0NAGRACEAE 

2 Epilobium sp . (P) ............. 

PAPlLIONACEAE 

1 As/raga/us alpinus (P) . . . .. . .. * rr 

PLANTAGINACEAE 

5 t Lillorella uni flora . ..... . . . ... * r rr r IT 

1 P lan /ago marilima (P) . . ... ... * rr 
PLUMllAGlNACEAE 

5 Armeria m ariiima ... . . ....... * C C C 

POLYGONACEAE 

2 Oxyria digyna . . . ....... . .. . . * IT cc 
1 Polygonum nodosum ...... .. .. * 
7 Rumex acelosa ....... . ... .. .. * rr rr IT rr cc 
1 acelosella . .. . ....... . . * r 

1 crispus ..... . ......... * rr 
4 lenuifo/ius ......... . ... r + C r 

PORTULACEAE 

1 Monlia lamprosperma .. . .... .. * 
POTAMOGETO:-SACEAE 

2 t Polamogelon alpinus . . . . . . . . . * + 
1 t crispus . ..... ........... .. * r 

3 t {ili{ormis . ........ .. ...... * + r 
1 t fries ii . ..... . .. ..... .. .. . . * C 

1 t cf. gramineus ... . ......... * rr 

6 t nalans .. . . . . ............. * C r r IT 

3 t oblusifolius . . ............. * + rr C 

1 t pectin al us . . .. . .• .. ....... * r 

2 t per{olialus ......• . ... . .... * IT + 
5 t praelongus . ....... .. ...... * rr C IT 

2 t pusillus ...... . ........... * rr + 
1 t cf. x z iz ii . . .... . ... . ..... * r r 

RANUNCULACEAE 

2 Cal/ha paluslris . ..... . . . ..... * + 
5 Ranunculus acris ... . ....... .. * r + r 

14 sub-gen. Balrachium .. . . . ... . . . r C cc + cc r cc 
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10 R anunculus flammula ......... * r r r 

1 lingua . ...... . .. . * 

8 repens . ....... . .. * r rr + r + IT 

3 cf. rep/ans ........ * + 
2 sceleralus . . . ... . . . * 

8 Thaliclrum alpinum .. .... . ... * rr rr r + 
1 minus ....... . .. .. * 

RO SACEAE 

3 Dryns oclopelala ........ ...... * + r + 
3 Filipendula ulmaria ... ....... * 
1 Ceum riuale or urbanwn .. . .... . rr 

3 Polen /ilia anser ina . .... . ..... * r 

1 erecla .... . .. .. . . . . . * IT 

9 paluslris . . . . . ..... . * r rr + r 

1 Rubus cf. saxalilis . ... ........ * IT 

RuBIACEAE 

1 Calium uliginosum .. . . . . . . . . . * 
1 verum . . . . . . . . . . . . . . * rr 

SALICACEAE 

1 Sa/ix cf. aurila .......... . ... * rr 

14 herbacea . .............. * rr IT r cc r cc cc C 

2 cf. phylicifolia .. .. . . .... * r rr 
1 repens .. . ... .. .. . . .. . .. * + 
1 viminalis . ............. * C 

SAXIFRAGACEAE 

1 Saxi{raga cespilosa or rosacea .. * 

1 opposilifolia . . . ..... .... ... * rr 

2 cf. rosacea ... . .... ... .. .... + 
2 sp. Sect. Dactyloides . ...... * r r 

SPARGANIACEAE 

2 Sparganium angusli{olium ... * 
2 t minimum ....... . . . .. . . . .. * rr 
1 ramosum ssp negleclum .. . .. * 

UMBELLIFERAE 

3 Angelica sylueslr is .... . .. ..... * 
VIOLACEAE rr 

8 Viola paluslris s. I. ....... . .. . * rr r r + 
ZANNICHELLIACEAE 

t Zannichellia paluslris var. pedun-

I 5 culala ....... . . . . ........ * r I rr 

N umb er o f s p ecies identified with 1 3 14 39 25 23 44 24 34 
reasonable certainty (marked 

thus *) .. .............. . .. 105 
N umber of gen era identified . .. 70 
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because it is not precisely dated; Car ex aquatilis or bigelowii (II), Carex 
cf. pilulifera (III) , Epilobium sp. (II) , M entha sp. (II , III) and Stellaria 
sp. (III) are omitted because the identifications are not precise. Gra­
mineae are also omitted because in most cases the identification cannot 
be carried beyond that of the family. It should not be overloooked that 
grass-pollen is common in all three late-glacial zones, and in Zone II 
contributes up to 66 % of the total pollen of all terrestrial plants. Succisa 
pratensis, omitted in error from the previous list, is now included; Hippo­
phae rhamnoides , formerly included, is omitted as there is no evidence 
that the very few pollen-grains of this plant that have been found ori­
ginated in the country. Pinus sylvestris is also omitted for the same 
reason. In the list the symbol P or Sp follows the name of all plants 
whose identification is based on pollen or spores only. 

Late-glacial material has been collected at nineteen localities, and the 
column to the left of the list shows the number of localities at which each 
plant has been recorded. From some localities only small amounts of 
material were taken, at others the deposits were reasonably well sampled. 
Four of the latter localities have been chosen, and in the columns to the 
right of the list an attempt has been made to indicate the relative propor­
tions of the identified material collected from each late-glacial zone. The 
key to the symbols used is as follows: 

rr = 1- 2 specimens, r = 3- 5 specimens, + = 6-25 specimens, c = 
26- 50 specimens, cc = more than 50 specimens . 

The nomenclature used is that of the Flora of the British Isles (CLAP­
HAM et al. 1952). 

When we consider the vicissitudes that plant material had to sur­
mount before it could become fossilised, we can conclude that any plant 
that was recorded at five or more of the localities must have been widely 
distributed in late-glacial Ireland. Thus most of the late-glacial ponds 
and lakes would have had Myriophyllum alterniflorum, Potamogeton 
natans, P. praelongus and Zannichellia palustris var. pedunculata growing 
in them. In the shallower water and round the margins Carices (including 
C. rostrata), H ippuris vulgaris , Littorella uniflora, M enyanthes trifoliata, 
Potentilla palustris , Ranunculus sub-gen. Batrachium, R. flammula, 
Schoenoplectus lacustris and Viola palustris would have been growing. 
Grassy meadows must have covered much of the drier ground, with 
Ranunculus acris , R. repens and Rumex acetosa scattered through the 
grass . On rocky or steeply sloping ground there would have been scattered 
plants of Arenaria ciliata, Armeria maritima, Cochlearia officinalis, and 
Thalictrum alpinum. It is more difficult to assess the status of the woody 
plants; Betiila pubescens would have sought the more sheltered 
localities, but B. nana and Juniperiis communis would have been 
widely distributed. Empetrum nigrum may have formed closed heaths, 
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especially in western regions, and Salix herbacea (which must have been 
very widely distributed) was probably concentrated in the snow-patches. 

Salix herbacea was recorded at no less than fourteen of the nineteen 
localities , whereas Dryas octopetala was recorded at only three. JESSEN 
was thus fully justified in speaking of Upper and Lower Salix herbacea­
clays in Ireland, rather than of Upper and Lower Dryas-clays as is the 
usage in Denmark. 

The four localities listed in detail all lie in eastern Ireland. Knocknacran 
Td. , Co. Monaghan (MITCHELL, 1951 & 1953, No. 63) lies at an altitude 
of 60 m. The underlying rock is a Triassic marl with beds of gypsum. 
The thin overlying boulder-clay has been carried in from the north and 
is relatively non-calcareous. The lacustrine deposits from which fossils of 
Zones I , II and III were obtained are calcareous, and the calcareous 
nature of the deposits contrasts with the somewhat calcifuge aspect of 
the flora collected. Dryas octopetala was not recorded, one seed of Luzilla 
spicata was found together with two other seeds less certainly referred to 
L. multiflora. Rumex acetosa, acetosella and tenuifolius were all present, 
though Oxyria digyna was not recorded. Five species of Caryophyllaceae 
were noted. Radio-carbon dating has given an age of 11 ,310 ± 720 years 
to the deposit of Zone II (LIBBY, 1952). 

Mapastown Td., Co. Louth (MITCHELL, 1953, No. 97) lies at an altitude 
of 30 m. The underlying rock is a Silurian slate, and the superficial de­
posits are outwash gravels containing slate, limestone and igneous rocks. 
The lacustrine deposits from which fossils of Zones I , II and III were 
obtained are calcareous, and calcifuge plants were not prominent. This 
was a very favoured locality. In late-glacial time gravel ridges must have 
formed ideal habitats for many plants, and the pools which separated 
the ridges easily trapped the plant fossils. Only one seed of Rumex acetosa 
and two of R. tenuifolius were found. On the other hand there were leaves 
of H elianthemum can um and Dryas octopetala and seeds of Lin um cathar­
ticum. At this site only two Caryophyllaceae were recorded; Arenaria 
ciliata was common, but Silene cucubalus was represented only by two 
seeds. (It may be noted that Arenaria ciliata was widely distributed in 
late-glacial Ireland, being recorded at seven localities-to-day it is found 
at one locality only). 

Ballybetagh, Co. Dublin (JESSEN & FARRINGTON, 1936, MITCHELL, 
1953, No. 19) lies at an altitude of 220 m. Here there is a steep-sided 
glacial drainage channel cut through granite of Devonian age; calcareous 
boulder clay lies on the floor of the channel. At this site there was no 
fossiliferous deposit of Zone I; fossils were collected from a calcareous 
lacustrine mud of Zone II, and from a solifluction deposit without, or 
very poor in, calcium carbonate of Zone III. Here the flora lacked any 
definite stamp. One damaged perianth of Oxyria digyna was found, one 



80 

perianth of Rurnex acetosa and several fruits of Rurnex tenuifolius. Dryas 
octopetala was not recorded, but a crucifer that was almost certainly 
Cardarninopsis petraea, and the labiates, Acinos arvensis and Clinopodiurn 
vulgare, suggested calcicole conditions. Six species of Caryophyllaceae 
were noted; of these M elandriurn rubrurn occurred only at this site. 

Drumurcher Td. , Co. Monaghan (MITCHELL, 1951 & 1953, No. 64) lies 
at an altitude of 90 m. The underlying rock is a Silurian slate, and a non­
calcareous outwash gravel lies in a valley at the foot of a rock slope. 
During Zone III pools formed on the surface of the gravel , and plant­
fossils were collected from the non-calcareous muds of the pools. The 
flora was calcifuge. Almost one hundred perianths of Oxyria digyna and 
two hundred perianths of Rurnex acetosa were found, Rumex tenuifolius 
and Luzula spicata were present, but only thirteen fragments were as­
signed to Dryas octopetala. Eight types of Caryophyllaceae were noted ; 
of these Silene cucubalus was especially common, andArenariaciliata rare. 

Of the plants in the main list the identification of one hundred and 
five species has been taken as sufficiently precise to allow the geographical 
distribution of these plants to be considered (in the list these plants are 
marked by an asterisk) . The plants have been classified according to the 
system used by HULT.EN in his Atlas over vaxternas utbredning i Norden , 
and the classes employed and the numbers of plants assigned to them 
will be found in a table on page 84. 

As many of the land-plants whose fossil remains have been discovered 
in late-glacial deposits in Ireland must have grown on well-drained 
slopes, when in Swedish Lapland in 1950 I took opportunity with Pro­
fessor A. R. CLAPHAM of the University of Sheffield to study the vegeta­
tion of some well-drained slopes. The localities were all at 68° 25 N , 
but varied considerably in height and substratum. At Kapparasen there 
was a calcareous morainic slope facing south at an altitude of 480 m; 
at Katterjokk there was a non-calcareous morainic slope facing east at 
an altitude of 520 m.; in the Kappasjakk valley west of the summit of 
Nuolja there was a non-calcareous morainic slope facing south-east at an 
altitude of 760 m. The following list shows the plants that were noted 
by Professor Clapham. Again the plants whose identification was suffi­
ciently precise to allow them to be classified geographically are marked 
with an asterisk, and the classes emp,loyed and the numbers assigned 
to them will be found in the table on page 81-82. 

To compare the vegetation of these modern slopes in Lapland with the 
vegetation of the slopes of late-glacial Ireland the list of plants recorded 
at the four chosen localities was taken, and from the list plants that grow 
in water or in very wet places were excluded. The excluded plants are 
marked t in the list of Irish late-glacial plants. Sixty-three plants re­
mained and these have been classified in the same geographical manner. 



List of plants recorded on moraini c 
slopes in Lapland 

PTERIDOPHYT A 

EQ U JSETACEAE 
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Equiselum aruense . . .. .. ... . . . ... • . ... * 
paluslre .. . . . ...... .. ... . .. * 
pralense .... ... . ....... . .. . * 
variegalum .. . . .. . ... . .. . ... * 

LYCOPODIA CEAE 

Lycopodium a/pin.um .. . .. .. . .. . . .. . . . * 
S E LAGI NELLA CE AE 

Selaginel/a se/aginoides .. . . . ... .. .. .. .. * 
G Y MN OSPERMAE 

C U PRESSACEAE 

Juniperus communis ... . . . . ... . ....... * 
A N GJOSPERMAE 

B E TULA CE A E 

Belula nana . . .. .. .... ..... . . .. • . . ... * 
pubescens . .... .. ..... ... ...... * 

CAMPAN U LACEAE 

Campanula rolundi{olia .. . .. ... . ...... * 
CARY O PHYLL ACEAE 

Cernslium alpinum . .. .. . . ......... . . . * 
cerasloides . .. . . .. . ..... . ... * 

Minuarlia bi{lorn ......... ... .. . . . ... * 
sp .. .. ...... . . . . . .. . ...... . 

Silene acaulis .. . ....... . .. . .... ... . .. * 

Viscaria alpina .. . . . .... . . ..... .. . . . . * 
CoMPOSITAE 

Anlennaria alpina . . .. .. . .. . .. . .... . .. * 

Erigeron acris var. polilus . ... . . . . . .... * 
Gnaphalium supinum .. . .. ... . . . ...... * 

Hieracium alpinwn . . ...... . ..... . .... * 

sp .. . ....... . . . .. . . . .... .. . 
Saussurea alpina . . ..... .. .. .. . ... . ... * 

S o/idago uirgaurea .... . . . .. . . .. . ...... * 
Taraxacum cf. croceum . . .... . . .. .. .... * 

of{icinale . . ... . . .. ... . .... * 

CRUCIFEHAE 

Cardamine be/lidi{olia .. . .. .. .. .. .. . . . . * 

Draba cf. rupeslris . ... . ...... . ....... * 
CYPE HACEAE 

Carex bigelowii .. . . .... . .. . .. . . .... . .. * 
curia .... . ....... . ... .. ........ * 

capillaris ...... . . . . .... . .... ... * 
dioica . . . . . ... . .... .. . . . . ...... * 

D. G. U . II. rk. , nr. 80. 
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juncella . ....... . .............. * 
/achenalii .. .. .. .. ..... . ........ * 
norvegica .. .................... * 
rupeslris . ...... . .... .. ......... * 

Kobresia myosuroides .. . .. . ..... . ..... * 
EMPETHACEAE 

Empelrum hermaphrodilum . ........•.. * 
EHICACE AE 

Cassiope hypnoides . . ....... . ... .. ... . * 
Loiseluria procumbens .... . ........... * 
Phyllodoce coerulea .. .. . .. . . ...... .. .. * 

G E HANIACEAE 

Geranium sylvalicum .. ....... . .. ..... . * 
GRAMI N EAE 

Agropyron laliglume . . . . . . . . . . . . . . . * 
x caninum .. ..... . 

Anlhoxanlhum odoralum . ......... . . ... * 
Calamagroslis neglecta ....... .. . ...... . * 

purpurea . ........ . ..... * 
Deschampsia alropurpurea ..... . .... . .. * 

flexuosa .. . .. .. . .. .. .. .. . * 
Fesluca ovina. . .... . ... . ........... * 

vivipara . . ................... . 
Phleum commulalum. . .. . ....... . . . .. * 
Paa alpina ..... . . . .. . .....•......... * 
Triselum spicalum .. .. . ... . .. . . .. . .. . * 

JUNCACEAE 

Juncus arclicus .. . .. ... . .. . .......... * 
filiformis . .. . . . .. . ......... . .. * 

lrifidus .. .... . . . .. . . . .... . ... * 
lriglumis . .. . . ................ * 

Luzula spicala ....... . . . .. . . .. .... . . . * 
LENTIBULAHIACEAE 

Pinguicula alpina .... .. . ............. * 

LILIACEAE 

Tofieldia pus ilia.... . . . .•........... * 
0NAGHACEAE 

Epilobium anagallidifolium . . . . . . . . . .. . * 

PAPILIONACEAE 

As/raga/us alpinus . ... . .. . .... . ..... . * 

frigidus ..... . .. . ....... . . * 
PAHNASSIACEAE 

Parnassia paluslris ..... . . . ........ . .. * 
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POLYGO:\'ACEAE 

Oxyria digyna . . .. ..... . . . ....•. . ... . * 

Polygon um viviparum . . ... ....... ..... * 
Rumex acelosa ... .................... * 

RANUNCULACEAE 

Callha paluslris........ . . .... .. ... . . * 
R anunculus acris ...... ... . . . . . .... . .. * 

glacial is...... . . . . . . . . . . * 
Thaliclrum alpinum.. . . . . . .. . .. ... .. * 
Trollius europaeus ..... . ..... . . . . ..... * 

Ro s ACEAE 

Dryas oclopelala .. . ...... ...... .. . .. .. * 

Polen/ilia cranlzii . .. . .. .. .... . ... . .. . * 
paluslris . ......... . .... . .. . * 

Rubus saxalilis . . .. . .. . . .. . ... . . ..... * 
Sibbaldia procum bens .. . .... . .. . . . . . .. * 

SALI CACEAE 

Sa /ix glcwca .... . . . ... . .... • ... . .... * 
has/a/a . ....... . ..... .. .... . ... * 
herbacea. . . . . . . . . . . .. . .... . .. . * 
lanala ... ....... . ... . ......... . * 

x has/a/a .......... . ...... . 
lapponum . . ..... . ..... . .... . ... * 
myrsiniles ..... .. .. . . ... . . .... . . * 
phylicifolia . ..... . . ...... . ...... * 

x glcwca . . . ... .. ..... . 
Sa /ix reliculala .... .... . .... . . ........ * 

SAXJFRAGACEAE 

Sax i{raga aizoides ................ . .. . * 
opposili{o/ia ... ....•.. . . ... . * 

ScnOPHULAR I ACEAE 

Barlsia alpina .......... . .......... .. * 
Euphrasia {rig ida . .......... . .. .... .. * 

Veronica alpina . . ..... . ... .. . . . . ... . . * 

UMDELLIFERAE 

Angelica archangelica . . . . . .......... . . * 
VACCINIACEAE 

Vacc inium myrillus .... . . . .... .. ..... * 
uliginosum .............. . . * 
vilis-idea . .. . .. .. ........ . . * 

VIOLA CEAE 

V iola bi flora ......... . .... . . .. ... ... * 

N umb er of sp ecies identified with reasonable I 
certainty (m arked thus *) . . . ... . .... 91 I 
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Thus the following table shows the groups into which the plants were 
classified. The column to the left of the list shows the way the ninety-one 
plants recorded on the slopes in Lapland are distributed through the 
groups . The first column on the right shows the way the one hundred 
and five plants recorded in late-glacial Ireland are distributed, and the 
second column on the right shows the way the sixty-three plants of 
Irish late-glacial slopes are distributed. 

Modern Late-G I acial L a te-Glacial 
Lapland Ireland Irish 

Slopes Slopes 

1 Arctic circum-polar - -

49 Arctic-montane, including m ountain s of E urope 15 13 

5 Arctic-montan e, excluding mountain s of E urop e 1 1 
13 Borcal-circumpolar 31 13 

12 Boreal-montane 10 5 

- Circum-polar shore and sub-oceanic 2 1 

5 Eurasiatic s. I. 24 17 

- Atlantic a nd sub-atlantic 7 1 

- \Nest European conLinental 1 1 
- Continental 3 3 

2 Sea ttered areas 2 1 

2 Culture 8 7 

1 Endemic - -

1 Not classified 1 -

91 105 63 

The table, of course, emphasises the fact that there was an important 
arctic-montane element present in the Irish late-glacial flora. This element 
is under-represented in the table because several plants such as Poly­
gonum viviparum and Saxifraga aizoides which were noted on the Lap­
land slopes still grow in Ireland, even though their fossil remains have 
not yet been discovered in Irish late-glacial deposits. But it also makes 
it clear that other elements which are less strongly represented on the 
Lapland slopes to-day were present in late-glacial Ireland. The boreal­
,circumpolar element was stronger in Ireland than in Lapland, and a 
large number of Eurasiatic plants were present in late-glacial Ireland 
whereas only a very small number grow in Lapland to-day. Oceanic 
influence is demonstrable in the Irish late-glacial flora , and the plants 
of southern affinity can be isolated to form quite a striking list- Acinos 
arvensis , Artemisia sp. , Callitriche stagnalis, Clinopodium vulgare, Eleo­
charis multicaulis, Erica tetralix, H elianthemum canum, Littorella uni­
flora , Lycopus europaeus M entha, sp. , Nasturtium microphyllum, Potamo-
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geton crispus , P . Jriesii, P. pectinatus , Ranunculus lingila , Salix cf. aurita, 
S . repens, Sparganium ramosilm ssp . neglectum and Zannichellia palu­
stris var. pedimculata. W e must agree with JESSEN and IVERSEN t hat we 
should not allow ourselves to be dazzled by the arctic-montane element 
in the late-glacial flora , but should realise t hat t his fl ora was a very 
rich one which has no real parallel in high altitudes or high latitudes 
t o-day. 

We must also agree with GODWIN that many of the plants we call 
'weeds' to-day (HuLTEN's Mycket starkt kulturspridda vaxter) have a 
distinguished history which carries them back at least to late-glacial 
time. The plants entered under the heading 'Culture ' in the table are 
Atriplex cf. patula, Cerastium arvense, C. vulgatum, Chenopodium rubrum, 
Polygonum nodosum, Potentilla anserina, Ranunculus repens and Rumex 
crispus. They are probably plants of young, open soils and do not nec­
essarily only find favourable conditions where cultivation is practised. 

To-day the Reindeer lives only in the tundras of the north. The late­
glacial Ireland in which the Reindeer and the Giant Deer lived was 
certainly very different from the tundras. To-day thanks to the work 
of JESSEN and those he has inspired we are beginning to form an im­
pression of the late-glacial vegetation of north-west Europe. But we 
should remember that we have, as yet, no concept of the vegetation of 
southern France when the Reindeer was common in that country, towards 
the end of the Ice Age. 
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Dansk resume. 

Afhandlingen indeholdcr en fortegnelse over pa det mcrmcste 120 forskel­
lige plantefossiler, der er pavist i senglaciale aflcjringer pa Irland. Plant elistcr 
fra 4 irske senglaciale lokaliteLer omtalcs m ere detailleret. Disse lister sammen­
lignes med floralister fra tre lokalitet er i Svensk Lapland ved 68 ° N. 

De senglaciale lister fra Irland og de recente lister fra Lapland er analyse­
rede efter Hulten's principper. Sammenlignet med vore dages Lapland var det 
arktisk-montane element i det senglaciale Irland svagere, og det boreal-111011-
tane stwrkere repr::esenteret, ligesom der fa ncltes et betydeligt eurasiatisk 
(s. I.) element. 
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Abstract. 

This paper gives a survey of the Danish late-glacial flora as it appears on 
the basis of the entire material to hand. Recent pollen research has added an 
element of southern and south-eastern p lant species to the well known arctic­
alpine and boreal flora elements. The flora indicates a genera lly subarctic 
climate, though temperate in parts of the Alleri:id period a nd low-arctic in a short 
period between the Bolling and the Alleri:idperiod. It also indicates a slightly 
ocean ic cl imate, though with rather dry and sunny summers and moderately 
cold and moist winters. The late-glacial period was the great time of helio­
phytes , and many light requiring plant species which are now never found 
together grew side by side: plants today found on the tundra and in the alpine 
region, on the steppes, on bare lime-stone rocks, on dunes or as weeds in 
cultivated fi elds.~ The paper contains a list of all vascular plant species so 
far demonstrated in Danish late-glacial sediments. 
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Introduction. 
A. G. NATHORST and JAPETUS STEENSTRUP were the first who, in the 

year 1871 , brought to light glacial plants from Danish bog deposits; 
but it was NICOLAUS HARTZ who subsequently initiated the earnest study 
of the Danish glacial flora. The discovery of the Allerod oscillation 
(HARTZ and MILTHERS 1901) marked an important scientific progress, 
and in his " Contribution to the Late-glacial Flora and Fauna of Den­
mark" (1902) , HARTZ gave the first- and hitherto the only- survey of 
our late-glacial flora . Apart from mosses and other lower plants, the list 
contains about 50 vascular plant species ; a number of these would how­
ever properly be referred to early postglacial time, now that the strati­
graphic borderlines were more sharply defined. 

Clear borderlines were established when KNUD JESSEN introduced 
the pollen statistical method, and in his zone system of the Danish 
pollen diagrams (JESSEN 1935) the late-glacial period comprises the first 
three zones: I Older Dryas period, II Allerod period, III Younger Dryas 
period. JESSEN also studied the macrofossils and through his investiga­
tions the knowledge of the late-glacial flora was considerably augmented. 
Among other contributions MA'l'HIESSEN's (1925) is worthy of note. 

While, formerly, the knowledge of the late-glacial flowering plants 
was almost entirely based upon finds of macro-fossils , the advance in the 
last two decades is first and foremost due to a close study of the pollen 
flora. The list of plant species has greatly increased and a characteristic 
change has occurred in the composition of the known flora: pollen 
analysis has brought to the late-glacial flora a new element of southern 
or south-eastern species, which are not encountered in the polar zone 
nor in the Scandinavian mountain regions. 

On the other hand, pollen analysis confirmed in its principal features 
HARTz's and JESSEN's conception of t he vegetational development, 
while, at the same time, it has given a more precise and detailed picture 
of the succession. In the lake Bollingso on the borderline of the last glacia ­
t ion, in addition to the Allerod oscillation, evidence is found of an earlier 
oscillation, the Bolling oscillation (IVERSEN 1942) , reflected e. g . in a 
transient advance of the forest. 

At the end of this paper is found a list of all vascular plant species 
identified in Danish late-glacial deposits up to the present date. I have 
indicated for each species whether it has been demonstrated by macro­
fossils , pollen, or both. The macrofossil finds have been collated on the 
basis of published data (HARTZ 1902; JESSEN 1920, 1923 , 1924, 1928 ; 
MATHIESSEN 1925; BRANDT 1954 ; and JESSEN in NORDMANN 1922 , 
MILTHERS 1925, A. JESSEN 1935; BRANDT in IVERSEN 1946). 

Plant species demonstrated only by pollen are included only if the 
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occurrence is substantiated by retention of the slides or by microphoto­
graphs. Usually we have taken about 12 Leica exposures representing a 
series of diverse "optical sections" and frequently also two or three dif­
ferent aspects of the grain. The most significant pictures from every set 
are enlarged and mounted on sheets of pasteboard, one sheet for every 
fossil grain, as shown in plate VII. Pollen grains, documented in the " photo­
herbarium" in this way, have been listed by numbers on p. 119. By means 
of these numbers other investigators, who wish to scrutinize the deter­
minations , can borrow the sheets in question on application. The bulk 
of the photographic work has been skilfully prepared by Mr. H. Krog, 
M.Sc. 

All pollen analyses have been carried out at Danmarks Geologiske 
Unders0gelse by myself and my collaborators, H. KROG, and Svend 
Th. Andersen , M. Sc. For the determinations I assume personal 
responsibility; all important pollen finds I have scrutinized repeatedly 
under the microscope, which was possible since the preparations are 
retained. Many of the pollen finds are mentioned here for the first 
time, but some have previously been published and discussed (IVERSEN 
1944, 1946, 1947, 1951 , KROG 1954). 

My studies of the late-glacial vegetation has been supported by a grant 
from the Carlsberg Fond, for which I want to express my respectful 
thanks. 

Temperature. 

A. General remarks . 

The main trend in the alternating course of the late-glacial vegetational 
development was determined in its fundamental features by the fluctuat­
ing temperature. Opinions of the late-glacial t emperature climate have 
varied greatly. Originally NATHORST (1870, 1891) postulated that the 
climate had been high-arctic in southern Sweden during the time of the 

Plate V II. Micro-photographs of a fo ss il grain of Pleurospermum auslriacum, Youn ger 

Dryas Period , B ornholm. Oil immersion , numer. a pert. 1. 32. Green filter . 
Example of a sh eet of micro-photographs as docum entation of the la te-glacial pollen 

Jinds. The numb er o[ thi s sh eet is DG U a 6 l3. Wi lh regard to the e n tire photo-material sec 

the li st page 119. Det a il s of the pollen grain a rc found on the label a bove (region , bog, 
numb er a nd d epth of sampl e, treatment, ana lyst, number of the sheet e tc.) At the side of 

each photo is information as to focus. Below each photo is the number of the exposure of 
the Lci ca film (e .g. fi lm 61, exposure 29). The pi ctures are twice enlarged photos . 

The block has been redu ced to 2/ 3 . The origina l size of the shee t is 25 x 18 cm ., that of 
the pollen grain 27 x 22 µ. 
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rapid melting of the ice, while GUNNAR ANDERSSON (1903) , referring to 
the numerous remains of hydrophytes always found together with those 
of arctic plants even in the deepest layers of freshwater clay, assumed 
low-arctic temperature conditions (July temperature rising from 6° C. 
to 9° C.) . 

JOHANSEN (1904, 1906) from his studies on the fossil freshwater mol­
lusc-fauna in the same plant-bearing strata postulated even more favour ­
able temperature conditions. He considered the July temperature during 
the late-glacial period to have varied between 8° C. and 14° C. The 
highest of these temperatures applied to the Allerod time, to which 
ANDERSSON later (1909) ascribed a temperature of about 12° C. 

J OHANSEN's conception was criticized in a keen debate in the Geological 
Society of Denmark (cf. Meddelelser fra Dansk Geologisk Foren. , no. 12, 
1906) ; of greatest importance is WESENBERG-LUND's argument that the 
higher altitude of the sun on our latitudes has resulted in a higher tem­
perature of the late-glacial shallow lakes than is the case at present in 
the arctic zone, where the altitude of the sun is low. Aquatic organisms 
would accordingly be quite unsuited as indicators of the macrocli­
mate. 

The point maintained by WESENBERG-LUND provided a natural exp lanation 
of the peculiar contrast which seemed to exist within the late-glacial flora and 
fauna: the occurrence of arctic terrestrials side by side with temperate molluscs 
and aquatics. Indeed, WESENBERG-LUND's conception became prevalent in 
Scandinavia. Nevertheless it cannot be said that the question was solved. 
One of the difficulties, already stressed by \VESENBERG-L UND, is the in­
completeness of our knowledge of the distribution of freshwater organisms in 
arctic and sub-arctic regions. Our present knowledge is still incomplete, never­
theless we know enough , I think, to check WESENBERG-LUND's theory, and 
this I have tried to do, in so far as the higher waterplants are concerned. 

If the altitude of the sun is of special importance to the distribution of 
waterplants, one would expect, as stressed by BROCKMANN-JEROSCH (1909), 
that waterplants, as compared with terrestrials, should be found at higher 
altitudes in the central-European mountains than in Scandinavia. According 
to GUNNAR SAMUELSSON (1934) the following waterplants are found in the 
alpine zone of Sweden: Calliiriche verna, II ippuris vulgar is, I soeies lacuslris , 
Poiamogeion filiformis, P. pusillus, Ranunculus confervoides, R. replans and 
a few other plants (Ranunculus hyperboreus, R. pellalus, Sparganium hyper­
boreum and Subularia) which are absent from or rare in the Alps. 

Dr. W. Lum, Zurich, has been so kind as to give me a list of waterpl ants 
which have been found in the alpine zone in the Swiss Alps, i.e. above the 
Larix-Pinus cembra zone (or a corresponding zone), which according to 
Lum may be compared with the Scandinavian sub-alpine birch-zone. The 
list is very similar to SAMUELSSON's from Sweden, namely: Callilriche verna, 
Isoeies lacuslris, Polamogelon filiformis, P. pusillus, Ranunculus confervoides, 
and Sparganium angusiifolium. The agreement is striking, and it may be 
accidental that H ippuris is not recorded from the Swiss alpine zone, and that 
Sparganium angusiifolium is not reported from the Scandinavian alpine zone. 
This confirms BROCKMANN-JEROSCH's statement that waterplants, compared 
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wilh Lerrestrials, do not occur at higher altitudes in Switzerland than in 
Sweden, despite the higher altitude of the sun during the summer. 

Another and even more significant check of WESENBERG-LuNo ' s theory 
may be obtained by a study of the hyclroph yte flora of arctic and sub-arctic 
Eastern Canada, since the modern borderline between the arctic and sub­
arctic zones in this region is situated at the latitude of Copenhagen. If the 
high altitude of the sun be responsible for the occurrence of thermophilous water­
plants in the Danish late-glacial lakes, we may indeed expect to find thermo­
philous waterplants also in the shallow lakes of arctic Eastern Canada. In order 
to get the most up-to-elate information about the distribution of the aquatics 
in this region I contacted Dr. A. E. PoRSILD, Ottawa, and he was so kind as 
to send me his unpublished distribution maps of all the plant species in question. 
It appears from these and from Dr. PoRSrLo ' s letter, that only Callilriche 
uerna, Hippuris uulgaris, Sparganium hyperborwm, Polamogeton filiformis, 
Ranunculus conferuoides and R. hyperboreus arc found north of the tree line; 
these are exactly the same species found in the arctic zone of Lapland ( cf. 
the maps in SAMUELSSON 1934 and HuLTEN 1950). 

Dr. PoRSILD writes in his letter: " When we examine plant distribution maps 
of North America, we find that our aquatic plants pretty much follow the 
usual pattern for widely distributed plants and that most of them extend north 
to the tree line which in Canada runs in a prelty straight line from the Macken­
zie Delta to the foot of James Bay, or from ]at. 68 ° 40 to 52°- a difference in 
latitude as from Cape Farewell to Thule. This certainly would suggest that at 
least as regards its ability to heat the water of a pond in high latitudes the 
relative low altitude of the sun is compensated for by the long day". 

It appears from these facts, that WESENBERG-L uNo's theory has received 
no confirmation in the recent distribution of the waterplants. Most likely 
PoRSILD is right in his tentative assumption expressed in the last sentence 
cited above. That would mean that molluscs, most probably, would follow 
the same rule as waterplants. On the other hand one can, so far, not exclude 
the possibility that waterplants in the far north are favoured directly by the 
long clays, which enables them to assimilate during a longer Lime than at lower 
latitudes. In this case the possibility remains that mollucs, contrary to water­
plants, behave as involved in vVESENBERG-LuNo's theory . It remains for the 
zoologists and limnologists to solve this question. 

To sum up, it may be said conclusively that the distribution of water­
plants is not seriously effected by the altitude of the sun. This means 
that they are of no less value as indicators of temperature conditions 
than are terrestrial plants, actually, in some respects, they are superior*). 
The spreading of waterplants is unrivaled in its speed. Furthermore most 
aquatics behave like pioneer plants; they need no maturing of the soil, 

*) In a quite recent paper SzAFER (1954, p. 194- 198) draws attention to another im­
portant aspect of the problem, which also emphasizes the importance of waterplants as 

thermic indicators. SzAFER points out "that the vegetation of the stagnant water, being 
above all a reflection of their thermal climate, is a better index of the inf1uence of the 
regional (zonal) climate of the vegetation than the extremely differentiated vegetation 

of the land". "This statement can be fully applied only in rela tion to a defined " biological 
type" of lakes, which is the reflection of edaphic conditions", e.g. the eutrophic (alcaline) 

type. 
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but will find ideal living conditions in a lake immediately after it has 
been created. Aquatics, therefore, will react much more quickly to an 
improvement in climate than most terrestrial plants. Another advantage 
is the fact that the recent distribution of the waterplants is generally 
very wide. They are not hampered by competition from forest trees, as 
all heliophilous terrestrial plants are. The difficulty is only that of getting 
reliable information of the recent distribution of fruiting (not sterile!) 
aquatics. 

Only edaphic factors , especially lack of lime, may restrict the area 
of sensitive waterplants so severely that we have no guarantee that their 
recent distribution allows climatic conclusions. The great majority of 
Danish late-glacial lakes were alkaline originally (see below) , and most 
of them were rich in lime, while today such lakes are of rather limited oc­
currence in arctic and subarctic Scandinavia. We, therefore, must be very 
cautious when using pronounced alkaliphilous waterplants as climatic 
indicators. Hence e.g. M yriophyllum spicatum and Potamogeton compressus 
are not reliable, while e.g. Nymphaea, Nuphar, Potamogeton natans and 
1'ypha latifolia are not restricted in their distribution by this factor and 
are accordingly more reliable. The whole question is dealt with in a 
competent way by SAMUELSSON (1934). The same difficulty is, of course, 
met with when dealing with the distribution of strongly calciphilous 
terrestrials. 

Another difficulty arises in the case of heliophilous plants, and here 
it is very significant that most arctic-alpine plant species are distinctly 
heliophilous. This means that their distribution inside the timber line is 
seriously hampered by the shade of the forest. It was unjustified to 
consider the arctic terrestrials as more reliable temperature indicators 
than the waterplants, when the disharmonious evidence of these plants 
was discussed in the beginning of this century. 

In the following we shall deal with the temperature climate in the 
various late-glacial periods, as it is indicated by the much enlarged 
material of to-day. I have divided the plants into four ecological groups: 
1) trees and bushes, 2) waterplants, 3) shade-tolerant herbs and dwarf 
bushes, 4) heliophilous herbs and dwarf bushes. Only plants of the first 
group may be expected to give reliable information about the macro­
climate, as measured by the meteorologists. The plants of the other groups 
are strongly influenced by local conditions, since they can take advantage 
of the favourable microclimate near the ground and may be protected 
in the winter by snow. The last group is regarded as most unreliable. 
We shall study the evidence of temperature climate within each group 
separately. 

The terms arctic (alpine) and subarctic (subalpine) are used in accordance 
with HusncH's (1953) definition. The subarctic, or subalpine, zone covers the 
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region between the continuo us fo res t and th e polar , or a lpine, limit of t rees 
(" tree-lin e"). This zon e covers, acco rding t o H usTICH, the Scandinavian sub­
a lpine zone, t h e birch zone. It also corresponds with the lyesotundra (' 'Iorcs t­
t undra" ) of the Russian and p resumabl y more or less with our !a le-glacia l 
" p ark-tund ra" . It should , h owever, be n ot ed that Lhe term subalpine in the 
Alps is used in a wid er sen se, sin ce it inclu des the continuous Picea- for cst. 

B. L ate-glacial periods. 

Z o n e l a . D a ni g l ac i a l tundr a p eri o d. 

Before t he late-glacial increase of temperature began , i.e. during t he 
pleni-glacial period of VAN DER H AMMEN (1951) , or t he full -glacial of 
GoDWTN (1953), a t rue arctic climate prevailed in the western parts of 
Jutland, which were not covered by ice. Unfortunately, no reliable 
organic sediments from t he pleni-glacial are known in Denmark . The 
lat e-glacial period begins where t he first signs of an ameliorat ion in 
climate appears at the end of the pleni-glacial. VAN DER H AMMEN claims 
t hat a rise in the Artemisia-curve in his region marks the beginning of 
t he late-glacial period. 

The deep est samples of the bottom clay in t h e lake Bollingso must then be 
referred to the pleni-glacial. The over wh elming maj ority of all pollen here is 
rebcdded and of p re-quat ernary age. The reliable p ollen fl ora is, however , of 
arctic charact er. Besides grasses (dominant) an d sedges th e fo llowing 
p lant species have been demonstrat ed: A rmeria marilima, A rlemisia sp. , 
Campanula sp., Dryas octopelala, Galium sp. , Parnassia paluslris , Planlago 
maritima, S agina cf. procumbens, S a/ix herbacea, Saxifraga cf. oppo­
silifolia , Selaginella selaginoides and Thaliclrum sp. A pollen gra in of Hippo­
phae m ay b e due t o long-distance tran sport fro m the sou th . This fl ora-lis t 
co rresp onds ver y well with t h e p ollen fl ora fo und b y VAN D ER H A MMEN in 
organic layers from the middje of the last glacial period . 

In t he diagram from Bollingso published earlier (1942, 1947) t he 
Artemisia curve rises strongly at t he bottom ; t he deepest analysis (395 
cm.) t hus belongs to t he pleni-glacial period sensu VAN DER HAMMEN. 
The diagram in t his paper (plate X ) is late-glacial t hroughout, as 
t he frequency of A rtemisia is already high in t he deepest analysis . 

In the next analysis Hippophae appears (30/o). This shrub has never been 
found in t he arctic nor in t he alpine zone. To be sure, NoRDHAGEN 
(192 1 p. 129 ) in Salten , N. N orway, has found it up to t he forest-limit 
(600 m .), but it was completely sterile t here as well as at an altitude of 
4- 500 m. According to GAMS (1 943) Hippophae never reaches t he tree 
limit in t he Alps, and it fails to flower already long before t he sub ­
alpine zone is reached. We must, therefore, conclude t hat t he climate 
already had a sub-arctic character in zone l a , even if a treeless t undra 
prevailed . Also t he pollen occurrence of Plantago media is wort h 
ment ioning. 
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Zone lb. Bolling period. 

A sharp rise of the birch curve marks the beginning of zone lb. Size 
measurements of the pollen grains of birch prove that most of them must 
belong to tree birches, and this horizon, therefore, indicates that birch 
trees (Betula pubescens s. 1.) have immigrated. The vegetation type can 
now be characterized as a park-tundra. 

The Bolling oscillation, in our country, is so far only studied in the 
dried up lake Bollingso. We have complete pollen diagrams from 
three different borings , the most recent, prepared by H. KROG, being 
unpublished; the diagrams are quite consistent. Outside Denmark the 
Bolling oscillation has been demonstrated in Holland by VAN D. HAMMEN 
(1951) and in central Germany by H. MtrLLER (1954) ; there seems little 
doubt that the oscillation registered in these diagrams actually is the same. 

The only phanerophytes so far demonstrated in this period are, at 
Bollingso, Betula pubescens , H ippophae, and Sorbus aucuparia. They 
indicate a temperature in July a little above 10° C. 

The water vegetation was rich ; up to 20 % of Potamogeton pollen was 
found. Four species of Potamogeton were demonstrated (cf. BRANDT 1954); 
fruitstones of P. praelongus were especially common. This species was 
widely distributed in late-glacial time ; to-day it does not reach the tree 
limit, neither in Scandinavia nor in the Alps . According to information from 
Dr. A. E. PoRSILD P. praelongus is not found in arctic Canada, and there 
is only one record near the tree limit. Especially important is the £act that 
this species is generally sterile near its northern limit in Canada. Like 
the phanerophytes , then, this species indicates sub-arctic temperature 
conditions, as do pollen finds of Centaurea scabiosa and Filipendula. 

Zone le. Older Dryas period. 

After the Bolling period the thermophilous phanerophytes (Betula 
pubescens s. 1. and Hippophae) disappear and again we have a treeless 
tundra vegetation. We may assume a July temperature below 10° C. 
The aquatic vegetation is poor now, the Potamogeton curve show­
ing a very steep decline together with the epiphytic diatoms. A few pollen 
grains of M yriophyllum spicatum were found. This species is scarcely 
found beyond the tree-limit to-day (except the American var. exalbescens) , 
but it must be considered a rather unreliable temperature indicator, since 
it is a strongly alkaliphilous species, the distribution of which is quite 
dependent on the presence of lime (cf. SAMUELSSON 1934, p. 56) . VAN 
DER HAMMEN (1951) has Myriophyllum pollen in a number of pleni­
glacial analyses. 

In the pollen diagrams we have put the end of zone I where a sharp 
increase in the frequency of tree pollen indicates the immigration of 
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forest trees, or-in the case of the Bolling diagram- where the rise of the 
tree pollen curve exceeds the maximum values in the Bolling period. It 
must , however, be stressed that the zone-border I- II is scarcely syn­
chronous. There can be no doubt that the border-line is older in Western 
Jutland than in the Danish islands. This appears from several facts , 
of which we shall here mention only one. 

In the eastern part of Denmark, the flora of the Older Dryas period 
(zone le), at any rate in its later stages, is not at all of purely arctic 
character as is the case in zone le in the Bolling deposits, and in the 
Netherlands (cf. VAN DER HAMMEK 1952) . Besides Pontamogeton prae­
longus we have several finds of terrestrial plants indicating sub-arctic 
climatic conditions when the Older Dryas clay of the Danish islands was 
deposited. Hippophae rhamnoides has in all these diagrams its maximum 
occurrence early in zone I before the rise of the birch curve ( cf. plate 
XI, and also e.g. plate XII in KROG 1954). Flowering Hippophae has to­
day not been found even in the sub-alpine zone, as already mentioned. 
Pollen of another pioneer tree, Sorbus aria cf. rupicola , has been demon­
strated early in zone I (Bornholm); also a series of more or less 
thermophilous, shade-tolerant herbs (Filipendula cf. ulmaria, Fragaria 
cf. vesca, Pleurospermum austriacum). At the transition between the 
Older Dryas and the Allerod periods the heliophilous herbs Gypsophila 
fastigiata, Centaurea cyanus and 0. scabiosa are found , also the water­
plant Nymphaea Candida , which only quite exceptionally reaches the 
sub-alpine zone in Scandinavia (SAMUELSSON 1934 p. 74). 

W e have no facts as to where the margin of the glacier was located during 
Lhe time of zone I. It seems obvious that zone la is of Dani-glacial age, but it 
has not yet b een established whether the " living" ice retreated from the whole 
country during the Bolling oscillation. If so, the climatic deterioralion between 
the Bolling and the Allerod periods may correspond to the stillstand line of 
the ice which runs through Scania from NW to SE along Hallandsasen and 
Lindcrodasen. This line, according to ANTEYS (1926), separates the Dani­
glacial and the Gothi-glacial retreat. But the Scanian stillstand line may also 
be younger than zone Ic in the Bolling diagram. At any raLe we musL assume 
sub-arctic temperature conditions during the Dani-glacial retreat of the ice, 
otherwise it would be difficult to understand how the retreat could have 
been so rapid as is implied by the thick varvcs and the short life-time 
o[ the Danish ice-dammed lakes (sec HANSEN 1940). 

Zone II. Allerod period. 

Except on Bornholm, birch (Betula pubescens aggr.) was the dominating 
forest tree in Denmark during the Allerod period. The sub-arctic birch­
zone in Scandinavia i.s composed of B. tortuosa , while B. pubescens-like 
Pinus silvestris- in Scandinavia demands a July temperature of about 
12° C. Unfortunately the two closely related birch species are not distin-
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guished in the Danish material. The birch of the park-tundra may have 
been B etula tortuosa, but it is almost certain that the rather dense birch­
forest of the later part of the Allerod period chiefly consisted of B. 
pubescens s. str. F.Ai:GRI's (1935) size-statistical investigation of birch 
pollen from Allerod gyttja in Jreren (Western Norway) also shows pre­
dominance of Betula pubescens (not B. tortuosa); and in Holstein, accord­
ing to ScHi:iTRUMPF (1943), besides B. pubescens even B. verrucosa, which 
is more thermophilous than Pinus silvestris , was present in the earliest 
late-glacial birch-forest. That would mean that the Allerod birch forest 
cannot be compared with the sub-arctic and sub-alpine birch zone of 
Scandinavia, which is composed of B. tortuosa only. Birch has a greater 
migration speed than pine ; during a climatic improvement it will quickly 
occupy the region in front of the earlier forest line, and the advance of 
pine will then be severely hampered by the birch forest , even if tempera­
ture conditions are favourable. This has been the case in preboreal time , 
which certainly had no sub-arctic climate, and, I think, also in the Alie­
rod period. 

On the other hand, our diagram from Bornholm (plate XI) has no 
indication of any late-glacial birch forest zone. It could be demonstrated 
by size-measurements that the maximum of birch pollen before the pine 
rise is due to Betula nana. Even in the Allerod-layer most birch pollen is 
of dwarf-birch, and macroscopically B etula nana is very common in the 
Allerod layers of Bornholm, while broad leaved birches are not demon­
strated with the exception of one single piece of bark (GR0NWALL og 
MrLTHERS 1916). In this respect Bornholm deviates remarkably from the 
rest of the country. 

Populus-pollen is found in the Allerod gyttja, but is scarce. To-day, 
aspen grows up to the polar tree-limit. But according to KrnLMANN 
(1890- 92, p. 223) it is dwarfed and sterile even in the sub-arctic forest 
of Lapland. 

It will appear from what has been said above that the Allerod climate 
in the southern part of Denmark was probably more favourable than the 
prevalence of birch might indicate. The slowness of the progress of pine in 
the greatest part of Denmark is scarcely climatically conditioned. From the 
rather dense birch forest in southern Denmark and at any rate from the 
pine forest on Bornholm we are entitled to conclude that the July tem­
perature was above 12° C. 

Among the aquatics a series of distinctly thermophilous plants has been 
demonstrated, e.g. Oenanthe aquatica, Typha latitolia , Scirpus lacustris , 
Nuphar pumilum and Nymphaea candida. Oenanthe aquatica is to-day 
a distinct lowland plant which, in Scandinavia, does not reach beyond 
the 15° C. July isotherm. This old find (HARTZ 1902) looks rather queer , 
but the determination of the seeds, at any rate , is confirmed by Miss 
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I. Brandt, who has scrutinized the specimens still found in the collections 
of the Geological Survey of Denmark. Typha latifolia is also thermo­
philous; in Scandinavia it does not exceed 14° C. and in the Alps it 
scarcely reaches an altitude of 1000 m., that is about 1000 m. beneath 
tree limit. The species is not alkaliphilous. Only a few pollen grains are 
found. Scirpus lacustris in Scandinavia reaches the 13° C. July isotherm. 
In the Alps, according to information from Dr. Lum, it ceases several 
hundred meters beneath the forest limit, and it is sterile at the highest 
occurrences. Thus the aquatics indicate a temperate climate in the 
optimal phase of the Allerod-period. 

A thermophilous shade tolerant terrestrial is Solanum dulcamara , the 
pollen of which is found in Allerod deposits. In Scandinavia it has a 
distribution similar to that of e.g. Tilia cordata in that it does not extend 
beyond the July isotherm of 13° and is very rare beyond the 14° C. 
isotherm. In the Alps the vertical distribution is rather like that of Cory­
lils; according to Lum the highest locality known in Switzerland is 
1700 m. (Unterengadin and Wallis). The corresponding figure for Corylus 
in Unterengadin is 1650 m. (BRAUN & RUBEL 1932- 34) , in Wallis 
1850 m. (GAMS 1927). These are only rare occurrences ; Solanurn 
dulcamara must, however, have been frequent in the Allerod period, since 
we have pollen finds from several localities and this entomophilous 
species certainly has no good pollen dispersal. The frequent occurrence 
of Solanurn dulcamara in the Allerod period, therefore, indicates a tem­
perate climate, probably a July temperature of about 13°-14° C. 

The majority of the heliophilous and thermophilous plants from the 
Allerod layer have no temperature conditioned vertical or horizontal limits 
in Scandinavia, and some are quite absent to-day. Here we shall only men­
tion S eseli Libanotis and Jasione montana. Seseli is in Graubunden (Ober­
Engadin) found up to 1780 m. (BRAUN & RUBEL 1932- 34) ; local forest 
limit (Pinus cembra Larx) about 2300, Pinus silvestris 2100 m. Jasione 
rnontana reaches only 1410 m. in Graubunden and 700 m. in South 
Norway. Both may, accordingly, be characterized as temperate. 

It is always difficult to draw reliable climatic conclusions on the basis 
of fossil finds, especially when edaphic and other factors were very 
different from what they are to-day. This certainly has been the case in 
the late-glacial period. On the other hand the reliability of the con­
clusions is strengthened, when the climatic indication given by the fossil 
flora is the same within diverse ecological groups of plant species. We 
have seen that whether we consider trees and shrubs, waterplants, shade 
tolerant terrestrials or heliophilous plants we find clear indications of a 
temperate, not a sub-arctic climate in the Allerod period. If the recent 
distribution of these thermophilous plants is significant, we must assume 
that the July temperature in the late Allerod was about 13° C. or 14° C. 

D. 0.. U . IT. rk. , nr. 80. 7 
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This is in agreement with A. C. JOHANSEN's conclusions from the mol­
luscs found in these layers. Opponents of J OHANSEN's view cited the 
occurrence of arctic-alpine plant fossils . We shall later scrutinize whether 
these finds harmonize with the evidence of the thermophilous organisms 
or not. Here we shall just mention that the truely arctic-alpine plant 
species are missing in deposits from the Allerod period proper. 

FIBBAS (1949 p. 287; cf. also LANG 1951) discusses the temperature 
conditions of the Allerod period in Southern Germany on the basis of the 
upper limit of the pine in Schwarzwald during that time. He concludes 
that the July temperature has only been about 2½° C. lower than to-day. 
This figure for the July temperature formerly seemed surprisingly high, 
but it is confirmed by the new material from Denmark discussed above , 
and it is no longer necessary to assume a considerable temperature 
depression in the Baltic region caused by the ice sheet in Middle Sweden. 

Zone III. Younger Dryas period . 

The climatic deterioration of zone III manifests itself in the pollen 
diagrams by a sudden decline of birch and pine and a corresponding rise 
of the curves for Artemisia, grasses, sedges and other herbaceous plants, 
except for the relatively thermophilous herbs Urtica (CHRISTENSEN 1949, 
KROG 1954) and Filipendula (see plate X and XI, also KROG 1954 plate 
XII, this issue) , which show a decline. 

vVhen at its minimum, Filipendula pollen is very scarce indeed, though 
it may be demonstrated by comprehensive countings. In Scandinavia 
Filipendula ulmaria to-day is found in the sub-alpine zone, exceptionally 
it may even be met with a trifle above tree limit. In the Alps it does not 
reach tree limit (BRAUN & RUBEL Le.). The same applies to the shade 
tolerant Pleurospermum austriacum, the pollen of which has been found 
in zone III. The pine curve in the Bornholm diagrams indicates that pine 
did not completely disappear in zone III and the same applies to birch 
in the southern part of Denmark. We may conclude that, in this region, 
sub-arctic conditions prevailed during the whole Younger Dryas period 
and that the July temperature was approximately 10° C., when at its 
minimum. This again corresponds very well with FIRBAS' (1949 p. 288) 
view, that the July temperature in Southern Germany was about 
5 ,6-7° C. lower than to-day. 

Zone III- IV. Transition. 

At the end of the Younger Dryas period the temperature seems to have 
risen so quickly that the forest development could not keep step with the 
climatic improvement. We, therefore, have a transitional zone where 
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t he forest is still very open, though t he climate was already favourable. 
The rise in temperature is in most diagrams (cf. plate X and XI) initiated 
by a very distinct rise in theFilip~ndulacurve , in North Jutland also in the 
Empetrum curve. The transition zone itself is usually characterized by a 
very pronounced maximum in t he juniper curve. In some diagrams (e.g. 
IVERSEN 1946, fig. 9) we have also ample Populus pollen in the juniper 
zone. It is well known that P opulus is difficult to eradicate , and we 
may assume that, unlike most B etula pubescens, it persisted in its old 
Allerod localities, though in dwarfed sterile specimens. When t he tem­
perature rose , it grew up again together with juniper and before birch 
was able to reappear from its r efuges. 

Thermophilous waterplants quickly immigrated as soon as t he tern -
perature rose at t he end of the Younger Dryas period. Besides Scirpus 
lacustris and TyJJha latifolia, already known from the Allerod period, 
also Ceratophyllum, U tricularia intermedia , and M yriophyllum verticilla­
tum appeared before the forest had recovered , and Cladium mariscus 
only a little later. GUNNAR ANDERSSON ( 1909, p . 36) , who had already noticed 
the early immigration of Cladium, deduced from this that the climatic re­
quirements of Cladium might have changed since that t ime, but since 
other waterplants react in exactly the same way, it is much more likely 
t hat the evidence of these quickly dispersed species is correct, while the 
response of the forest was delayed. 

C. The arctic-alpine flora element. 

In the preceeding paragraphs we have discussed the late-glacial tem­
perature climate mainly on t he basis of thermophilous plants demonstrated. 
It remains to see whether t he arctic-alpine element harmonizes with the 
result obtained. The following list embraces all distinctly arctic-alpine 
species t hat have been found so far in Danish late-glacial deposits. 

Oxyria digyna 
Salix herbacea 
Salix cf. polaris 

Salix reticulata 
Saxifraga oppositifolia 
Silene acaulis 

All these species (dating of Silene acaulis not quite certain) have been 
demonstrated in the Older Dryas period, but not in t he Allerod layers 
proper , t hough a few of them have been found in transitional zones 
between I and II. On the other hand , they make a come-back in the 
Younger Dryas period, so that DAHL (1951 , p. 48) is mistaken, when he 
assumes that these species , or some of them, became extinct already in 
the Allerod period. Strangely enough , t hey are not found in late-glacial 
deposits north of Scania, nevertheless t hey must have survived the 
Allerod interval in South Scandinavia. According to DAHL (1. c.) a. o., 
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arctic-alpine plants are able to tolerate an oceanic-temperate climate 
better than a continental. We may, therefore, assume that the species 
mentioned have had their best conditions for survival during the Alleri:id 

• period near Skagerak, where the summer temperature was lowered by 
the sea. 

Salix polaris is the only late-glacial plant species, which is not com­
monly found in the subarctic and subalpine zone of Scandinavia to-day. 
It has , however, been doubted whether the late-glacial "Salix polaris" is 
really identical with the recent species (G. E Du RIETZ). However this may 
be, one should not put undue stress on the occurrence of this single 
species when discussing late-glacial temperature conditions. Salix polaris 
is strongly heliophilous and also calciphilous, its recent distribution in 
Scandinavia is therefore scarcely a reliable indication of its temperature 
requirements. The raw, calcareous, unstable soil which prevailed in late­
glacial Denmark, has certainly suited such a calciphilous pioneer plant 
as Salix polaris much better than conditions in the recent subalpine 
zone in Scandinavia. 

A number of late-glacial plant species, which are often classified as 
arctic-alpine but are frequently found also in the boreal conifer forest 
zone (e.g. Arctostaphylos alpinus , Astragalus alpinus, Bartschia alpina, 
Dryas octopetala, Ranunculus hyperboreus, Saussurea alpina) are not in­
cluded in the list above, since they are rather indifferent as to temperature. 

D. Winter temperature. 

We know very little about the winter temperature in late-glacial time, 
as we have no reliable indicators among the plants demonstrated. 

To be sure, a few species are found whose recent distribution is conti­
nental; but only Pleurospermum austriacum has a western limit which 
may be conditioned by winter temperature. In broad features this limit 
follows the - 2° C. January isotherm; the total range extending from 
about - 35° C. to --2° C. January temperature. 

Pleurospermum auslriacum s. 1. is an asiatic plant, sparce in Europe; from 
Scandinavia only one isolated occurrence is known. The map fig. 1 is taken 
from HORN AF RANTZIEN (1946), who has given a valuable account of the 
taxonomy, distribution and ecology of this interesting species. In experiments, 
HEor (1926) and HORN AF RANTZIEN (l. c.) have found that the germination 
percentage of the seeds was extremely low (0- 2 %). One might assume that the 
seeds require low temperatures in winter to enable them to germinate. This 
would explain the western limit of our species. It is of interest that, according 
to HoRN AF RANTZIEN, nearly all Swedish localities are in ravines; it is a well 
known fact that particularly low minimum temperatures prevail in ravines, 
where the cold air will flow clown. 

The find of the very characteristic Pleurospermum pollen (see plate VII) 
in late-glacial samples from Bornholm and Zealand was a surprise; it 



101 

Fig. 1. Distribution of Pleurospermum auslriacwn ssp. eu-auslriacum, from HORN AF 

RANTZJEN 1946. This area only includes the western-most part of the total area of Pl. au­

slriacum ; other varieties extend the area from eastern Europe up to eastern Asia (cf. the 
map fig . 2 in HOH N AF RAN TZIEN 1946). 

The circles, not filled in , indica te our pollen finds; th e broken lin e is the -2° C. J anuary 
isotherm. The isolated clot in W estern Germany is a mountain occurrence, i.e. on the top 

of Rhein. 

proves that the isolated localities in the Baltic region must be regarded 
as relics from a continuous distribution in late-glacial time ; the same ap­
plies to the other European localities . Pleurospermum pollen should be 
looked for in late-glacial deposits from other countries. 

Nevertheless, the late-glacial t emperature climate cannot have been 
continental. The Danish late-glacial Armeria finds do not belong to the 
continental A. scabra, but to the rather oceanic A. maritima s. 1. 

As formerly poinled out (IvEHSEN 1940), the circumpolar, arctic Armeria 
scabra differs from the European A. marilima (syn. A. uulgaris Willd.), the 
former having monomorphic, the latter dimorphic pollen grains. Armeria 
marilima s. L is rather variable and several ecotypes may be distinguished. 
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Most interesting is an alpine, cushion forming type, which is found on the 
mountain tops of Ireland , Scotland, the Freroes and Iceland, but not in the 
Scandinavian mountains. The late-glacial Armeria was most common in the 
coldest phases of the late-glacial period, and it may therefore correspond to 
the alpine type. 

All European fossil Armeria, so far demonstrated, is dimorphi c (IvERSEN 
1942; SZAFER 1945 ; J ESSEN 1949; CONOLLY, GODWIN & MEGAW 1950; STEllS­
LOFF 1951; LANG 1952). 

Armeria maritima s. l. is not found outside the -8° C. J anuaryisotherme, 
the whol e range extending from about - 8° C. to + s° C. J anuary tem­
perature (cf. the map in IVERSEN 1940, fig. 10). That would mean that 
even when coldest, at the end of the pleni-glacial, and in the zone le, 
the J anuary temperatures were not below -8° C. If we assume that the 
January temperature was 2° C. higher in zone III, and we take the re­
quirement of Pleurospermum into consideration, we may assume a 
J anuary temperature in Bornholm somewhere between -2° C. and 
-6° C., while the July temperature may have been about 11 ° C. Accord­
ing to this rough estimate the temperature climate would be slightly 
oceanic. J asione montana is another sub-atlantic, late-glacial species; 
only one pollen grain has been found in Allerod gyttja (Funen). 

E. The Juniperus curve. 

Of particular interest is the pollen curve of juniper in the late-glacial 
diagrams. Unfortunately juniper pollen has only begun to be counted 
rather recently, but the material so far available (see the diagrams in 
IVERSEN 1946, VAN DER HAMMEN 1951 , ZAGWIJN 1952, KROG 1954 and 
the present diagram plate XI), embracing also unpublished diagrams, 
strongly emphasizes the great importance of juniper in the development 
of the late-glacial vegetation. 

Very simple is the trend of the juniper-curve in an unpublished dia­
gram from East-Prussia. Here we have low values in zone II and IV, 
and a clear maximum in zone III. Also in ZAGWIJN'S diagram from Tyrol 
the juniper-curve is very low in zone II and IV ; in zone III, it is high 
at the beginning and very high at the end of the period, but has a 
minimum in the middle, i.e. the coldest part of it. The same 
development is visible in the diagram from Bornholm (plate XI), and 
here it is a repetition of what had taken place already once before, in 
the first part of the Allerod zone. 

The explanation is given by the ecology of juniper. In the lowarctic 
(lowalpine) and subarctic (subalpine) zones juniper is found as a dwarf­
shrub only, quite dependent on snow cover, all branches that reach above 
the snow during the winter , when the earth is frozen , being killed bythe 
wind (see KrnLMANN 1890- 92). The dwarfed juniper flowers abundantly, 



103 

but of course much more pollen is produced and dispersed from high 
bushes. Thus, a rise in the juniper curve may indicate an improvement in 
the climate, which enables the juniper to extend beyond the snow-cover 
without injury. On the other hand, juniper is suppressed when the forest 
becomes dense. A high juniper curve in late-glacial diagrams, therefore, 
indicates the borderline between the subarctic, open park-tundra and 
the temperate , dense forest. 

In all Danish pollen diagrams the juniper curve does not reach its 
absolute maximum till the zone-border III- IV; the same is the case in 
ZAGWIJN's diagram from Tyrol. At this time juniper must have been 
the predominant plant in large regions. Pollen analysis from a recent 
gyttja from a valley in Greenland, in which Juniperus is frequent , but 
dwarfed, showed only 3 % juniper pollen; in the Bornholm diagram the 
highest value was 54 % of all pollen. 

Precipitation. 

a. Snow cover. 

One might expect that, consistent with the slightly oceanic tempera­
ture climate, the late-glacial winters in Denmark would be rich in snow. 
As a matter of fact , Salix herbacea and S. polaris , which are often found 
in deposits from zone I and II, are well known snow patch plants ("chiano­
philous" species*)). Nevertheless one can scarcely draw the conclusion 
that snow patches had great extension in the zones I and II, partly be­
cause pollen of Salix herbacea + S. polaris is rather scarce in Danish late­
glacial deposits , and partly because both Salix polaris and S. herbacea 
are not restricted to snow patches, but are also met with where only little 
snow is found (see e.g. HEDBERG, MARTENSSON & RYDBERG 1952, 
p. 91- 92), though here they are less abundant. Oxyria digyna is probably 
a more exclusive snow-patch plant, but its pollen is not often met with 
in late-glacial analyses, despite the fact that Oxyria is anemophilous and 
a great pollen producer. The same applies to another chianophilous plant 
species, Rumex acetosa, the pollen of which is remarkably rare in our late­
glacial deposits , unlike pollen of R. acetosella + R. thyrsiflorus , two 
species (their pollen is indistinguishable) which are not chianophilous. 

On the other hand a number of plants are demonstrated which do not 
tolerate more than a thin and transient snow cover (" chianophobous" 
species) , e.g. Arctostaphylos uva-ursi, A. alpina, and Dryas octopetala. 
Also Hippophae rhamnoides (GAMS 1943) and other heliophytes of 
southern type may be called chianophobous. We are, therefore, entitled 

*) Information concerning chianophilous and chianophobous plant species is found 
e.g. in NonDHAGEN 1943. 
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to assume that , though the winters cannot have been dry, the precipita­
tion during the winter months may have been only moderately high. 
That there has been more snow in Ireland appears from the flora demon­
strated by JESSEN (1949) and MITCHELL (1953) ; chianophilous species 
were much more common, chianophobous less common than in Denmark. 
The abundance of Salix herbacea pollen in analyses from zone I in western 
Norway also indicates rather much snow, as pointed out by FJEGRI 
(1953) , who also draws attention to the possibility that the Ice age 
periglacial vegetation in Europe may be divided in a western area, where 
chianophilous plant communities have played a great part, and an 
eastern one, where plant communities have been more steppe-like. 

b. Late-glacial steppe plants. 

The occurrence of late-glacial animals and plants more or less con­
nected with steppes (cf. DEGERBOL & IVERSEN 1945, IVERSEN 1951) 
indicates rather dry summers. Most significant is the demonstration of 
Ephedra cf. distachya , which has been discussed in an earlier paper (1951). 
We may now be fairly certain that Ephedra really lived here in late­
glacial times (see below) . Ephedra distachya is , like Hippophae, quite 
indifferent as regards temperature, but it seems to require both climatic 
and edaphic dryness (see GAMS 1952). 

By courtesy of Professor F. LONA and Professor V. MARCHESONI, I have 
visited th e station of Ephedra at Trento (S. Alps). Ephedra grows here abun­
dantly on a very steep precipice, rooted in fissures, facing NW or V.l , not, as 
usually, S. Due to overhanging rock the locality was very dry, though it 
had rained r ecently. Dryness may be even more decisive than full illumination 
as, according to GAMS (1927), Ephedra may grow as undershrub in very dry 
and open pine woods. The recent European localities of Ephedra dislachya 
are very warm, but in Siberia it is found beyond the polar circle and in Tibet 
it is reported from the alpine zone. 

It has been maintained (e.g. GAMS 1927) that the high percentages of 
Artemisia pollen, often found in late-glacial deposits , indicate steppes, 
and it is true that the late-glacial Artemisia frequencies show an increase 
from the oceanic West to the continental East of Europe, and also from 
North to South. Unfortunately, we are so far unable to make quite re­
liable identifications of Artemisia pollen as to species, though the fossil ma­
terial appears to embrace various types (cf. ERDTMAN 1949, STRAKA 1952). 
Most species require a dry climate; this applies to the arctic-subarctic A. 
borealis and the rather thermophilous A. campestris, A. rupestris and 
A. laciniata, which may all have occurred in late-glacial time. Only 
A. vulgaris is indifferent, and unfortunately we cannot exclude this 
species in our material, while ERDTMAN (1949) also states that the major 
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part of Artemisia grains met with in late-glacial samples in a series 
from Sweden (Mt. Omberg) was of A . vulgaris-type. 

Finally the demonstration of Gypsophila fastigiata and Seseli libanotis 
in Bornholm (zone II) and that of Bupleurum sp. (most probably B . 
jalcatum or B. longifolium) in Zealand and Lolland is worth mentioning; 
they all seem to require a rather dry climate and are usually referred 
to the " xero-therms" . 

During the glacial period many continental plants greatly extended 
t heir area westwards, as pointed out by GAMS ( 1952); Steppe plants have 
been demonstrated as far to the west as t he Netherlands (see FLOR­
SCHUTZ 1951). The Danish late-glacial steppe-plants must be viewed on 
the background of this development. 

c. The Ephedra problem. 

When t he first late-glacial pollen grain of Ephedra was found by 
BRORSON CHRISTENSEN in a Scanian Alleri:id layer it was supposed to 
be redeposited from pre-Quaternary layers (CHRISTE SEN 1949). This 
possibility could, however, be disregarded, when quite a number of 
pollen grains of Ephedra cf. distachya were found in pure Alleri:id-gyttja 
from Bornholm (IVERSEN 1951). At t hat time, one could not exclude the 
possibility that the pollen grains were due to long-distance transport by 
air currents from SE, though various facts were not consistent with that 
explanation. Subsequently, Ephedra pollen has been found also in late­
glacial deposits in South Germany (LANG 1951) and the Alps (\VELTEN 
1952, ZAGWIJN 1952); of special interest is t he finding of Ephedra cf. 
distachya pollen in postglacial deposits from the continental S-Norway 
(HAFSTEN 1953) and from the Great Alvar on Oland (one grain from 
boreal and t hree from atlantic time.) Bot h areas are particularly well 
suited as postglacial refuge areas for a steppe plant such as Ephedra; 
especially is this true for the Great Alvar , which is actually t he 
most famous relic area for steppe plants in Northern Europe. A post­
glacial occurrence of Ephedra as a late-glacial relic on Oland's alvar is 
perfectly reasonable , while the assumption of long-distance transport 
meets great difficulties, since Europe as a whole was densely forested in 
atlantic times . 

• To-day the Great Alvar is a vast tree-bare lime-stone pavement, covered 
by H elianlhem um-.Arlemisia heath conta ining a strange mixture of arctic­
alpin c plants (e.g . V iscaria alpina, Paa alpina) and several steppe plants 
(e.g. A rlemisia laciniala , A . rupeslris, Ranuncu/us illyricus, P lan/ago lenuiflora). 
A grea t part of this flora mu st h ave survived from late-glacial time, and it was 
to study the survival problem that I procured a series of poslgl-acial sediments 
from a supposed fis sure in lime-stone situ at ed in Mocklemossan, whi ch is a part 
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of the Great Alvar. The pollen diagram, prepared by Sv. TH. ANDERSEN, 
shows that the Alvar in boreal and atlantic time was covered by a rather open 
forest; elements of the recent alvar- especially Arlemisia and Juniperus­
were present, but scarce. Only one pollen grain of the anemophilous Helianlhe­
mum oelandicum was found while 4 pollen grains of Ephedra cf. dislachya 
were demonstrated. Obviously Ephedra dislachya survived the first part 
of postglacial time on the Alvar together with other steppe-plants, 
favoured by the dry climate of the island (precipitation to-clay 450 mm. pr. 
ann.) and by the edaphic conditions, which hamper the forest and create 
small open rock areas with a network of fissures, in which Ephedra could root. 
Unlike other late-glacial steppe plants, however, Ephedra finally succumbed. 
It may be noticed, that some of the famous rarities in the Alvar vegetation 
(e.g. Fumana procumbens, Globularia vulgaris, and Hornungia pelraea) are 
among the characteristic plant species, which according to GAMS (1927) are 
associated with Ephedra in the Alps. 

Light. 

Light conditions were exceptionally good in late-glacial times, and this 
was, of course, the result of the restricted tree growth. The latter fact 
was partly conditioned by the cool climate in connection with strong 
winds, but also another factor , namely the rather unstable, raw soil, 
deficient in humus, has certainly contributed to this (see below). 

The late-glacial period, therefore, was the great time of heliophytes. 
Even in the first part of the Allerod period many open spots were still 
left, though the climate favoured forest growth. Some of the most in­
teresting thermophilous light demanding plants are demonstrated in 
deposits from this time. 

The late-glacial flora of heliophytes has a curious mixed composition, 
arctic-alpine plants being found together with steppe plants, plants from 
the dunes , and plants which are now known as weeds , as will appear from 
the following list. 

1. Arctic-subarctic heliophytes: 

Arctostaphylos alpina, Dryas octopetala, Salix herbacea, S. polaris , 
S. reticulata, Saxifraga oppositifolia, Silene acaulis. 

2. Plants from steppes, sunny calcareous slopes, limestone rocks and 
dunes: 

Allium cf. schoenoprasum, Anthyllis vulneraria, Artemisia ssp. , Bu­
pleurum sp. , Centaurea scabiosa, Ephedra cf. distachya , Gypsophila 
fastigiata , Helianthemum nummularium. H. oelandicum, Hippophae 
rhamnoides, Jasione montana, Lotus cf. corniculatus, Pimpinella 
saxifraga, Plantago maritima (inland type) , P. media, cf. Salsola lcali, 
Sanguisorba! minor, Seseli Libanotis. 
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3. Plants to-day known as weeds (cf. GODWIN 1949). 

Oentaurea cyanus, Ohenopodiaceae, Euphorbia sp., Galeopsis sp., 
Plantago major, Polygonum aviculare, Sonchus arvensis vel asper. 

For most of these plants light is a factor of greater importance then 
temperature. 

Soil. 

When the inland ice receded from Denmark, it passed through a stage 
of stagnation, and gradually, as the dead ice melted, the landscape 
emerged. We know, however, that so late as in early boreal time (zone V) 
lakes were formed as a result of the melting of hurried ice masses (e.g. Lake 
Tinglev, cf. A. ANDERSEN 1954). This means that through the whole late­
glacial time the ground was rather unstable, and landslides often occurred. 

The unstable, raw soil, deficient in humus, favoured pioneer plants, 
and most of the heliophytes mentioned in the previous chapter belong 
to this category. Actually the vegetation of the Older Dryas period, in 
eastern and northern Denmark, may be characterized as a pioneer 
vegetation rather than anything else (cf. ERDTMAN 1946). It is very 
characteristic that Hippophae rhamnoides, and, on Bornholm, Sorbus 
aria cf. var. rupicula , both true pioneer plants, are the first phanerophytes 
which appear in zone I ,-a good while before the arrival of Betula pubescens 
and Pinus silvestris. 

Of great interest in this connection is ArCHINGER's (1951) description 
of the pioneer vegetation of the great mountain slide area at the foot 
of the Villacher Alps. In these limestone screes Sorbus aria is an importent 
pioneer plant together with Dryas octopetala , Arctostaphylos Uva-ursi,­
and the mediterranean Fraxinus ornus and Pinus nigra! This shows how 
independant Dryas octopetala is of temperature. 

A corresponding mixture of southern and northern plant species is, 
e .g. , found in the great landslides of Leine in southern, continental Nor­
way, described by NoRDHAGEN (1921); the ground is calcareous boulder 
clay. Many late-glacial plants are found in the list , e.g. Anthyllis vulne­
raria, Astragulus alpinus, Oentaurea Scabiosa, Lotus corniculatus , Plantago 
media , Rumex acetosella, and Saxifraga aizoides. , ve have here an illustra­
tion of the vegetation of the raw calcareous boulder clay of the late­
glacial Danish landscape. 

The virgin soil of the late-glacial period had undergone no leaching 
process and was, therefore, even in sandy regions , neutral or slightly 
acid only. This appears from the fact that even in the poor and to­
day very acid sand plains around the lake Bi:illingsi:i heath of Heli­
anthemum oelandicum and Dryas octopetala was found during the Older 
Dryas and the Alleri:id period. First at the end of the latter this 
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calciphilous heath was replaced by the acidophilous Empetrum heath, 
apparently due to the leaching of the soil (cf. GRoss 1937). Also to-day 
the flora of young, non-calcareous drift, left behind by the retreating 
glacier, contrasts with the surrounding area in the presence of calci­
philous species (see e.g. F.A!:GRI 1933, p. 151 , Lum 1945). 

The same change from alkaline or neutral to acid can be demonstrated 
in lakes which are now acid. The lake Madumso, south of Aalborg, is to-day 
a very acid lake (pH about 4,6) of the Lobelia-Isoetes type; carpets of 
Sphagnum subsecundum are found beneath the Isoetes lacustris zone. 
No species of Potamogeton, M yriophyllum or any other "Elodeids" may 
thrive in this acidotrophic lake. In late-glacial time, however, the lake 
was of the ordinary alkaline or neutral type witb a plankton of Chloro­
phyceae and a submersed vegetation of Potamogeton. The usuallake-develop­
ment from oligotrophic to eutrophic conditions (DEEVEY 1953) , thus , 
in this case, is reversed, due to the leaching of the sandy surroundings 
of the lake. 

Only the meagre Jutish "hill-islands" from the penultimate glaciation 
had, even in late-glacial time , no calciphilous vegetation. This appears 
from JESSEN's (JESSEN & MrLTHERS 1928, p. 117) late-glacial flora lists 
from Solso ; Dryas was not found , while a series of acidophilous plant species, 
otherwise not found or scarce in late-glacial deposits (e.g. Eriophorum 
vaginatum, Calluna, Viola palustris) were fairly common. 

Extinction of the late-glacial flora. 

The rich late-glacial flora was severely reduced in the beginning of 
the postglacial period. Some plant species were eradicated by the climatic 
change itself; this applies e.g. to Oxyria digyna, which is rather shade 
tolerant. The great majority of the late-glacial heliophytes, however, 
succumbed in the shade of the postglacial forest; light, not temperature, 
being the decisive factor. 

On places were local soil conditions prevented tree-growth late-glacial 
heliophytes might find refuges, e .g. near the coast of the sea, on dunes , 
and on bare rocks. Rich indeed is the late-glacial relic flora on the Swedish 
islands Oland and Gotland, where the number of late-glacial species is 
very great and the vegetation of huge areas is stamped by these species. 
Compared with these islands even the most important refuge areas in 
Denmark (Bornholm, and the limestone and chalk areas in Mon, Zea­
land and North-Jutland) are but poor. 

A new era dawned for this hard pressed flora when the forest was 
cleared by man. A considerable part of the flora of our pastures and 
roadsides are descendents of the late-glacial flora, though most species 
are, no doubt, crossed with types of foreign origin. 
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Dansk resume. 

Der gives en oversigt over den danske senglaciale flora som den tegner sig 
pa grundlag af tidligere undersogelser over makrofossiler (HARTZ, KNuD 
JESSEN o. a.) og de seneste ars indgaende studium af pollenfloraen. Principielt 
har pollenanalysen bekr::eftet den hidtidige opfattelse af den senglaciale vege­
tationsudvikling, dog er det sydlige element i floraen, der tidligere alene 
repr::esenteredes af vandplanter, blevet st::erkt for0get og et helt nyt element 
af syd0stlige og 0stlige plantearter er kommet til (Ephedra distachya, Hip­
pophae rhamnoides, Gypsophila fastigiata, Pleurospermum auslriacum, Cen­
taurea cyanus, 1-Jelianlhemum oelandicum o. a.). Det arktisk-subarktiske ele­
ment er derved tradt noget i baggrunden, is::er i Alleriiclperioden, hvis flora 
ma karakteriseres som tempereret (Solanum dulcamara, Typhi:J. lali{olia , 
Oenanlhe aquatica o. a.). Vegetationen i den forudgaende Bolling-oscillation 
har haft et subarktisk pr::eg (•> Parktundra <<) ligesom vegetationen i den Yngre 
Dryasperiode. Kun i et kort tidsrum mellem Bolling- og Alleriid-perioclerne 
har klimaet abenbart v ::eret rent arktisk. Floraen i det ::eldre Dryasler p a 
0erne er en ren pionerflora, cl er i den 0vre del allerede indeholder en r::ekke 
relativ termophile arter, der viser at frav ::eret af tnev::ekst skyldes forsinket 
indvandring. Pollenanalysen synes salecles at bekr::efte de klimatiske slut­
ninger, som A. C. JOHANSEN i sin tid drog af molluskernes fordeling i vore 
senglaciale aflejringer. 

Af den samtidige forekomst af Armeria marilima s. I. (der har dimorfe 
pollen i mocls::etning til de arktisk-kontinentale Armeria-fonner) og Pleurosper­
mum austriacum sluttes, at de senglaciale vintre i Yngre og JEldre Dryastid 
nok har v::eret koldere enci idag, men klimact har i temperaturm::essig hen­
seende v::eret svagt oceanisk ligesom det nuv::erende. 

En vurdering af hyppigheden af henholdsvis chianophile (sneelskende) og 
chianophobe (sneskyende) plantearter i den senglaciale flora f0rer til den slut­
ning, at nedboren om vinteren har v::eret moderat. Steppeelementet i den sen­
glaciale flora tyder pa t0rre, solrige somre, men kan ikke tages til indt::egt for 
antagelsen af et egentligt steppeklima. 

Vegetationens abenhed og de specielle jordbundsforhold har ved siden af 
klimaet haft afg0rende betydning for den senglaciale floras sammens::etning. 
Et vigtigt karaktertr::ek ved jordbunden i tidlig senglacial tid er betinget af, 
at udvaskningsprocesserne endnu ikke har gjort sig g::eldende. Selv pa de jydske 
hedesletter voksede Dryas, Helianlhemum oelandicum, Hippophae og andre 
kalkelskende planter. Forst i slutningen af Aller/id perioden af10stes her Dryas­
Helianlhemum-heden af Empelrum-hede, der clog heller ikke var sa sur og gold 
som nutidens Calluna-hede. 

Den rige senglaciale flora af solplanter skyggedes hurtigt bort, da skoven 
bredte sig over landet i begyndelsen af den postglaciale periode. Kun hvor 
specielle jordbundsforhold hemmede skoven fandt senglaciale planter refugier, 
hvor de kunne holde sig gennem skovtiden. De rigeste refugieomrader Jigger 
pa Oland og Gotlancl; i Dan mark har is::er Bornholm, men ogsa kriclt- og kalk­
omraderne pa Mon, Sj::ellancl og i Nordjylland v::eret tilflugtsteder for sen­
glaciale relikter. Mange af disse sidste har efter menneskets skovrydninger 
bredt sig henover det abne land og krydset sig med indsl::ebte former , saledes 
at de nu har mistet deres reliktkarakter. 

Til slut gives en liste over de hidtil paviste senglaciale karplantearter. D en 
ornfatter 100 sl::egter; 124 arter anses for tilstr::ekkelig sikkert besternte. 
59 plantearter er kun pavist som pollen, for alle disse foreligger dokumentations­
materiale i form af seriefotografier (cf. tavle VII og s. 119) eller pr::eparater. 
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( ) species id e ntifica tio n u ncerlain 

I l po ll e n m ay be transported from a long 
d ista nce or b e derived 

~ 
1 one gra in 
X mo re t h an o n e gra in 

"" 
* Species idenlifical iun fa irl y ] + lra ns itio n l o n exl zone F: p h o l o, see p . 119 

reliable II 

I I I I ** Species identification reliab le t° _§ la l b le II Ill 
~ 0 
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~ "' i:o p:; ..., N i:o N ::!:l ..., N c:i 

PTER IDOPHYT A 

I EQUISETACEAE 
Equiselum spp ........ .. .... .. s X X X X X X X X X X X 

LYCOPODIACEAE 
Lycopodium cf. complanalum . . * s . . . . 1 . . . . . . X . . . . . . . . 

- annolinum .. . .......... ** s .. X . . [ x l 1 X X X X X 1 
- clavalum ........ . .... . . ** s . . . . .. . . . . . . . . X 1 . . 1 F 
- selago . . . . ... .... .. . . .. ** s . . .. . . . . . . 1 . . . . X 1 . . 

OPHIOGLOSSACEAE 
Dolrychium cf. Lunaria . ..... * s . . .. l X X X X X X X X 

- cf. mulli ficlum . .. . ....... . s . . .. . . . . . . . . 1 1 . . . . . . F 
I + 

Ophioglossum vulgalum . . .. .. •• s . . . . . . . . . . . . . . . . .. X . . 
POLYPOD!ACEAE 

Cyslopleris fragilis . ..... . . .. ** s .. . . . . . . . . 1 . . J . . . . . . F 
Polypocl ium vulgare . .... .. .. ** s . . . . . . . . . . 1 . . . . . . . . . . F 
Thclypleris Dryopleris ...... . ** s . . I X ] [ X l X .. X X X X X X F 
(= Dryopleris Linneana) + 
- cf . P hego pier is1) .••••... .. * s . . . . . . . . . . .. . . . . 1 . . . . 

SELAG INELLACEAE 
Selaginella selaginoides. . . . . . •• s X X X X .. X X X X X X 

G YMNOSPERi\l AE 
CUPRESSACEAE 

Junip erus communis . . .... ** r p X X X X X X X X X X X F 
EP HEDRACEAE 

Ephedra clislachya s. I. . .. ..... * p . . .. . . . . [1] 1 X X . . 1 1 F 
P I NACEAE -<'+ 

Pinus silveslris .. . . ........ . ** p [ X ] [ x ] [ x ] [ X ] [ x ] X X X X X X 
ANG lOSPERi\IAE 
BETULACEAE 

Belula ncuw . . .. . . .. .... . . ** f p X X X X X X X X X X X 
- nana X pubescens ... . .... f . . . . . . . . . . . . . . .. . . . . . . 
- pubescens s. I. ........ •• f p .. X [ x ] [ X ] [ x ] X X X X X X 

CALLITRI CHACEAE 
Callilriche hermaphroclilica . .. ** f . . . . . . X . . . . . . . . . . X . . 
(= C . aulumna/is) 

CAMPANULACEAE 
Campanula cf. rolunclifolia1) . * p . . . . . . . . 1 1 1 . . 1 . . . . F 
.J as ione m onlana ............ •• p . . . . . . . . . . . . 1 . . . . . . .. F 

CAHYOP HYLLACEAE + 
Cypsophi/a fasligiala .. . .... . ** p . . . . . . . . 1 . . . . .. . . . . . . F 
Sagi na cf. procumbens ... . .... p 1 . . . . . . . . . . . . .. . . . . . . F 
S ilene acau/is2) ••••••• ••• ••• •• f . . . . . . . . . . .. . . . . . . . . . . 
cf . \' iscaria . . .... . . ....... .. . p .. . . .. . . . . . . . . . . . . 1 . . F 

CEl1 ATOP I-IYLLACEAE + 
Ceralophyllum clem ersum . . . . .. • lrich . . . . . . . . . . . .. . . . . X . . . . p 

CII ENOPOD IACEAE 

D. G. U . 11. rk. , 1u. 80. 
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( ) species ident ifi cation uncertain 
[ l pollen may be t ransported from a long 

d istance or be derived 

E 1 one grai n 

" X more than one gr a in 
00 

* Species iden tification fai rl y -;, 
~ 

+ LransiLion to next zone F: photo, seep. 119 
rel iab le II " I ** Species identification rel iable ~~ la lb le II III 

;, 0 
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£ ~ Oil ~ tj tj 0 tj tj 0 tj tj 0 
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Chenopodium + Alriplex ...... I p [ X ] X X X X X X X X X X 
+ 

cf. Sa/so/a kali . ............ . * p X F 
CISTACEAE 

He/ianlhemum cf. canum ... . .. p l F 
- nummularium s. l. ...... ** p (1) X X X F 
- oelandicum s. l. ......... ** p X X X X X X X X X X F 

CoMPOSITAE 
.Arlemisia spp . .. . ... . ... ..... p X X X X X X X X X X X 

+ + 
Centcwrea cyanus . ..•.... . . ** p 1 1 X F 

~ 

- scab iosa . ......... . . .. ** p 1 F 
Cirsium cf. arvense1) ... * p F 

- cf. helerophyllum 1) p 1 F 
- er. vu lgare1 ) .. p 1 F 

Crep is cf. paludosa . .. . . ..... * p 1 F 
Saussurea alpina . ..... . ..... ** p X X F 
Sonchus asper uel arvensis ... ... p 1 F 

CnASSULACEAE 
Sedum sp ... . .........•... . .. p 1 X X X 

CYPEUACEAE 
Curex cf. aqualilis . . .. . .. .... . f X 
- roslrala ... ............. ** f X X X X 
- vesicaria .... . . ......... ** f X 

Eriophorum vaginatum2) •. . •• ** f 
H eleocharis paluslris . .... . . .. ** f X 

+ + 
Scirpus lacuslris .....•...... ** f p X X X X F 
- s ilvalicus ......... . . . . . * * f X 

ELAEAG:-,/ACEAE 
Hippophai! Rhamno ides .. ... . ** p X X X X X X X X 1 X 

EMPETRACEAE 
Empelrum nigrum . . . .. . ..... ** f p [ X ] X X X X X X X X 

ERICACEAE 
Arcloslaphylos alpina ...... .. ** f X 

- Uua-ursi ...... . ........ ** f X X 
Calluna vu lgaris . ..... . . ... . ** jveg p [ X l . . X X 1 X X X 
Vaccinium uliginosum .. . . . .. ** jveg X 

EUPHORBTACEAE 
Euphorbia sp .......... ...... . p X F 

GENTIANACEAE 

Genliana Pneumonanlhe ...... ** p 1 F 
Gentianella cf. Amar ella s. 1. .. p F 
- cf. campeslris s . l. ........ p 1 F 

Sweerlia perennis . ... . ..... . ** p 1 F 
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( ) species identifi ca tion un certain 
l l poll en may be transported from a long dist a nce 

or be derived 
1 one grain 

~ X more tha n one gra in 

* Species icl cn Li fication fai rl y ..CS + tran sition to ncxL zone F: photo, see p. 119 

reliab le .§ 

** Species identifi cation reliabl e la )I) l e lI Ill 
to ~ 
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GERA); I ACEA E 

- -- -* I Geranium cf. si!ualicum1) p 1 F 
GRA1\ll :'\'EAE 

Agropyrum sp .3) ...... .... ... veg X F 
+ 

cf. Rlymus arenarius . ...... . . * p 1 1 I 
1-hLOHAGACEAE + + 

Jlyriophyllum allerni{lorum . . ** p X X 
- spicalum ............... ** f p X X X X X X X X X X X F 

+ 
- uerlic illa/um . .. ... . .. ... ** p X 

J-JrPP UH IDACE A E + 
Jl ippuris uulgaris ........... ** p X X 1 X 

J U'.',;CA GI:S:ACEAE 

Triglochin marilimum . . ... . .. ** X 
LAD IATEAE + 

Ca/eopsis cf. lelrahil ..... ..... p 1 
+ 

cf. Origanum uulgare . . .... p 1 
LEG U~rI:S:0SAE 

Anlhyllis uulneraria . ... . .. .. ** p 1 F 
As /raga/us alpinus .......... ** p X X X X X X F 

cf. arenarius . .... .... .... p 1 1 F 
- cf. clan icus .. .... .. ... ... * p F 
- cf. {rigiclus . .... ... .. . . . .. p 1 X F 

Lotus cf. corniculalus . . ...... * p X F 
Oxylropis cwnpeslris type . ..... p 1 1 F 

LE:S:TIBULAH IACEAE + 
Ulricularia cf. inlermeclia . .... • p X F 
- cf. uulgaris . . . . . . . . . . . . . . p + F 

LtLIACEAE X 
To{ielclia ...... .. . ............ p 1 F 

+ 
Allium cf. Schoenoprasum1 ) .. • p 1 1 F 

~) £'.',;VA'.'/T IIA CEAE 

.11 en yanlh es lri{oliala . .. . .... * * p X X X 1 X X 

::\° Y~IPII AEACEAE 

Nuphar pumilum ......•... . ** f p X F 

Nymphaea alba ..... . ....... ** X 

+ + ;,. 
- canclicla .. .. .. .. ........ ** p X X X X F 

O:--;AGH A CEAE 

Clwmaenerium angusli{olium . .. ** p 1 X F 
PLA .:\1 TA GINACEAE 

Planwgo alpina ') .. . ' .. . .. . * p 1 F 
lanceolala . ........ • .. .. .. p 111 l 1 l . . F 

- major . ... . .. ..... . ... . . * p 1 X X F 

s• 
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( ) species identification uncertain 
l l pollen may be transported from a long 

distance or be derived 
5 1 one grai n 
~ X more than one grain 
w 

* Species identification fairly ] ->- trans ition to next zone F: photo, see p. 119 
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Plan/ago marilima .... ...... ** p 1 X X X X X X X X X F 
- media ......... . ....... ** p 1 1 X 1 X X X 1 X F 

PLUMBAGINACEAE 

Armeria mar iii ma ..... ...... ** p X 1 X X X X X X F 
POLEMONIACEAE 

Polemonium cf. coeruleum .. .. * p X F 
POLYGONACEAE 

Polygonum aviculare ....... .. ** p X 1 X F 
- Bis/or/a vel viviparum . .... p X X X F 

->-
Oxyria digyna . ........... . . ** p 1 X X X F 
ljumex acelosa . ............. * * p 1 1 X F 

- acelosella vel lhyrsi(lorus ... p X X X X X X X X X X X F 
- cf. domeslicus . ........... 1 r 

POTAMOGETONACEAE 

Polamogelon alpinus ......... ** f X 
- f'ili(ormis . . .... . . .. .. . . * * f (p) ( X ) (1) X X X X X X X 
- Fries ii .... . .. .. ...... . •• f X 
- gramineus .. . ... . . . . .... ** f 

nalans ............ .. . . •• f X 
cf. oblus i(o/ius .... ........ f X X 
per(olialus .. . .. ........ • • f X X 
praelongus ..... . ....... •• f X X X X X X X 
pusillus . . .. ... . ... . .... ** f 

- zosterifolius . .....•..... •• f .. [ x ] .. X 
- z iz ii .. . .. . ... ... ....... ** f X 

RANUNCULACEAE 

Callha paluslris ....... . ..... ** f p 1 X X X X X 1 F 
Ranunculus cf. con(ervoides ... * f X X X 

- (lammu la (incl. ssp. 
rep/ans) .. ..... . .. . .. ** p 1 

hyperboreus2) .......... ** f 
->-

cf. lingua .......•....... * p X 
pellalus aggr . . ... . ..... ** p X 1 X F 
repens2 ) ..•.••..••••• • . * * f 

Thalictrum sp . . .... .. . ....... p X X X X X X X X X X X 

->- * cf. H elleborus viridis . ......... p 1 1 r-
RI-IAM NACEAE 

cf. Rhamnus (rangula . . . ..... . p 1 
ROSACEAE 

Dryas oclopelala . ..... . ..... ** f p X X X X X X X X X X X F 
Filipendula cf. ulmaria ...... * p X X X X X X X X X 

Fragaria cf. vesca ... ......... p 1 F 
->-

Ceum rivale5 ) . ••••••.•• • ..• ** (p) (1) .. (1) ( l ) .. (1) (1) F 



* Species identifi cat ion fa irly 
reliable 

** Species identifi cat ion reliable 

Potenlilla erecla2) •• ..••••••• ** 
- paluslris ............... ** 

Prunus pad us . . . . . . .. . ... . . * * 
Rubus chamaemorus ......... •• 

idaeus2) .•• •••••• •• •• . • ** 
- saxalilis . .......... . ... ** 

Sanguisorba minor . ......... ** 
- o{{icinalis ..... . .. . ..... ** 

Sorbus aria cf. ssp. rupicola .. ** 
- aucuparia ........ ...... ** 
- cf. inlermeclia . ... . .. .... . 

RUB IACEAE 

II 
m 

f 
f p 

p 
p 

f 
f (p) 

p 
p 

p 
p 
p 

Galium sp.. .. ... .. .. . ........ p 
S ALICACEAE 

Populus lremula . . . . ........ ** p 
Sa/ix cf. caprea . .. ...... .... * veg 

herbacea .. .. ...... . . . . * * veg p 
cf. phylici{olia ........... * veg 
cf. polar is . ........ . .... * veg (p) 
reliculala .. .... . .. . ... . ** veg 
cf. arbuscula............. veg 

SAX IFHAGA CEAE 

Parnassia paluslris .......... ** 
Sax i{raga cf. aizoides . ....... . 

hirculus . .............. ** 
- opposili{olia .... ........ ** 
- slellaris-type . ........... . 

ScnoPHULAHIACEAE 

er. Barlsrhia a/pina.. . * 
Nl elampyrwn sp .... . ........ . 
Pcdicularis sp . . .. . .......... . 

SOLANACEAE 

Solan um dulcamara ... . ..... ** 
SPAHGA N I ACEAE 

Spargan ium angusti{olium . .. ** 
- cf. simplex .... . ..... . .. . . 
- sp ...... . . . . .... ... ..... . 

'fYPHACEAE 

Typha latifolia ....... . ..... ** 
UMBELLIF EHAE 

A ngelica sp1 ) . ... . . ... ... ... . 

B upleurum cf. fa/ea/um . . .... . 
Carum carvi . .... .. ..... . ... * * 

cf. Falcaria1) .... . •••.....•.• 

p 
p 

lveg (~) 
p 

p 
p 
p 

p 

f (p) 
p 
p 

p 

p 
p 
p 

p 
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( ) species identifica tion uncertain 
I ] pollen may be transported from a long dista nce 

or be derived 
one gra in 

x more than on e gra in 
+ transition to next zone F: photo, see p.119 

Ja lb I II III 
,-----

X X X X X .. ( X ) F 

X X 
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X X 
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( X ) ( X ) 
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X X 
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X X 
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X X X 
X X X 
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1 ( X ) 

(1) x ( x ) 

.. ( X ) 
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1 X 

X 
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X X X 

X X X 
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1 1 
1 X 

X X 

X 
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X X 
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X X X 
X X 

1 
X ( X ) 
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F 
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F 
F 

F 
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F 
F 
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F 
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F 

F 

F 
F 
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( ) species identification u ncertain 
[ l poll en may be transpo rted from a long d istance 

or be der ived 
1 one gra in 

~ X m ore than one gra in 

* Species iden lification fai rl y 
reliable 

** Species identification reliab le 

cf. Heracleum Sphonclylium . . * 
Pimpine/la cf. saxi{raga . ..... * 

- cf. magna ... . . . .. .. ... . . * 
Pleurospermum auslriacum .. . •• 
cf. Sese/i Libanolis .. . .. .. . . * 
Oenanlhe aqualica ..... ..... . ** 

UHTICACEAE 

V 

V 

Urlica ciioeca .. ............. ** 
ALERIANACEAE 

Valeriana o{{icinalis aggr . ... ** 
IOLACEAE 

Viola paluslris1) ••••• . •.•••• ** 

1) Investigation not finished. 
2) F in ds not exacll y dated. 
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3) Inves ti ga tion by Miss I. B ra ndt not fini shed. 
4) Morphologically P lan /ago coronop us is also poss ible. 
5) R eli able finds not exactl y dat ed. 
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Photomicrographs. 

P holom icrograph s of late-glac ial polle n finds from the fo ll owin g species a rc o n fil e a l the 
Geologica l Survey or Den m a rk. Each number (e.g. DGU a 312) indi ca tes on e shee t wilh 
seve ra l enlarged phologra phs ( x 1000). Oplical equipme n t: Lei tz Orlholu x, oil immersion, 
numeri cal a pcrl. 1.32 . Us ually a green fill er has been usecl, in specia l cases a reel fi lter. 
Two pollen gra in s (?\l\Dl 621, 632) are photographed at th e Bog L a boralory of lh c 
Naliona l Mu seum . - Co ll eagues w ho wanl to scrutinize the cle termination of so me grai ns 
may borrow the s hee ls in qu es tion. 

A lli um cf. Schoenoprasum . .. . 
Anlhyllis vulneraria . . . . .. ... . 
Armeria marilima . .....•.... 
Aslragulus alpinus .. .... . ... . 

cf. arenarius . . . . ... . . . . . 
cf. danicus . ...... .. .... . 
cf. {rigidus ..... . ....... . 

Bartschia alpina . .. .... .. ... . 
Bolrychium cf. multi{idum . . . . 
Bupleurwn cf. fa/ea/um ..... . 
Callha paluslris . ........... . 
Campanula rolundifolia ... . . . 
Carum carvi . .. ... . ........ . 
Cen laurea cyan us . ... . ..... . . 

- scabiosa ..... .. . ....... . 
Ceralophyllwn demersum ... . 
Cham aenerium angusli folium . 
Cirsium cf. arvense ......... . 

- cf. helerophyllum .. . ... . . 
- cf. vulgare . ... .... . . . .. . 

Crepis cf. paludosa . . . . . . .. . . 
Cyslop leris fragili s .. . . ...... . 
Dryas octopelala ...... .... . . 
Ephedra dislachya . ..... .. .. . 

Euphorbia sp . ............ . . . 
Falcaria( ?) sp .. .... ..... . . . . 
Fragaria cf. vesca . ... ..... . . 
Cenliana pneumonanlhe .. . .. . 
Centianella cf. Amarella aggr . . 
- cf. campeslris aggr . ..... . 

Geranium cf. silualicum .. ... . 
Ceum cf. rivale ............. . 
Cypsophila fastigi ata . . ... ... . 
Helleborus(?) cf. uiridis .... .. . 
Helianlhemum cf. canum .... . 

- nwnmularium s. I. . .... . 
- oelandicum s. l. .... . .... . 

H eracleum spondylium ...... . 
Jasione monlana ... .. . . .. . . . 
Juniperus cf. communis . .... . 
Lotus c f. corniwlatus . . . .... . 
Lycopodium clavalum . ... .. . . 
M elampyrum sp .... ...... . . . 
Myriophyllum spicalum . . . .. . 
N uphar pumilum ...... . . . .. . 
N ymphaea candida . . .. ..... . 
Oxyria digyna . . . ... . .... . 
Oxylropis campeslris- l ype . .. . . 

DG U a 846, 922 
DGU a 123 
DGU a 53,603,824 
DGU a 182, 369, 

373, 381, 401, 
402, 421, 481 

DG U a 385, 4 12 
DGU a 621 
DGU a 642, 694 
DGU a 842 
DGU a 701 
DGU a 913 
DGU a 69 1 
DG U a 461, 513, 
DG U a 882, 911 
DG U a 171, Nl\DI 

621, 632 
DGU a 202, 222 
DG U a 781 
DGU a 49 1,483 
DG U a 534 
DG U a 533 
DG U a 734 
DG U a 722 
DGU a 712 
DGCa651.652 
DG U a 101 , 102, 

103, 15 1, 152, 191 
DG U a 11 
DG U a 602, 874 
DGU a 792 
DG U a 482 
DGU a 673 
DGU a 233 
DGU a 60 1 
DGU a 224, 571 
DGU a 863 
DGU a 711, 721 
DGU a 671, 
DGU a 211, 591 
DGU a 192, 67 1 
DG U a 13 
DGU a 821 
DGU a 21 
DGU a 122 
DG U a 713 
DGU a 714 
DGU a 823 
DGU a 844 
DG U a 702 
DGU a 822 
DG U a 45 1,562, 

593 
Parnass ia paluslris .......... DGU a 71 , 72, 75, 

452 

Pimpinclla cf. saxifraga. . . . . . DG U a 86-1 
Plan/ago cf. alpina . . . . . . . . . . DG (..; a 402 
- lanceolala ..... .. . ....... DGU a 24 l , 242 
- major ........ . .. .. .. . .. DG U a 283,6 11, 

903 
- marilima . . ... ..... .. ... DGU a 261 , 264 , 

271,29 1,382 
- media . . . . . . . . . . . . . . . . . DGU a 252, 262, 

Pleurospermum auslriacum . . . 
Polemonium cf. coeruleum .. . . 
Polygonum cwiculare . ..... .. . 
- Bis/or/a vel viuiparum ... . 

Polypodium vulgare .. . ...... . 
Polen/ilia cL paluslris . .. .. . . . 
Prunus padus ...... . .. . . 
Ranunculus pellalus aggr ... . . 
R.ubus chamaemorus . . .. . .. .. . 

263 272 , 281 
DGU a 612,912 
DGU a 61, 511 
DGU a 12, 772 
DGU a 31, 181 
DGU a 782 
DGU a 303, 371 
DG U a 352, 523 
DGU a 66 1 
DG U a 901 

- cf . saxal ilis ... .......... DG U a 8 11 ,8 12 
R.wnex acelosa ...... .. . ... . 
- acelosella vel lhyrsi floru s . . 
- c l'. domeslicus . ....... . . . 

Sagina cf. procumbens . .. . . .. . 
Sa /ix c l. herbacea . . . . . 
- cf. polaris .. ....... ... . . 

Salso/a kali ............ .. . 

DG U a 6 12 
DGU a 4-12, 592 
DG a 79 1 
DGU a 873 
DG U a 682 
DG Ua G83 
DGU a 2 13, 21~ , 

861 
Sunguisorba minor... .... .. DG U a 62, l G3, 

382, 4 11 
- of{icinalis ........... . .. DG U a 13 1 

Sa ussurea alpina. . . . . . . . . . . . DG U a 2 15, 532, 
535 

Saxi fraga hirculus . . . . . . . . . . . DG U a 4 71 
- cf. opposilifolia ...... . ... DGU a 845, 862, 

923 
- slellaris-type . .......... . DGU a 853 

Scirpus lacuslris . ... . . . . ... .. DGU a 841 
Seseli Libanolis ...... .... ... . DGU a 883 
Solanum dulcamara ... .. .. .. . DGU a 121 , 574, 

801 
Sonchus asper vel arvensis . ... DGU a 68 1 
Sorbus ar ia cf. ssp. ru p icula .. DGU a 173, 174, 

175, 211 
- aucuparia ........ . ..... DGU a 871 

Sweerlia perennis .. .. ........ DG U a 16 1 
Thelypleris Dryopleris.. . . . . . . DG U a 663, 664 

( = Dryopleris Linnueanum) 
Tofieldia sp ... . ............. DGU a 33, 563 
Typha lali folia.. . . . . . . . . . . . . DG U a 71 5 
Urlica dioeca.. ... . . . . . . . . . . . DG U a 3 12 
Ulricularia inlermedia . ... . . . . DG U a 793 
- uulgaris .. .. . ....... . ... DGU a 5 12 

Va leriana o{ficirwlis aggr . . . . . DGU a 3 12 
\' iscaria(?) . .............. . . DGU a 88 1 
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Abstract. 
An exposed Allerod section in Ruds Vedby, western Zealand, has provided 

material for C14-datings published elsewhere. This section is described here in 
full and a detailed pollen diagram from the section is given and discussed. 
The results of the C14-datings are touched upon briefly. 
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The Allerod Section in Ruds Vedby. 

When, in 1951 , the Carbon14 laboratory in Copenhagen was going to 
be started, it was a matter of urgency to find suitable material for the 
dating of late-glacial deposits which had been definitely dated in other 
ways, and after due consideration Ruds Vedby Brickwork's clay pit was 
chosen as the most suitable site. H ere was the possibility of getting a 
series of samples suitable for pollen analysis and, at the same time, to 
obtain a series of samples of sufficient size and of different organic 
material, from well defined and sufficiently thin layers for C14-dating. 

The results of the C14-datings were published in 1953 (ANDERSON, 
LEVI & TAUBER; IVERSEN) but only a summary was given on the strati­
graphy and the pollen analytical investigation of the Allerod section. 
The following paper, however, will present these investigations in greater 
detail. 
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Ruds Vedby Brickwork's clay pit is situated in western Zealand 
about 15 km. N of Slagelse. An exposed Allerod section has been known 
here for about 25 years , and it has been favoured as an object for geolo­
gical excursions during this time because of its splendid conformity with 
the conditions of the classic locality- Allerod Brickwork's clay pit 
(HARTZ & MrLTHERS 1901). Late-glacial deposits with well developed 
Allerod horizons can be found in numerous places in Denmark, but it is 
rare, however, to find so fine a profile as this one, which has been exposed 
and accessible for so many years. 

The district round Ruds Vedby is an ordinary undulating morainic 
country similar to many other places in eastern Denmark. The site of the 
present clay pit did not , apparently, differ essentially from its sur­
roundings , the whole district being mapped as boulder clay during the 
geological mapping before 1900, and not till after 1900 was it discovered 
that rather large quantities of stoneless clay, suitable for brick making, 
covered this place. First and foremost , the clay and the condition of it 
aroused the interest of geologists and in this way the Allerod layers 
were discovered. Most parts of the stoneless clay are very clearly lami­
natecl and there can be no doubt that this laminated clay was deposited 
in an ice-dammed lake during the melting-away of the last inland ice. 
Concerning the laminated glacial clay opinions have differed widely, 
SIGURD HANSEN (1940, p. 274) holding that this clay is not truly varved, 
while by S. A. ANDERSEN (1941) it is regarded as very conspicuously 
varved. This discussion is of no interest here but has given rise to a paper 
by S. A. ANDERSEN (1941), which also presents the main points in the 
geological development of the place. The description is well illustrated 
by a section drawn to scale. 

The original surface of the clay pit was fairly even, but everywhere the 
stoneless clay is underlain by boulder clay, which has an undulating 
surface with scattered hollows and little hills. The stoneless clay in a 
fairly constant thickness lies concordant to the surface of the boulder 
clay, thus reproducing on its surface the surface of the boul_der clay. 
Varying quantities of ice are supposed, by ANDERSEN , to have been 
contained in the boulder clay at the initial stage of the ice lake, and during 
the slow melting away of the ice the overlying clay has gradually sunk 
in and filled up the hollows, thus forming the very uneven surface . 
The hollows formed in this way have become small lakes , in which the 
proper late-glacial layers have been deposited-during Older and Younger 
Dryas Time clay (mainly, in all probability, washed out from the lami­
nated glacial clay which at that time formed hills between t he basins)­
and during Allerod Time mainly gyttja. 

From this it may be understood that the possibility of finding Allerod 
layers is restricted to these small basins which constitute only a minor 
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part of the former ice lake basin. Furthermore, should an Allerod section 
appear during the digging of brickwork clay, it would soon be obliterated 
as the work proceeded. Since t he investigations by HANSEN and ANDER­
SEN (partly carried out 1927-28, published later) the appearance of the 
clay pit in Ruds Vedby has changed much and t he sections described 
by these authors have been dug away. New ones have appeared, however , 
and during the last few years a section with a thicker Allerod layer than 

F ig. 1. Section from Rucls Veclby B ri ckwork 's clay pit. The All eri:id layers app ear as two 
da rk lin es (gyttja), separated by a light one. T he samples for C1 4-clat ing a nd poll en 

analysis were tak en at the place m arked by lh e spade. 

formerly known from this place has been left untouched, because the 
clay here is too rich in lime and organic material for brickwork purposes. 

The wall of this section faces west so that its length lies N- S. It is 
here possible to follow an Allerod horizon over a distance of about 15 m. 
(fig. 1). The Allerod layers appear, especially on t he right in t he picture 
(S) , as two dark lines (gyttja) separated by a light one (lake marl) , but 
the dark lines increase in t hickness to the left (N) and gradually converge, 
while the light one thins out and disappears. The total thickness of the 
layers also increases a little and by levelling it was seen t hat t he height, 
both of the lower and upper border of the layers , increases slight ly 
towards t he northern end. This shows that the former lake basin in 
which the layers were formed, that is at the place where the profile 
has been exposed , had its greatest depth in t he southern part, where, 
it may also be observed, the series of layers are most regular. It was 
decided, therefore , to take t he samples from this part of t he section 
(marked by the spade in fig . 1). The upper part of the Younger Dryas 
clay and post glacial deposits formerly covering t he late-glacial layers 
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Fig. 2. T he part of th e sec tion from whi ch Lhe samp les for C14-claLing and poll en a nalysis 
were taken . The length of lhe rule i s 2 m. 

have been removed but the thickness of the Younger Dryas clay may be 
estimated to be about 3- 4 metres. 

The sequence of t he layers yielding t he samples for C14-dating and 
pollen analysis is described in the following from the top downwards 
(cp. fig. 2). Somewhat unpracticalJy , it must be admitted, as far as the 
description is concerned, t he zero-line was placed, intentionally, at the 
lowest part of the section. 

- 245 cm. Dug away. 
245 - 77½ ,, Stoneless clay, m the topmost part yellow-brown, 

weathered, downwards yellowish-grey, at the bottom 
blue-grey a nd unweathered. The layer 146- 113 cm. rich 
in alternating peaty and finegrained sandy stripes. The 

77 ½- 77 

77 - 75½ 
75½- 74½ 

" 
" 

lowest 4- 5 cm. containing gyttja. 
Black drift gyttja, that is to say gyttja rich in floated 
organic material. 
Blue-grey to blue-black calcareous clay gyttja. 
Black-brown drift gyttja rich in wood remains. 



74½- 70 cm. 

70 55 

55 - 53 
53 - 42 
42 37 
37 - 34 
34 - 30 
30 - 28 
28 - i 

" 

" 

" 

" 
" 
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Very clearly laminated gyttja with changing content of 
drift (floated material) , lime and a little clay. Colour 
varying between whitish-grey, grey and grey-black. 
Whitish-yellow lake marl ; two grey-black stripes con­
taining drift gyttja at 68- 66 cm. and 64-63 cm. 
Grey calcareous gyttja. 
Olive-grey detritus gyttja, slightly clayish. 
Grey clay gyttja. 
Olive-grey clay gyttja containing fine sand. 
Stoneless grey-blue clay. 
Fine-sandy olive-grey clay containing gyttja. 
Stoneless grey-blue clay. Except for the upper few cm. 
this clay is noticeably laminated with numerous stripes 
of fine sand, in most cases exceedingly thin. The first 
clear sand stripes are found at 17, 12, 8 and 3 cm. The 
clearly laminated clay with fine-sand stripes is glacial 
clay ( deposited in the ice-dammed lake) while the 
overlying clay must be classified as Older Dryas clay or 
slope-washed clay. It is not possible, however, at this 
place to point out any clear limit between these two 
kinds of clay. 

Shells of Anodonta are found scattered in the two strata 30- 28 and 
37- 34 cm. but in no other part of the clay below the gyttja layers are 
molluscs found. On the other hand, varying quantities of molluscs occur 
in most parts of the series of layers above and especially is the lake marl 
rich in shells. Anodonta and Sphaeriidae predominate. 

For taking the samples for C14-determination a rectangular hole of 
1-2 meters square was dug. As the digging progressed the surface of 
layers chosen for samples was laid bare and cleaned, and then the layer 
was sliced off with a thickness of ½- 1 cm. The C14-samples which were 
dated are indicated on the pollen diagram pl. XII at the extreme left. 

Rebedded Pollen. Construction of the Diagram. 

In order to make a better comparison between any measurements 
that might be made the pollen samples were all treated in the same 
way. They were first treated with HF (gently boiled for 3-15 minutes 
depending upon the quantity of mineral material) , then acetolysed and 
after a short boil up in KOH they were washed with water and glycerin. 
Finally they were stained with fuchsin. 

As was expected the very clayey samples contained great numbers 
of rebedded, secondary, pollen grains. IVERSEN (1936, 1942), however, 



125 

has shown that in many cases it will be possible to eliminate this source 
of error, so serious for a pollen diagram, if the number and composition 
percent of the secondary pollen types occurring are known. In this case 
it might seem possible, from the lowermost part of the glacial clay, to 
get a sample whose content of pollen grains must be expected exclusively, 
or almost so , to be of secondary origin. It must be expected, further­
more, that these pollen types and the distribution of them will be the 
same, on the whole, as found in any other clayey stratum in the section, 
because all clay in the various strata of the clay pit must have its origin 
from morainic material. Such a sample has been taken from the bottom 
of the clay pit a few m. from the section investigated. The sample was 
relatively rich in pollen grains and its pollen spectrum is shown in tab. I , 
col. 1. In the upper part are given those types which are definitely 
secondary and the percentage calculation is based on their total. Below 
this group a spore type and " Hystrix" are given which might both be 
included in the total. In the lower part of the table are recorded those 
types occurring as both primary and secondary. The terms " Triangularia" 
and "Hystrix" are used in the same way as by IVERSEN (1936, 1942)1). 
P /P, 1 and P /P , 2 are two groups comprising pollen grains belonging to 
the Pinus-Picea-Abies group (mainly Pinus) but differing from Pinus 
silvestris. 

During the countings of the samples which form the pollen diagram 
all pollen types definitely acknowledged as secondary were separated. 
After having finished the countings all the secondary pollen was put 
together and a percentage calculation was made on this basis. The result 
is shown in tab. I, col. 2. 

The two pollen spectra recorded in the table agree particularly well in 
most details and I had no hesitation in using the sample just mentioned 
as a basis of subtraction for those samples containing both primary and 
secondary pollen. It should be added that for those samples with high 
content of secondary pollen the composition has been checked and in 
every case a satisfactory agreement was found. It must be noted that a 
few pollen types, other than those recorded in tab. I , were found in the 
sample from the glacial clay, viz. Caryophyllaceae, Compositae Liguliflorae 
and Tubuliflorae, Umbelliferae, Dryopteris Linnaeanum ( = Thelypteris 
Dryopteris) and Selaginella Selaginoides. They appeared very sparsely, 
their total only covering 1.2 %- Among these, Selaginella is , doubtless , 

1) The group "Hystrix" includes different t y pes. One of these shows similarity to 
cysts from a single species of dinoflagellate studied by NoHDLI (1951). BRAAHUD (1945), 
however, has photographs of other dinoflagellate cysts (3 species) which show no resem­
blance to any type of "Hystrix". So far too little is known a bout the cysts of clinoflagel­
lates, and it is not poss ible from these papers to decid e if any type of "Hystrix" may 
be identical with any cyst of clinoflagellates. Cfr. a lso EnoTMAN 1954. 
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1 

Fagus ................. . . . ........ . . 
Alnus. . ........... ...... . . .. . .. .. .. 13 
Corylus- lype...... . . . . . . . . . . . . . . . . . . . 27 

Quercclum :\Iixtum....... . ... . ...... 2.7 
Carya , Plerocary, Carpinus... .... ..... 2.s 

Rhus-lype. . ... . ....... . ........ ..... l .:i 
Caslanea-type. . . . . . . . . . . . . . . . . . . . . . . 0.o 
Jug/ans........ . ..... . .............. O.t 
Nyssa.............................. o .• 
"Tria ngularia" ...................... ' 0.2 

Tsuga........ . ... . . . ........ . . .. ... 0.,, 
Seqoia-type.. . . . . . . . . . . . . . . . . . . . . . . . . J ·• 

Pinus Haploxylon-type. . . . . . . . . . . . . . . 6.u 
P / P, 1.. ........ ..... ......... ...... 20 
P / P, 2........................... ... 24 

Pollen total. . . . . . . . . 1055 

Thelypleris paluslris-lype. . . . ... . .. . . . 2., 

" I lystr ix" . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Sa/ix .... .... .... . . . . . . . ........... . 
Belula ............................. . 
Pinus silveslris-type .. ..... .. ....... . . 
Ericales . . . .. . .. ...... .. .. ... .. . . .. . 
Cramineae ............... . ......... . 
Cyperaceae ......... . ..... . ...... ... . 
Arlemisia . ... . ................ .. . .. . 
Chenopodiaceae .................. .. . . 
Sphagnum .. .. . ... .. .... ..... . ..... . 

0.5 
19 
28 

l.s 

11 

6 

l.2 

1.3 

12 

2 

X 

11 

27 
].9 

J.9 

1.6 

0.9 
0.1 
0 .3 

0.s 
0.2 

1 .2 

5.6 
24 
24 

2643 

3.s 
22 

Tab. I. Column 1 shows the pollen spcclrum of a sampl e of glacial clay from the 
bottom of the clay pit. Col. 2 shows a spectrum based on the total of the definitely 

seconda ry types from all samples in the pollen diagram. 

primary but regarding the others it is difficult to decide if a few may be 
primary or they are all secondary. It must be expected that among those 
types recorded in the lower part of the table, especially Salix, Gramineae 
and Cyperaceae, some pollen grains may originate in primary occurrence 
but statistically it will be of too little importance to influence the shape 
of the curves in the diagram. Finally a great "varia" group comprising 
indeterminable pollen grains and spores, most of them very badly 
preserved, was separated. It is very difficult to fix a line of demarkation 
for this group and for this reason it has not been included in the sub­
traction calculation. 

On the pollen diagram , pl. XII, is shown, on the extreme right, the curve 
for the secondary, rebedded, pollen calculated on the total of primary 
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and secondary pollen, after having made the subtraction in the way 
indicated by IvERSE~. When this curve is compared with the profile 
diagram on the left showing the stratigraphy of the section it is clearly seen 
that much secondary pollen corresponds to a high clay content. It should 
be noticed that inclusion of the " varia" group in the calculation would 
involve higher values for secondary pollen at all points along the curve. 

For some time it has been common practice in late-glacial pollen 
diagrams to include pollen from both trees and herbaceous plants in the 
total on which the percentage calculation is based , and the same principle 
has been followed here. Usually, however, only pollen from wind pol­
linated terrestrial plants is included, but here pollen from insect pollinated 
plants and spores from Pteridophytae have also been included in the total. 
On the other hand, pollen and spores from water- and swamp-plants 
have not been included. In most cases it is easy to decide whether a pollen 
or spore type belongs to the terrestrial or the aquatic group , but doubt 
can occur when it is not possible to refer a type to genus or species . In 
Umbelliferae, for instance, both land- and water-plants are found and 
therefore pollen from this family has not been included in the total. 

The pollen diagram itself has been constructed according to the prin­
ciple used by I VERSEN several times in late-glacial diagrams, only dif­
fering in a few points. In the left is a main diagram (A) giving an im­
mediate impression of the oscillations between the pollen originating 
from trees (white area) , shrubs and dwarf shrubs (dotted area) and 
herbaceous plants (hatched area). The trees include Populus , Pinns and 
Betula, the curves for which are recorded within the area of the tree 
group . Salix , Juniperus, Hippophae, Helianthemum and Ericales are 
classified under group heading " shrubs" (incl. dwarf shrubs). Silhouette 
curves for these , except for Ericales, are given on the right with the same 
dotting as the total curve, in so far as space permits. Where the curve is 
too thin it has been filled out in black. The demarkation of the her­
baceous plants has already been mentioned and the curves for the most 
important of these are given in the same way on the right, under heading 
B , partly as symbol curves and partly in silhouette form. In a table 
further on all other pollen and spore occurrences are recorded. All curves 
for pollen and spores are drawn to the same scale to permit of direct 
comparison over the entire diagram, but some of the silhouette curves 
are, in addition, drawn to a scale of 5: 1 in order to give a better impression 
of their course. 

The Pollen Diagram (pl. XII). 

In the main diagram is seen the typical development of a Danish pollen 
diagram including the pollen zones I - III (the zonal division according to 
KNuD JESSEN (1935), I Older Dryas, II Allerod , III Younger Dryas). 
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The pollen zones appear at both sides of the diagram. In the zones I 
and III the curve for herbaceous pollen shows very high values compared 
with zone II , especially the middle which is , doubtless, the warmest part. 
The tree curve, on the other hand, has just the opposite course with 
its highest values in zone II ; in this curve B etula is the decisive factor. 

As in most other eastern Danish diagrams only a small part of zone I 
is represented. To be sure, pollen of primary origin can be pointed out in 
strata lower than those included in the diagram, thus , for example, 
rather much Artemisia is found in a sample from O cm.; however, re bedded 
pollen predominates to such a degree that much time will be required 
and it will be very difficult to carry out reliable countings. Finally, 
these clay strata in zone I were doubtless deposited in the course of a 
very short time, so that analyses of samples only a few cm. lower than 
those recorded here cannot be expected to give new information of 
essential importance. 

Except at the bottom the pine curve shows but little variation through­
out the entire diagram and Pinus has hardly, at any point of time during 
the late glacial period, been of any real significance at this place. In the 
lower part of zone I Betula is but slightly represented and probably birch 
did not invade the region until a time almost corresponding to the lower • 
most analysis in the diagram. Abruptly the curve rises, however, signi­
fying that birch has spread quickly. Where, in zone I, Pinus and Betula 
are absent or only represented to a minor degree the Salix curve has 
a remarkable maximum. The relatively high frequencies of the Hippophae 
curve in the first phases of zone I , where trees are still of but little im­
portance, is a feature characteristic of most Danish late-glacial diagrams. 
In the same way, Helianthemum most frequently exhibits characteristic 
occurrence in older parts of late-glacial time, frequently-as here­
towards the end of zone I and the beginning of zone II. It is seen that 
among the true herbaceous plants Gramineae and Cyperaceae produce the 
greatest quantity of pollen, but also Artemisia plays an important role , 
especially at the beginning. Although relatively sparsely represented 
Dryas and Plantago maritima show characteristic occurrences limited to 
zone I and the beginning of zone II. 

Alleriid time, zone II, as a whole, is distinguished by the increase of 
the Betula curve at the expense of the herb pollen, especially that of 
Gramineae , Cyperaceae and Artemisia. In addition, the curves for Populus , 
Juniperus, Filipendula and Urtica show distinct maxima, and finally 
rebedded pollen shows a pronounced minimum. The small quantity of 
rebedded pollen indicates that the supply of clay to the basin was slight 
and this, again, is conditioned by the fact that the vegetation was dense 
enough to prevent-either wholly or in part-an outwash of clay from 
the surface. 
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In most of I VERSEN's late-glacial iliagrams B etula has a definitely 
forked graph in Allerod t ime, indicating two warmer periods separated 
by a cooler one . Provided the same division were used here the first 
B etula maximum (and herb pollen minimum) would have to be placed 
at about 56 cm. , at the beginning of what is here called II a , and the 
second maximum would have to cover what is h ere called II b . This 
parallelization may be right but it is not quite clear and therefore zone II 
has here been ilivided into 3 sections, a , b and c, according to a principle 
differing slightly from that just mentioned. II b , then , will be the warmest 
par t of Aller0d time with a minimum of herb pollen . At t he same time 
Populus , F ilipendula and Urtica , all of them requiring a relatively warm 
climate, have their m ost frequent occurrence. 

The shape of the curve for B etula in zone II is very irregular . This 
can not be caused by statistical uncertainty , because t he number of 
pollen grains counted per analysis was, on an average, rather high, 
c. 700- 1000. Therefore this irregularity must be explained by local oscil­
lations of the t ree and shrub growth in the immediate neighbourhood. 
This explan ation sounds very r easonable when it is remembered that this 
basin was only one out of several small ponds lying in a clayey, hilly 
country with a shrub growth consisting of birch , willow and juniper , 
growing right up to the water's edge. A rather large content of twigs and 
small sticks (no doubt m ainly Salix ) in some of the upper strata of zone II , 
washed into the basin from the immediate surroundings, are evidence 
that conditions like these prevailed at that time. 

Until the beginning of zone II b the Salix curve oscillates the opposite 
way to Betula; presumably these oscillations are climatically conditioned. 
The great Salix m aximum, however , in t he upper part of zone II b and 
in zone II c, must b e local , determined by soil and moisture conditions 
at t hat par ticular place. As mentioned above, a rather thick willow copse 
probably grew around the edges of the basin. 

The curve for J uniperils shows in zone II a a clear increase, resulting 
in a pronounced maximum in zone II b. An abrupt fall , however, ter ­
minates the maximum towards the end of zone II b , and t hroughout 
t he rest of t he diagram the juniper curve is more or less uniform, with 
fairly low values. The explanation of this peculiar course may be that 
the conspicous rise is caused by the better climatic conditions in zone II, 
which still persist , even after the fall. However , juniper requires much 
light and possibly the effect of shade from the other tree- and shrub­
vegetation has r educed flowering but not prevented the growth already 
existing from continuing for some time. 

Some of t he features ilistinguishing zone III ar e the same as those 
found in zone I. The B etula curve is pressed back, especially by Gramineae 
and Cyperaceae , and P opulus, Filipendula and Urtica show a marked 

D. G. U. JI. rk., nr. 80. 
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decline. The Artemisia curve shows a small but definite rise and Hippophae 
and Helianthemum appear again, although very sparsely. Dryopteris 
Linnaeanum ( = Thelypteris Dryopteris) is found throughout zone II­
in II a only in small quantities but more generally in II b and c ; in 
zone III, however, it has a pronounced rise. From other Danish diagrams, 
e.g. H arndrup (DEGERBOL & IVERSEN 1945), a similar curve with a 
maximum in the first part of zone III is known. In zone II climatic 
conditions must have been excellent for Dryopteris Linnaeanum but most 
probably the effect of shade reduced the spore production, so that light 
conditions and not climate is the real reason for the maximum in the 
beginning of zone III. 

Remarks upon some of the Plant Species demonstrated. 

The above should be sufficient to give the diagram its exact position 
in the development, as far as it is known, of t he late-glacial period. 
Beyond this, however, some remarks must be made on a series of pollen 
types, recorded either in t he diagram or in tab. II. A washing sample 
from the layer 74½-75½ cm. has yielded some macro fossils, identified 
by Miss I NGER BRANDT, M. S. , and they, also, will be dealt with. 

A great number of t he pollen types found are briefly described in t he 
keys given by FA:GRI & IVERSEN (1950) , but the identification has, in 
every case, been based on comparison with modern pollen. Some of the 
pollen grains found have been photographed, both in support of and as 
a documentation of the determination. For economic and space reasons 
none of these pictures have been published , but they are available in the 
collection of pollen photographs to be found at t he Geological Survey of 
Denmark. Where a photographed pollen grain is mentioned in t he following 
it will be marked in the text by the photo-no. of the grain in question, 
for ex. (phot. DG U a 8ll). Information concerning plant distribution 
within Fennoscandia referred to in the following is mainly based on 
E. H uLTEN (1950). The nomenclature is the same as used by RYLANDER 
(1941). The late glacial occurrence of most plants mentioned here has 
been dealt with by IvERSE (1954) in a broader connection than here. 

Astragalus alpinus. One pollen grain from the t ransition between 
zone I and II has been attributed to this species. At the present time 
A. alpinus is an arctic montane species with a circumpolar distribution 
and it is widely distributed in the . Scandinavian mountains. In the last 
few years the presence in Denmark of a rather large number of pollen 
grains of Astragalus alpinus from zone I- III has been proved, and in 
Ireland one grain is known from zone I (MITCHELL 1953). 

Betula. In the stratum 7 4½- 7 5½ cm. were found several fruits of Betula , 
most of them belonging to B. pubescens. It was not possible to prove that 
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B. nana was present but as the state of preservation was bad, B. nana 
cannot with certainty be excluded. Size measurements of birch pollen 
have been made in 7 different samples from zone II : 2 from II a , 4 from 
II b and 1 from II c. In every case 100 grains were measured. The results 
of the measurements were surprisingly uniform: it was not possible to 
point out any difference in size from sample to sample and no tendency 
for them to be distributed according to different size orders could be 
observed. From this result it would appear that broad leafed birch pre­
dominated throughout Alleri::id time at this place. It may be mentioned 
that corresponding measurements from Bornholm (IVERSEN 1954) in­
dicate , on the contrary, a preponderance of B. nana in zone II. In most 
other places in Denmark, however , broad leafed birch seems to have 
been in the majority in zone II. 

Botrychium. Most of the spores found agree fairly well with B. Lunaria 
which, at the present time, is widely distributed both in Denmark and 
Fennoscandia. However, the various species of this genus are closely 
related to each other and difficult to identify from the spores. Scattered 
occurrence of Botrychium spores, as here, will be seen in most Danish 
late-glacial diagrams. 

Campanula. One pollen grain from zone II b (phot. DGU a 461). 
Identification of species was not possible, but it agrees with C. rotundi­
folia, the occurrence of which would be likely. Species other than this 
must also be considered. 

Caryophyllaceae. Among the relatively few pollen grains belonging to 
this family a single one has been attributed to cfr. Viscaria (76 cm. (phot. 
DGUa 881)) . 

Compositae. Most pollen grains belong to the sub-family Tubuliflorae. 
Two of these are of the same type as Cirsium (73 cm. and 68 cm. (phot. 
DGU a 533 and 534)) and 6 grains are classed as Saussurea alpina. 
Regarding the latter, determination in two cases may be regarded as 
certain (76 cm. and 68 cm., phot DGU a 535 and 532) , while the re­
maining four can only be termed cfr. S . alpina. 

Dryas octopetala. As the occurrence of this plant has given rise to the 
term Dryas Period it has been a little unsatisfactory, hitherto , not to find 
its pollen in late-glacial deposits. However, the main reason is , no doubt, 
that the pollen grains were relatively difficult to identify. Furthermore, 
it is insect pollinated, so that only small quantities of pollen can be 
expected . In a late-glacial diagram from Scania, however , BRORSON­
CHRISTENSEN (1949) has been able to record it and he has given a fairly 
thorough description of its pollen. In his diagram Dryas has a clear 
maximum in zone I. In the present case, also- as well as in other late­
glacial deposits during recent years- it has been possible to include 
Dryas. Although the occurrence is slight it will be seen t hat it is restricted 
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-almost entirely- to zone I , thus agreeing with the curve of BRORSON­
CHRIS'rENSEN and with the idea of a Dryas period. Concerning zone III it is 
impossible to judge here because this zone is represented by too few samples. 

Ephedra. One pollen grain of E. cfr. distachya from zone II b. Rebedded 
pollen was not found in this sample and the occurrence here is in full 
accordance with what is otherwise known about the appearence of 
Ephedra pollen in other Danish deposits (IVERSEN 1951 , 1954). In zone I 
3 grains were found (1 from 32 cm., 2 from 24 cm.) resembling E. distachya 
somewhat but not identical with it. The E . strobilacea-type is also repre­
sented, by one pollen grain from 24 cm. (phot. DGU a 431). The last 
four mentioned originate from the lowest samples in zone I which contain 
very much secondary pollen and there can hardly be any doubt that they 
are secondary. Pollen grains of the genus Ephedra have been found in 
tertiary lignite in Germany (THIERGART 1940) and, likewise, a single 
grain of the E. strobilacea-type has been found in tertiary lignite from 
Denmark (P. IKGWERSEN, personal communication). A secondary occur­
rence in the late-glacial clay is thus probable, even though it was not 
found in the sample from the bottom of the clay pit. 

Filipendula. It has not been possible to distinguish between F. Ulmaria 
and F. vulgaris. According to its character and distribution the former 
must be expected to have had good conditions during Allerod time and 
it will be reasonable to assume that most of the finds in this case, at any 
rate, will be F. Ulmaria. 

Gentiana Pneumonanthe. One pollen grain from zone IIb (phot. DGU a 
482) . Pollen grains of this species are among the largest in Gentianaceae, 
they are clearly and sharply striated and have numerous fine perforations. 
At the present time the distribution of the species within Scandinavia is 
confined to the south, where it occurs only in the most southerly part of 
Norway and the most south-westerly part of Sweden. Towards the east, 
however , it continues into Siberia and we have a few scattered occur­
rences in east Fennoscandia. As far as is known t here is no preceeding 
record of this species from late glacial time. 

Geiim sp. One pollen grain from zone IIb (phot. DGU a 571). 
H elianthemum. All pollen grains found must be attributed to H. oelan­

dicum s. 1. which seems to predominate everywhere in Danish late-glacial 
deposits , while H. cfr. nummulariiim is found only here and there (cp. 
IVERSEN 1944) . 

Isoetes sp. A single micro spore from zone III. Normally this plant is 
connected with markedly oligotrofic water but the content of water 
plants here clearly indicates eutrofic water and the occurrence of I soetes 
looks very peculiar. As only this single spore has been found a secondary 
occurrence cannot be entirely excluded. Another possible explanation is 
the relatively slight competition from other plants. 



134 

Lycopodium. The spores found are distributed in the following way: 
L. annotinum 3 (zone Ila and IIb) , L. cfr. complanatum 1 (zone I /II) 
and L. S elago 2 (zone IIb and III). 

Menyanthes trifoliata. Some seeds from the stratum 74½- 75½ cm. The 
occurrence of pollen seems restricted to zone II . 

Parnassia palustris. Two pollen grains from the lowest analysis in 
zone I. Other pollen grains than these of the same species , found in other 
Danish samples from zone I , have been photographed. 

Plantago. Pl. maritima has already been mentioned. One of these 
pollen grains has been photographed (DGU a 271). Two grains of Pl. 
media are recorded, from zone IIc (phot. DGU a 272) and zone I , 
and one grain of Pl. cfr. media from zone I (phot. DGU a 281). One 
grain of Plantago sp. was found in zone III. 

Potamogeton. Several fruit stones of P. natans in the stratum 74½- 75½ 
cm. The genus Potamogeton is by RAUNKilER divided into the sub-genera 
Eupotamogeton and Coleogeton and it is also possible to follow this distinc­
tion in the pollen (IVERSEN 1946, p. 224). With the exception of two all 
the pollen grains found belong to the sub-genus Eupotamogeton to which, 
among others, P. natans belongs. The two pollen grains of Coleogeton are 
both from zone Ila. P. filiformis and P. pectinatus are the most im­
portant species in Coleogeton. The first is often found in late-glacial depo­
sits while the latter has not been found so far. 

Potentilla. It has not been possible to make any determination of spe­
cies. Most probably the majority of the pollen grains belong to P. palu­
stris. One grain of P. cfr. palustris from zone IIb has been photographed 
(DGU a 303). 

Ranunculaceae. One pollen grain of Caltha palustris from zone II c. 
The other grains, for the main part at least, must be classified as belong­
ing to the same group as that to which Batrachium belongs, but no attempt 
at a more definite determination was made. One seed af Batrachium sp. 
was found in the layer 74½- 75½ cm. 

Rubus. 15 pollen grains which are classified as R. arcticus vel. saxatilis 
were found in zone II-mainly IIb. Three of them have been photo­
graphed (DGU a 802, 811 and 812). These pollen grains are relatively 
small, on an average about 25 µ in length, and they have a fine foveolate­
reticulate sculpture, frequently arranged in a striate-rugulate pattern. 
Pores may be indicated, to a greater or lesser degree, by constriction of 
the furrow. These pollen grains agree perfectly with R. arcticus and 
saxatilis, while all other Rosaceae examined must be excluded. R. arcticus 
and saxatilis resemble each other so much that it is hardly possible to make 
a determination of species on the basis of a single grain. But measurements 
of modern pollen grains of the two species from different localities showed 
that the polar area of R. arcticus was generally considerably larger than 
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that of R. saxatilis. The polar area index (FlEGRI & IVERSEN 1950, p. 29) 
varied in the two species in the following way: R . saxatilis 17-37 , more 
than 30 was unusual, R. arcticus 26- 52, less than 30 was unusual. Among 
the 15 pollen grains found here 12 had a polar area index varying from 
17 to 25, and the figures for the last 3 were 26, 31 and 35. This result 
indicates that most of the pollen grains belong to R. saxatilis but it does 
not exclude the possibility of R. arcticus being represented. Macroscopic 
remains of R. saxatilis have been found on one occasion in strata from 
Allerod time (HARTZ & MrvrHERS 1901) while R . arcticils has never 
been found. 

Rumex. The curve in the diagram shows the R. Acetosa-Acetosella type, 
to which also R . thyrsiflorus belongs , and no determination of species 
has been attempted. One grain of R . cfr. domesticus was found in zone Ilc 
(phot. DGU a 791). The pollen grains of t his species are larger than 
those belonging to the type mentioned above but they rather closely 
resemble R. aquaticus, H ydrolapathum and obtusif olius. At the present time 
R . domesticus is found right up to the northernmost parts of Scandinavia. 

Solanum Dulcamara. Two pollen grains from 47 cm. (phot. DGU a 
801) and 56 cm., zone Ila and Ilb respectively. The grains of this species 
are recognized especially by the small size, the very marked transversal 
furrows and the smooth surface. At the present time the distribution of 
the species within Scandinavia is entirely confined to the southern parts 
and it is , doubtless , one of the plants which, in Allerod time, demanded 
the greatest warmth. 

Sparganium. The few pollen grains found all originate from the cooler 
periods of late-glacial time. By aid of the distribution of columellae it is 
possible, to a certain degree, to divide the genus into different groups. 
Any exact determination of species has not been attempted here but it 
was evident that at least two different species were present. 

Typha latifolia. One pollen tetrad from zone II c. This species has a 
southern distribution similar to Solanum Dulcamara. 

Urtica. One seed of U. dioeca from the stratum 74½- 75½ cm. Pollen 
grains of U. urens and dioeca can be distinguished from each other by 
the columellae which in the former are more distinct and more regularly 
distributed . A more thorough examination of a number of late-glacial 
pollen grains of Urtica showed that only U. dioeca was present. BRORSON­
CHRISTENSEN (1949) has a pollen curve for U. cfr. dioeca from Scania and 
he also has a maximum in zone II. Seeds of Urtica dioeca have been found 
before in Danish Allerod strata (e.g . K. JESSEN 1924) . 

Remains of Fishes. 

In the samples for C14-determination from zone II a few macroscopic 
remains of two species of fish were found. 
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Esox lucius , pike. Articulare and one fragment of frontale from the 
stratum 74½- 75½ cm. 

P erea fluviatilis , perch. A few scales from the strata 54-55 cm. and 
66- 68 cm. 

Both species are frequently found in late-glacial fresh water deposits. 

C14 -datings . 

Ruds Vedby is not , it must be admitted, the place one would choose 
when it is a question of obtaining as varied a representation as possible 
of the late-glacial flora. The soil conditions, especially, are too unfavour­
able for that. The purpose of the investigation, however, was- first and 
foremost - to obtain as accurate a dating as possible of the late-glacial 
strata, partly by means of pollen analysis, partly by C14-dating. The 
pollen analytical dating has been discussed in the foregoing but the 
C14-dating is dealt with elsewhere, both as regards the more technical 
side (ANDERSON, LEVI & TAUBER 1953) and the geological significance 
of the dating (IVERSEN 1953). The following report of the C14-dating, 
therefore, will be fairly brief and it is entirely based on these two papers. 

The purpose of the C14-measurements was not alone to obtain exact 
determinations of age but also, as far as possible, to examine the suit­
ability of different geological deposits for this dating method. Deposits 
rich in lime were of special interest because the lime in one and the same 
stratum may have different origins and thus different original contents 
of C14 • Concerning this problem it is sufficient to say that the calcareous 
sediments from Ruds Vedby, according to the results obtained, gave the 
same dates as wood. 

The boundary between zone II and III is well defined in Danish pollen 
diagrams ; it is entirely climatically conditioned and has not been in­
fluenced by the immigration of plants to various places at various times, 
wherefore it must be synchronous everywhere. Therefore, special care 
has been devoted to this horizon, the end of Allerod time, in order to 
obtain a dating as exact as possible. Very large samples were taken from 
the stratum 74½- 75½ cm. and in the laboratory they were separated , by 
washing, into pure wood and peaty mud. Samples of lake marl were 
taken from the stratum 72- 73 cm. Three age-determinations were made 
from the wood sample, one determination from each of the other two, 
and the mean of these 5 determinations gave as a result 10.830 ± 200 
years in absolute age. Determinations made with underlying samples 
from zone II showed an increasing age with increasing depth and as a 
consequence of these dates the duration of Allerod time can be fixed at 
1000 years , at least (cp . the figures in the first column of the diagram, 
pl. XII). 
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The C14-datings from t he Allerod layers in R uds Vedby give- in con­
nection with other C14 -datings, both from Denmark and elsewhere- the 
final proof of synchronism of Allerod t ime wherever it has been demon­
stra ted . 

In connection with t he C14-measurements from Ruds Vedby measure­
ments of samples from lake Bollingso in Jutland were also made. One of 
t hese samples originat ed from t he zone border III/I V, t he transit ion 
from lat e t o postglacial time, and t his sample was dat ed as 10.300 ± 350 
years. This result is, fundamentally, in agreemen t with t he Swedish 
varved clay chronology. 

Dansk resume. 

Rucls Vecl by t eg lv::crksgrav i Vcst sj ::ellancl har gennem a clskilli gc a r v::cret 
et y ncl el m a l fo r geo log iske ekskursioncr, forcli cler her fincl es et a ben t All crocl­
profil, s0 111 vi ser sm uk ovcrensst emmelse m ecl lagfolgen i clet kl assiske p ro fil 
fra Allerocl i Norcl sj ::ell a ncl . P rofil et h ar fl g. uclseencle (smlgn. fi g. 1 og 2) : 
Buncllage ne b es t iir af sl:.crkt lagdelt iss0ler, som overst gar over i ned skylsler 
(A::ldre Dryasler). 0 ver st i nedsk ylslere t find es t o t y nde, gytj eh old ige striber 
m ed skaller af A nodonla. H erovenpa fol ger Allerodl agene, et 25- 50 cm tykt 
lag af organiske dannelser , over vejencl e gytj e. Pa fi g. 1 ses d e som to n10rke 
ba nd acl skilt af en lysere stribe (ka lkgylje), der kil er ud m od ven stre. Ovenpa 
Allerodl agene folger necl sk ylslcr fra Yngre D ryasticl. E n fy ldigere b eskrivelse 
af de geologiske forhol d i R uds Vecl by teglv::erk sg rav l:indes h os S. A. ANDER­
SEN (1941). 

F ra cl ette p rofil blev der i 1951 ucltage t prover ti l C14-clat ering og pollen­
a nalyse. Pa grundlag h eraf er d er ucla rbej clet et poll end iag ram . Diagrammet 
er v ist pa tavle X II, og y der s t til venst re er indsa t res ulta terne a f C14-cla teringen. 
Pa begge sider af diagrammet er angivet en zo nein dcl elin g (I : A:: ldre Drya s, 
Il: A ll erocl , I II: Yngre Dryas). P ollencl iagramm et ba r e l fo r d a nsk e senglaciale 
di agrammer t y pisk kurveforl ob. Urtepoll enkurven udv iser i zo nerne I og III 
mege t store v;:,e rdi er sa mmenlignet m ed forholdene i zone II, specie lt i dennes 
miclters te og utvivlsomt va rmest e de!. T r::cpollenku rve ns st ore v::crcl ier i zo ne II 
er is :-.-er be ti nge t af b ir kens (Belula) sto re h yppighecl . Blanclt urle rn e spiller 
gr::csser (G r am ineae) og halvgr ::esser (Cyperaceae) den storste roll e, og i zo ne I 
har bynkc (A rlemisia) en st or bet ydning. I zone I m a cles uclen bem::erk es 
karakt eristi ske, om end ret sma, fo rekomst er af Hippophae, P lan /ago marilima, 
Dryas og J[efi anlhemum. All eroclticlen v iser , forucl en clet t iclli gerc mev n te, 
karakteri stiske m ax ima fo r b ::cvreasp (Populus ), eneb::er (Juniperus), mj oclurt 
(F ilipendu la) og n ::elclc ( Urlica). Fra samme p eriocle ma n ::evnes enkelte fu nd 
af p ollenkorn af Ephedr a cfr . d isl achya, Genliana P neumonanlhe, So lanum 
Dulcamara og Typha lalif"olia, alle r ela tivt v armeknevencl e planter. 

Lerlagene, speciel t fra zo ne I , h avcle et sto rt in dhold af sekund::crt, omlejret , 
pollen , so m det irnicll erticl v ar muligt a t udskill e fra clet prim::er e pollen -
vecl en s::erlig subtraktionsb eregnin g pa gruncll ag a [ sammenlignin g m ed en 
prove af issoler fra bunclen a [ Leglv:-.crk sg raven . L ::cngs t tilhojre i cliagramm et, 
under C, viser en kurve det procenti ske inclholcl af sekuncl ::ert p ollen . D enne 
kurve giver samticlig e t uclm::erket udtryk for d e forskellige aflejringers ler­
indhold . Kurvens udpr::eged e minimum i zo ne II er ucl lry k for ringe lertilforsel 
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til det davrerende bassin, hvilket is rer er betinget af, at vegetationen i om­
givelserne nu var sa tret, at den helt eller delvis hindrede nedboren i at bort­
skylle leret fra jordoverfladen. 

Der fandtes i Aller odlagene enkelte makroskopiske rester af gedde og aborre. 
C14-dateringens resultater er p ubliceret tidligere (ANDERSON, LEVI & 

TAUBER 1953, IVERSEN 1953), m en sk al her kort mcvnes. 
Grrensen mellem Allerod og Yngre Dryas er ved C14-dateringen ofret srerlig 

omhu, fordi denne grrense i danske pollendiagrammer plejer at vrere vel 
markeret, og fordi den ma anses for overalt at vrere synchron. Gennemsnittet 
af 5 malinger af prover fra Allerodtidens slutning gav som resultat 10.830 ± 200 
ar i absolut alder. Bestemmelser udfort pa underliggende prover i zone II 
viste stigende alder med tiltagende dybde, og pa grundlag af disse dateringer 
ma Allerodtidens varighed ansrettes til mindst 1000 ar. Disse og andre C14-

dateringer giver tilsammen det endelige bevis for, at Allerodtiden er synchron 
overalt, hvor den er pavist. 

I forbindelse med C14-malingerne fra Ruds Vedby blev ogsa foretaget 
m alinger af prover fra Bollingso i Jylland, bl. a. af en prove fra overgangen 
mellem sen- og postglacialtid. Resultatet af denne ma.ling (10.300 ± 350 ar) 
v iser principiel overensstemmelse rned den svenske varvkronologi. 

D.G.F . 
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A late-glacial pollen diagram from southern 

Michigan, U . S . A . 
By 

Sv END TH. ANDERSEN. 

Danmarks Ceologiske Unclersogelse, Charlottenluncl. 

AbsLract. 

A pollen diagram representing 14 feet of clay and clay-gyttja at the bottom 
of a postglacial depos it from a pond in LiYin gsto ne Co., Mich igan, is presented. 
The pollen co ntents of the samples seem to indi cate a mixture of two vegeta­
tion t yp es, a northwes tern one (Picea dom ina nt, Pinus and Abies absent), 
and a southern on e (wiLh Quercus, Carya, Ulmus, Fraxinus etc.). Th e th eo ry 
is advanced that th e deciduou s forest tree poll en is rebedded from older, inter­
glacial depos its. A reconstruct ion of the real vegetation is attempted and its 
sLriking similarity to the contemporary late-glacial vegetation in N.W.-Europe 
pointed out. Its poss ib le importa nce for th e immigration of Corclilleran r elics 
now found in eas t ern America is discussed. An attempt of correlation with 
other late-glacial sequences is m ade. 

Distribution patterns of plant species are m certain cases difficult 
to understand in t he light of present day environmental conditions and 
dispersal possibilit ies alone, and plant geographers have to resort to the 
events of vegetational history for more satisfactory explanations. Dealing 
with such problems FERNALD in his famous work (FERNALD 1925) postu ­
lated that the presence of an allogenous flora at certain localities in 
eastern America could only be explained by assuming that these species 
are there relics of great age. During the Pleistocene glaciations , according 
to FERNALD, they persisted as nunatak survivors and as such lost their 
ability later to extend their area (cp. CAIN 1940) . In view of new geological 
and other evidence many of FERNALD's postulations have not proved 
tenable , and this complex problem is still not clearly understood (see a 
recent review by SCOGGAN 1950) . 

In the relic East-American flora FERNALD distinguished a Cordilleran 
element. These plants have a wide distribution in the Rocky Mountains 
to-day; some of them make a jump of several thousand km to their 
eastern occurrences, mostly around the Gulf of St. Lawrence, while 



141 

others have a few stations in the intervening area, especially in the Upper 
Great Lakes region (cp. FERNALD 1935). Concerning such species it has 
been suggested (MARIE VICTORIN 1925 , 1938, RoussEAU 1933, 1950, see 
also BbcHER 1951) that they together with arctic plants inhabited an 
unforested belt, which during the Wisconsin glaciation extended sou th 
of the ice border across the continent east of the Rocky Mountains. Under 
such conditions these plants would find the necessary migration possi­
bilities, as they are often of pioneer character and unable t o compete in 
closed communities. As t hey followed the retreating ice northward, they 
would become isolated at the present day relic localit ies , which seem 
particularly favourable for t heir preservation during postglacial time. 
According to the hypothesis of RoussEAU (1933) , "- - la causede l'isole­
ment, au lieu d 'etre la progression du glacier vers le sud, serait la montee 
vers le nord d 'unc vegetation luxuriante ." 

Geological evidence of frost action south of the Wisconsin ice in North 
America is plentiful (SMITH 1949, DENNY 1951) , but so far however paleo­
botany has given little support to the reality of RoussEAU's concept of 
a "corridor desertique bordant le glacier '' or the' 'kind of side walk extending 
from the Rockies to t he Gulf of St. Lawrence" as pict ured by MARIE 
VICTORIN. On t he contrary, there is evidence which apparently points 
in t he opposite direction. One such i_s the famous Two Creeks forest bed 
on the west shore of L ake Michigan (see location on fig. 1) described by 
WILSON (1932 , 1936) . H ere a vegetation of P iceaglauca grewcloseenough 
to t he ice front to be overridden by t he Manka to read vance and buried 
under glacial drift , and it may be implied that no space was left for an 
unforested belt (cp. COOPER 1942). Also pollen analysis has given evidence, 
which may seem negative. Pollen diagrams from the glaciated area and 
its vicinity to the south invariably start with a spruce zone (POTZGER 
1946, 1951 and earlier , SEARS 1942, DEEVEY 1949); and it is usually 
inferred that the oldest vegetation was a forest of the spruce-fir (Picea­
Abies) type. 

The discrepancy may not be so serious, however, as "spruce pollen 
zone" may not necessarily indicate a "spruce forest". As explorations 
in more recent years have shown, t he northern zone of coniferous vegeta­
t ion across Canada can hardly be termed forest as the stands are here 
very open giving ample space and light for the ground vegetation (see 
descriptions by RAUP 1941, 1946, H usTICH 1950, HARE 1950, DANSEREAU 
1944, 1951). A vegetation like this, however , will not show up in the pol­
len diagrams if they are confined to tree pollen alone, but indications 
m ay be found if also other associates are included in t he analyses. In 
northern E urope such a park-like vegetation (with birch instead of 
spruce) characterized the periglacial area in t he same period, its asso­
ciates proving to be light-requiring plants, among which Juniperus , 
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Artemisia, grasses and sedges were of particular importance (see recent 
summaries by FIRBAS 1950, GODWIN 1947, VAN DER HAMMEN 1951, 
IVERSEN 1954). Of great interest is t herefore DEEVEY's recent demon­
stration that a vegetation rich in herbs prevailed during the lower part 
of t he spruce zone in cen tral Maine in easternmost United States (DEEVEY 
1951). 

The present author has had the privilege to spend some time with 
Professor STANLEY A. CAIN at the University of Michigan, U. S. A. 
During this period a pollen profile of 40 feet of lake sediment representing 
the entire postglacial forest period was investigated. A continuation 
downward through clay sediments was obtained by drilling from the ice 
during the winter and these samples covering 14 feet were brought back 
and subsequently analysed in Copenhagen by the author. They form the 
basis of the present work. A few additional samples obtained later by 
Dr. Cain in an effort to extend the series further down proved younger 
than the oldest sample already obtained. 

The author wishes to express his gratitude to Dr. Cain for allowing 
this part of our material to be published at the present occassion, to 
Direkt01·, Dr . H. 0dum for being allowed to do part of the work at 
Danmarks Geologiske Unders0gelse, to Afdelingsgeolog J . Troels-Smith 
for letting the author use the facilities of the Bog Laboratory, National­
museet, when working there, and especially to Dr. Johs. Iversen for his 
unfailing interest in the work. Dr. G. Erdtman, Palynological Laboratory, 
Bromma, has offered valuable private information on modern pollen, and 
Dr. E. Hulten , Naturhistoriska Riksmuseet, Stockholm, has provided 
modern pollen of Elaeagnus commutata, for which the author's thanks 
are expressed. 

The an alysis of t he clay samples has shown them to be subject to one 
of t he most serious sources of error in pollen analysis, the probable influx 
of rebedded material from older pollen-containing deposits (cp. FlEGRI 
and IVERSEN 1950, and below). Its elimination on an exact basis accord­
ing to IvERSEN's method is not possible at the present. Nevertheless the 
problems indicated and some interesting pollen finds seem to justify a 
presentation of the material and an attempt to discuss the real compo­
sition of t he contemporary vegetation. 

The pollen samples were obtained in a small pond in the Edwin S. 
George Reserve in Livingstone County, Michigan (see location on map 
fig. 1) , owned by the University of Michigan. It is presumably a kettle­
hole, situated in an interlobate area of the Cary substage of the Wisconsin 
glaciation (see fig. 1). The deepest level reached was 57 feet below the 
present water surface, and it seems improbable that the lake sediments 
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Fig. 1. The main stages o[ ·wisconsin glaciation in central-eastern North America . 
1, Two Creeks locality . 2, Loca lion of poll en series from the George Reserve. Data from 

FLINT an d others 1945 (a few revisions have a ppeared in FL1:-s;T 1953). 

reach much deeper. The pond to-day is rather shallow, almost 50 feet of 
sediment being deposited on top of the oldest sample, and is now sur­
rounded by a local swamp forest of Acer rubriim, Populus tremuloides, 
and Larix laricina. According to t he pollen diagram no local swamp 
vegetation developed until sometime during t he postglacial period 
(about the 25 foot level) , and t he pollen production of t he local vegeta­
t ion of swamp trees , grasses, sedges, and water plants plays a minor 
role even in the subrecent pollen spectra. 

The samples were obtained by a peat borer of the Hiller type. They 
consist of the following sediments, 

55- 47 feet. Clay with very little organic content. Stiff and plastic. 
Colour light grey-yellowish. 

46- 42 feet. Clay gyttja. Soft and elastic, colour dark grey-yellowish. 
It gradually changes to organogenic sediment (gyttja) 
which constitutes t he upward continuation of the series . 

All samples were subj ected to treatment with potassium hydroxyde, 
hydrofluoric acid, acetolysis mixture, and staining with safranin. 

The results of the pollen analyses are presented in a diagram on plate 
XIII, diagram 1. In the pollen totals forming the bases of t he percentages 
are included all arboreal pollen (AP) and the sum of windpollinated herbs 
(NAP). The identifications of forest tree pollen are based on the author's 
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collaboration with CAIN, during which a large material of modern pollen 
was investigated; all other identifications were checked with modern 
pollen. Size-statistical data on the Picea pollen indicate the precence of 
two species with Picea glauca dominant; they will be published by CAIN 
and the author together with data on modern pollen. Below are given 
a few notes on the identification of some critical pollen types (cp. also 
ERDTMAN 1943, 1952, FA!:GRI and IVERSEN 1950). 

Juniperus-Thuja. Juniper pollen is indistinguishable from that of Tlrnja occi­
denlalis. As will be discussed below (page 150) it seems most likely that Juni­
perus is the one represented in the fossil material here presented. 

Popu lus. Jn the identification of Populus the author has been rather conser­
vative, causing, as it has proved later, its curve to be too low, and that of the 
Cyperaceae, accordingly, too high. 

Oslrya-Carpinus . The pollen grains of the North American species (0. uir­
giniana (Mill. ) K. Koch and C. caroliana \Valt.) are indistinguishable from 
each other. 

Elaeagnaceae. The pollen grains of this group were treated by ERDTMAN 

(1952). Shepherdia canadensis (L) Nutt. is readily distinguished. The pollen 
grains of Elaeagnus commulala Bernh. and Shepherdia argenlea Nutt. have the 
protruding pores so typical of this family (cp. IIippophae). They are best 
distinguished from each other by the size of the polar area, the colpi of 
Elaeagnus being extremely short (cp. plate VIII). Five grai ns of Elaeagnus commu­
Lala were found, two in the 55 foot sample, and the others in samples from 
other borings placed in relation to the series by pollen analyses (figures in 
parenthesis in the pollen diagrams). One of the fossil grains is illustrated on 
plate VIII. 

Saxifraga. Pollen grains of S. opposili{olia type are well known from late­
glacial deposits. To this type also belong S. aizoides L., S. Aizoon Jacq. and 
S. Lricuspidala Rottb. The grain found resembles the last of these very well. 

Only a few of the fossi l pollen finds are illustrated here. Photomicrographs 
of the following gra ins are on file at the Geological Survey of Denmark (D.G. U . ). 
Rumex (acelosella type), DGU a 951; Pulsalilla, DG a 745; Elaeagnus com­
mulala, DGU a 744, a 851, Polemonium, DGU a 741, a 921; Linnaea borealis, 
DGU a 746. 

Before the pollen curves of plate XIII, diagram 1 are discussed, attention 
is called to the character of the sediments (cp. the description above and 
plate XIII). Any European student of Pleistocene deposits finding such a 
clay sediment at the bottom of a gyttja deposit representing the post­
glacial period, would suspect it of being late-glacial, that is , contemporary 
with a forestless period when the climate was severe enough for slope­
washed clay and sand to dominate the lake deposit ... Where no actual 
permafrost can be demonstrated intensive solifluction according to TROLL 
(1944) is characteristic of climates with long periods of alternating frost 
and thaw. In boulder clay areas in Denmark there seems to have been 
a close correlation between severity of climate and the mode of sedimen­
tation in small lakes as revealed by detailed stratigraphical and pollen-
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analytical studies of late-glacial deposits (cp. IVERSEN 1947 , 1954, plate X). 
Also DEEVEY (1951 p. 197) seems to be of the opinion that a band of 
marly sediment intercalated between clay deposits at the bottom of his 
New England diagrams indicates an ameliorated climate with subsequent 
change back to cold conditions and clay sedimentation probably during 
a new ice advance . At the transition to the postglacial (forest) period 
organic sediment almost invariably replaces clay. One would, there­
fore , not hesitate to suppose that the clay sediment at the 55-47 foot 
levels in the diagram presented here was deposited during an unfavour­
able period, and that the gradual change to organic sediment indicates a 
definite amelioration of conditions. 

Turning to the pollen diagram, however, the picture seems much con­
fused. The composite diagram (A) shows the relative values of arboreal 
pollen (white area) and herb pollen (hatched area), and curves for Picea 
and Pinus, the dominants of the spruce and the pine pollen zones . Picea 
dominates untill it is replaced by Pinus in the top sample. It has a 
maximum of 50 % at 55 feet , then declines to values around 30%, and, 
as the sediment changes from clay to clay-gyttja, rises to another maxi­
mum around 40 % . In the clay samples Pinus is extremely low (1- 2 % ). 
Such low values of pine, one of the most prolific pollen producers of all 
trees , show that it can hardly have grown in the region at that time. 
The herb pollen frequency is relatively high in the clay, it declines in the 
clay-gyttja and remains insignificant in the gyttja series following above. 
In the clay high frequency is obtained by a series of southern deciduous 
forest tree genera, of which Quercus, Ulmus, Fraxinus and Ostrya­
Carpinus dominate , while others like Carya, Fagus , Acer saccharum, 
Juglans and Celtis obtain lower values, but occur constantly. In these 
samples also pollen of J uniperus (-Thi~ja?) and Populus is frequent , while 
that of Shepherdia canadensis , Salix , B etula, Abies, Larix and Alnus 
occurs rarely or only occasionally. 

For a discussion of the pollen flora of the clay samples the present 
day distribution of Picea , Abies and Pinus banksiana, the northernmost 
of the American pine species, is illustrated in fig. 2. On basis of the maps 
of HALLIDAY and BROWN (1943) are shown the areas where these genera 
obtain the highest population intensities in per cent of the tree stands. 
The Picea species constitute the main part of the boreal forest across 
northern Canada reaching the Arctic while the northern boundary of 
Pinus is found several hundred miles south of the forest border. In the 
southern parts of the boreal forest Pinus reaches highest frequency (be­
sides P. banksiana also P. strobus and P. resinosa are widespread) , and 
this is also the area, where Abies balsamea (cp. fig. 2) , Tsuga canadensis 
and Betula lutea occur abundantly (" region laurentienne" of MARIE­
VICTORIN 1935 and RAYMOND 1950). The absence, or rarity, of these 
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genera in the clay samples below 46 feet apparently indicates that the 
spruce vegetation of this period was of a northern (and western) type in 
terms of present day conditions, confirmed by the pollen finds of such 
northern plants as Saxifraga sp. and Linnaea borealis. Very strange is 
t herefore the abundance of pollen from the southern deciduous forest 
tree genera, all indicators of the Great Lakes-St. Lawrence forest or 
even more southern communities . Fig. 3 gives the northernmost bounda­
ries of ten such genera, all occuring in the clay samples. Of these Fraxinus 
and Ulmus today reach into the area of general Picea dominance. Quer­
cus, Acer and Ostrya barely touch this area, and Fagils , Jilglans , Oarya 
and Oeltis are restricted to areas, where Picea is of very little importance 
in t he general vegetation. Their northernmost occurrences are of a relic 
character (cp. DANSEREAU 1943, 1944), and are restricted to the zone 
where Pinus species, Abies and others are abundant (cp. also HARE 1950). 
Al together the general impression given by the flora of these clay 
pollen samples is that 0£ a mixture of two communities, which are eco­
logically difficult to reconcile. If the climate of the spruce period was genial 
enough for the southern deciduous trees , why are then Pinus , Abies and 
Tsuga so rare? One may suspect that the southern deciduous forest tree 
pollen somehow is foreign in the pollen contents of the samples. Signi­
ficant is the decrease of all these genera in the clay gyttja samples . If 
these southern trees really belonged to the contemporary vegetation, one 
would certainly expect them to profit by the amelioration in climate 
indicated instead of declining. 

One explanation might be contamination of the samples with material 
from the postglacial series above in spite of precautions taken during 
boring operations. The possibility can be ruled out, however, on the 
ground that pine pollen is so rare in the clay samples. In case of any 
contamination from younger deposits much pollen from the six feet of 
sediment, in which pine reaches a maximum of 70 % of all pollen, would 
inevitably have been carried down too. 

One might also think that the foreign pollen was windborne from more 
southern localities. Such far-distance transportation may play an im­
portant part in tundra areas to-day (AARIO 1940) , but again the very 
low frequency of pine pollen in the samples in question excludes the 
possibility. If so much pollen from deciduous forest trees was transported 
from the south by air currents, pine pollen in large quantities would 
certainly be present too. 

Only one explanation remains, the possibility that pollen from some 

Fig. 2. Distr ibution in North Amer ica of Picea species (glauca and mariana), Abies 

bafaamea, and Pinus banksiana. Hatched areas indicates population intensities for Picea 

above 30¾, for Abies above 10°/0 , for Pi/1/.1s above 200/o (data [or Canada only). Dala 
from HALLIDAY and l3nOWN 1943, and MUNNS 1938. 
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interglacial deposit mixed into the moraine was carried into the lake 
together with the slope-washed clay. This source of error in pollen ana­
lysis was demonstrated by IVERSEN (1936, cp. FAJ:GRI and IVERSEN 1950), 
and the frequent occurrence of rebedded pollen in clay sediments within 
the glaciated region of Northwest Europe is now generally recognized 
(e.g. SAURAMO 1949). Deposits from warm interglacials are numerous 
within the glaciated area of North America (cp. FLINT 1947), and it 
seems very likely that material from such a lake or bog was picked up 
by the Wisconsin ice and mixed into the moraine laid down around the 
locality here studied. This assumption would fully explain the fact that 
the pollen frequencies of all the southern deciduous tree genera decrease 
above the 47-foot level parallel to the decrease of clay content in the 
samples. Incidentally the same community of southern genera (Quercus, 
Oarya, Ostrya-Oarpinus, Ulmus, Fraxinus etc.) is met with in samples 
from later postglacial stages of the lake (above the pine period). Some 
such could very likely have grown around a lake during the last inter­
glacial period, thus becoming the source of the pollen occurring as re­
bedded in the clay samples. 

Diagram 1 C shows a curve for the summation of genera considered 
constituents of the rebedded material (including Quercus , Oarya, Fagus , 
Acer, Juglans , Ulmus , Fraxinus, Ostrya-Oarpinus, Oeltis , Liquidambar 
and Vitis). It shows low frequency in the bottom sample (15 %), rises to 
values of 30- 40 %, and, above 47 feet, decreases to 10 % . If this pollen 
material is rebedded, these genera are , of course, of no significance for 
the description of the contemporary vegetation, and must be eliminated 
from the pollen analyses, the basic assumption being, that the rebedded 
pollen constitutes a vegetational entity (i.e. a deciduous forest community), 
in which the important members of the actual flora such as Picea, Juni­
perus (-Thuja) , Shepherdia, Elaeagnus , Artemisia and others do not be­
long. However this may be, the new picture obtained rests on circum­
stantial evidence only, but is substantiated by its close similarity to the 
well-known late-glacial vegetation in Europe. One must keep in mind 
that some curves may still represent rebedded pollen (Populus , Oorylus, 
Betula, Ambrosia). Occasionally late-glacial deposits that are purely or­
ganic and devoid of contamination are found, and it is hoped that with 
good luck such will be found in this part of North America and give a 
more objective picture of the vegetation of this period. 

In the recalculated pollen diagram (plate XIII , diagram 2) the spruce­
dominated zone is divided into two subzones, the lower one comprising 
the samples 55- 47 feet and the upper 46- 43 feet. The lower subzone 
comprising the clay samples is dominated by Picea (40-60 % ), and is 
characterized by high frequencies of J uniperus (?) ( 10- 15 % ) , P opulus 
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Fig. 3. Northernmost boundaries of 10 deciduou s forest tree genera represented i the 
pollen sampl es . Redrawn after base maps in M UNNS 1938 of the fol owing sp ecies : Frax i­
nus nigra, Ulmus americana, Quercus macrocarpa and borealis, A cer saccharum, Ostrya 
virginiana, Fagus grandi{olia, Jug/ans cinera, Carya cordiformis, Gellis occidenlalis , 

Liquidambar slyraciflua. 

(5 % ), Gramineae (5 % ), Cyperaceae (15- 20 % ), Artemisia (10 %) and Am­
brosia (2- 3 % )- The total of herbs constitutes 30- 35 % of the pollen total. 
Constantly occuring is Shepherdia canadensis, and more occasional are 
Elaeagnus commutata , Linnaea borealis , Saxifraga sp. , Polemonium, Bo­
trychium, Rumex species of the section acetosella , and Pulsatilla. Some of 
the spruce pollen may have been wind-transported from spruce forests 
to the south, but its actual presence in the neighbourhood is demon­
strated by the finds of stomata from Picea needles (cp. TRAUTMANN 
1953) at all levels. An open tree stand is indicated by the light­
requiring Juniperus(?) , Shepherdia canadensis and the abundant herbs, 
especially Artemisia. Shepherdia canadensis is a low shrub now growing 
especially in openings of the northern spruce forests and of widespread 
occurrence; its southern limit to-day is just south of Michigan. Elaeagnus 
commutata is widespread in the Rocky Mountains reaching from Yukon 
to Utah and Wyoming and has a few isolated stations in Manitoba, On­
tario , Quebec and the Gaspe Peninsula, where it is a typical pioneer 
plant of open habitats on dry unstable soil. Linnaea borealis (var. ameri­
cana) is widespread in the northern coniferous forest and transgresses 
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northward into the tundra. Also Saxifraga triscupidata , which is wide­
spread in the Arctic , is characteristic of openings of the northern forests 
(RYDBERG 1922, MARIE-VICTORIN 1935, RAUP 1947 , SCOGGAN 1950). As 
above mentioned, fir (Abies balsamea) is almost absent from this vegeta­
tion. Its importance in the North American spruce pollen zone seems to 
have been overestimated (cp . the revised diagrams of POTZGER (1946) 
and also DEEVEY's New England diagrams (1951)). To-day this meso ­
phyt ic species reaches the polar forest border in Quebec-Labrador, where 
precipitation is high, and its highest concentration is in sout heastern 
Canada, (cp. fig. 2). It does not , however, reach far into t he Northwest 
where precipitation is low and summer droughts are frequent (cp. HALLI­
DAY and BROWN 1943, SANDERSON 1948), and its rarity in the spruce 
pollen zone may well indicate that the climate of t his period was drier 
than earlier realized. 

The resemblence to the contemporary European vegetation growing 
under similar conditions near the border of a continental ice sheet is 
striking and in t he author's opinion it substantiates the separation of 
primary and rebedded pollen types. Common to both areas are t he high 
frequencies of herb pollen, especially Artemisia, and the occurrence of 
Ohenopodiaceae, Botrychium, Saxifraga species, the Rumex species and, 
incidentally, also Polemonium (ALLISON, GODWIN and WARREN 1952, 
IVERSEN 1954). The question whether Juniperus or Thuja is represented 
in the m aterial from Michigan cannot be decided definitely, but the pollen 
curve looks exactly like that of Juniperus in many European diagrams 
with a pronounced maximum just at the point, where the herb pollen 
curve drops off (VAN DER H AMMEN 1951, ZAGWIJN 1952, IVERSEN 1954). 
Also species of the Elaeagnaceae seem to have been characteristic of these 
pioneer communi ties (in Europe Hippophae rhamnoides , in Michigan 
Shepherdia canadensis and Elaegnus commutata). 

At the bottom of the diagram (at 55- 54 feet) Picea is as high as 60 %, 
and t he herb pollen curves are low. The frequency of rebedded pollen is 
as low as 15 % in the 55-foot sample (see plate XIII C) indicating a lessened 
influx of slope-washed material (cp . IVERSEN 1953). Altogether a less 
cold climate is indicated, and it seems very natural to compare it with 
t he Two Creeks warmth interval. The lower values of Picea in the samples 
52- 4 7 feet indicates a more sparse tree vegetation due, then, to climatic 
deterioration during the Mankato readvance. This readvance seems to 
have been a vigorous one; it stopped at t he Port Huron moraine 100 
km to the north, altho ugh furt her westwards it reached lower latit udes 
(cp. fig . 1). By radiocarbon dating the Two Creeks interstadial has proved 
synchronous with the Aller0d warmth oscillation in North Europe (pollen 
zone II of t he JESSEN system) , the date being approximately 11 ,000 years 
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ago (FLINT and DEEVEY 1951 , IVERSEN 1953). If this is reliable the Man­
kato readvance and the tundra-like vegetation represented in the sam­
ples 53- 4 7 feet is contemporary with t he Younger Dryas period or 
JESSEN's pollen zone III. 

The upper part of t he spruce zone ( 46- 43 feet, plate XIII) is transitional 
to the pine period. Organic material now dominates the sediment, and 
influx of rebedded pollen is declining. The pinus curve starts rising and 
there is an increase of Picea , Abies, Larix and Alnus (and Sphagnum) , 
all of which disappear as Pinus reaches full dominance at 42 feet. The 
herb pollen total and Jiiniperus (?) drop off during this period indicating 
a denser tree stand. Altogether an improvement of conditions and 
probably slightly moister climate seem indicated. Abies (and Alnus) 
show a similar maximum in DEEVEY's New England diagrams (1951 , 
zone A3) intercalated between the level, where the herb pollen total 
reaches "normal" values (below 10 %), and the pine period. 

The interpretation of this fossil material as given above is on many 
points yet open to question , but it seems the one that best fits all the 
facts presented. If t he picture is true this late-glacial plant community 
conforms very well with the ideas of a periglacial forestless vegetation 
suggested by the botanists cited in the introduction (page 141 ). The theory 
of a connection with the Rocky Mountains open for the migration of 
pioneer plants across the continent as late as the retreat of the Wis­
consin ice is supported, as also demonstrated by the fossil finds of Elaeag­
nus commutata, one of the famous Cordilleran relics in Eastern North 
America. Following t he example of DEEVEY (1951) a tentative correlation 
table (fig. 4) for the glacial chronology in North America, and the vege­
tational development of the George Reserve area, central Maine and 
Northwest Europe is ventured, but it must be regarded as merely a 
working hypothesis until, eventually, stronger evidence is at hand. 

Postscript. 

After the manuscript was written, the author, while going over a 
large number of slides , found five pollen grains of Ephedra spp., one in 
the 45 foot- , three in the 46 foot- and one in the 55 foot-sample. Both 
main types described by WODEHOUSE (1935) were found, so at least two 
species are represented (see plate VIII). To-day Ephedra species in North 
America are restricted to the southern parts of the Rocky Mountain 
chain (CUTLER 1939). In northern Europe Ephedra, which to-day is not 
found north of the Alps, has proved to have been widespread although 
rare during the late-glacial, and it seems that the thermal requirements 
of these plants may not be very specific (IVERSEN 1951, 1954, LANG 
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1951, HAFSTEN 1953, see also GAMS 1952). As the late-glacial vegetation 
of southern Michigan was interpreted above stressing the low competition 
pressure, that seems to have existed, we must consider the possibility 
that these steppe and desert plants actually grew there too, although 
possibly as rare plants on some edaphically favourable spot with strong 
insolation. 

Dansk resum e. 

For at kunne forklare den reliktagtige forekomst i det 0stlige Nordamerika 
af en nekke planter , der nu ellers har deres hovedudbredelse i Rocky Mountains, 
anses det af visse forfattere n0dvendigt at antage, at de under sidste istid 
havde en sammenhamgende udbredelse i et skovl0st b relte, som strakte sig 
tvrers over kontinentct sy d for isranden ; men denne teori har med en enkelt 
undtagelse (DEEVEY 1951) ikke fundet st0tte i det palreobotaniske materiale. 
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En serie prover af !er og lergytje, som danner den nedre forts::ettelse af en 
postglacial gytjeaflejring i en lille so i det sydlige Michigan i det centrale 
U . S. A., er blevet pollenanalyseret, og diagrammet pr::esenteres (se tavle II). 
Provernes indhold af pollen repr::esenterer en blanding af en nordvestlig og 
en sydostlig vegetationstype, og tilstedev::erelsen af omlejret interglacialt 
pollen, salecles som clet er kendt fra senglaciale aflejringer herh jemme (lvEn­
SEN), sandsynliggores. Det sekund::ere pollen soges udskilt, og det resulterende 
billede synes bekr::eftet ved sin slaende lighed med den velkendte senglaciale vege­
tation i Nordvesteuropa. Vegetationens alme og torre karakter og tilstede­
v::erelsen af pionerplanter, specielt E laeagnus commulala, en af de omtalte i 
0stamerika reliktagtige arter, stotter de n::evnte teorier om disse p lanters 
tidligere vide udbredelse. Overraskende er fundene af mindst to arter af or­
ken- og steppeplanten Ephedra, som ogsa er kendt fra den senglaciale vegetation 
herhjemme (IVERSEN, LANG, HAFSTEN). En Korrelation med senglaciale serier 
fra Norclamerika (WILSON, DEEVEY) og Nordeuropa (JESSEN) er forsogt, idet 
spor af Two Creeks- Allerod Oscillationen menes pavist i diagrammet. 
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Explanation of Plate VIII. 

1 a-b. Elaeagnus commutata Bern h. Modern pollen grain, coll. from S\\·eelwater Co., 
Wyoming. Treated 1v ilh ](01-[ a nd acetolys is mixture. 1000 X . Phot. S. Th. Ander­
sen. 

2 a-b. Elaeagnus commutata Bernh. Fossil pollen grain from Lh e George Reserve, Living­
ston e Co ., l\lichigan, samp le at 55 fee t. Treated wilh KOH, HF, and acetolysis 
mixture. 1000 x . (The s ize is sm a ll er than that of Lhe modern malerial, due to 
fo ss ilization and the different chem ical treatment). DGU a 851, phot. H. Krog & 

S. Th. Andersen . 
3. Ephedra sp . (Torreyana-type). Fossil pollen grain from Lhe George Reserve, sa mple 

at ,15 feet. Treated with KOH, HF, and acetolys is mixture. 1000 X . DGU a 853, 

phot. H. ](rog & S. Th. Andersen. 
4. Ephedra sp . (neuadensis-type) . Fossi l pollen gra in from the George Reserve, sampl e 

at 55 feet. Trea led with !(OH, HF, and acetolys is mixture. 1000 X . DGU a 852, 

phot. H . ](rog & S. Th. Andersen. 



Late-glacial Macroscopic Plant Remains 
from Bollingso. 

By 

INGER BRANDT 

Danmarks Geologiske Unders0gelse, Charlottenlund. 

Abstract. 
Pollen-analytically dated washing-samples from borings in the central part 

. of the dried-up lake Biillingso have been analyzed. A list of the fossils 
appears on page 157. 

Right on the margin of the last glaciation in Central Jutland lies 
the now dried-up lake Bollingso. Its basin, about 1 km. in diameter, 
was formed by a meltwater river in the beginning of the Daniglacial 
period. Deposited on its bottom is a very complete series of late-glacial 
sediments which, stratigraphically and pollen-analytically, give evidence 
of a transient climatic improvement prior to the Aller0d Oscillation, the 
so-called Bolling Oscillation (JoHS. IVERSEN 1942). 

When Dr. Johs. I versen in 1946 continued his investigations in Bolling­
so, a series of washing-samples was taken in conjunction with the 
pollen-sample series; the contents of plant remains in these samples will 
be described briefly in the following. 

The samples, 38 in all, were taken from 6 boring points in a line across 
the central part of the basin. They were secured with an ordinary Hiller 
peat borer and, after being treated briefly with diluted nitric acid, they 
were suspended in water from the well of a farm outside of the investiga­
tion area. 

The result of the macrofossil analysisis given in the table on page 157 . The 
dating of the samples is based partly upon orientative microscopic analyses 
(by Dr. Johs. I versen) parallel with the field work, partly upon an unpub­
lished pollen diagram from one of the boring points (analyzed by H . Krog, 
M.Sc.). As the samples were secured in the field they were also dated 
stratigraphically. The subsequent establishment of the pollen-analytical 
zone boundaries showed that in general they coincided with the strati-
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Table 1. List of fossil s. 

Abb revia tion s: f = fruits, fl = ca tkin-scales of birch, fst = fruits tones, l = leaves, s=seeds, 

sh = shoots, sp = spores. 

"' Poll en analy tical zones 'O 'O "' "' 0 
"' 0 >, 

"' :... 

c ~ "' 0 >, OJ 

0 0. :... c. :... 
bJl 0 -0 V __, 

-0 'O ~-g "' .=: :... ,o 
0) 0 0) -~ ~ -0 ·;:: 

~ -0 5 ·;: 
0 V 0 0) >- ~ 0. 0:) c.. <I'. 

l a I b I C II a II b III 

Tota l vertical lengths 
163 52 60 108 103 105 

of boring cores, in cm. 

Balrachium sp . .. . . . .. . . . ... . . ... f 1 3 

B elula nana .......... . .. . . . . .. [ 1 2 1 6 1 

. . . . . . . . . . . . . . . . . . . fl 1 3 

. . . . . . . . . . . . . . . . . . . . I 1 

sp. . . . . . . . . . . . . . . . . . . . . [ 2 

Carex disligmalicae . . . . . . ... .. . . f 2 4 
lrisligmaticae ... ... . . . .. . .. 2 11 

Caryophyllaceae . . .... . .... .. .. . . s 1 3 
Dryas oclopelala . .. . .... .. . . . . . . . 1 1 
E mpelrwn nigrum . . ..... . ...... . fs l 1 2 3 

. . . . . . . . . . . . . . sh 1 

P olamogelon (ili(ormis . . ' . . . . . . . fs t 1 5 1 
per(olialus .... . . .... fs l 1 7 

praelongus ... . ..... . fs t 7* 14 6 
spp ............ ... . fs t 4 1 

Polenlilla paluslris . . . . . . . . . . . . . . f 1 
Sa /ix herbacea . . . . . . . . . . . . . . . . . 1 

cf. polar is ................ 2 5 1 

Characeae .. ... .... . ........ . . . sp 32 1 1 

graphical boundaries. Below each of the pollen-analytical zones the 
quantity of material is indicated by the total lengths of the cores. The 
number of fruits , leaves, etc. from the various zones is also given. 

As was to be anticipated , these samples from the middle of a fair ­
sized lake basin are rather poor in macroscopic plant remains. On the 
other hand, pollen-dating of such samples is more reliable than of samples 
from the rich strata near the shore. This investigation has provided a 
reli able dating of the occurrence of three species of Potamogeton which 
cannot be distinguished pollen -analytically, viz. P. filiformis , P. per­
! oliatus and P. praelongus. 

*) all found in one samplin g core, th e uppermost part o[ which touched t h e border of 
zone I b. 



158 

The fruits and leaves of terrestrial plants contained in t he samples can 
only give an incomplete picture of the general vegetation , whereas one 
may presume that the local lacustrine vegetation is well represented, 
qualitatively and quantitatively, by the fruits found ; therefore, although 
the material on the whole is not especially large, one may conclude that 
the three Potamogeton species mentioned above played a considerable 
role in the flora during the Bolling period (Zone I b) and the first phase 
of the Allerod period (Zone II a) . Still another Potamogeton species is 
represented by 4 fruits which , however, could not be identified. 

The t hree species of Potamogeton mentioned have a wide distribution 
northwards; t hey occur almost everywhere in Scandinavia, growing 
fairly high up in the mountains. As to Dalarne-Jemtland it has been 
reported that P. fil iformis reaches up to 1,000 metres, P. perfol iatus to 
820 metres and P. praelongus to 760 metres (SAMUELSSON 1934), but 
whether t hey bear fruit or not at these levels has not been stated. Pota­
mogeton filiformis also grows in Arctic regions: it has been found with 
ripe fruits in northeastern Greenland as far north as lat. 74° N . (GELTING 
1934). Potamogeton perfoliatus and P. praelongus do not seem to have been 
observed in purely Arctic regions; they both grow in Iceland (GRONTVED 
l 942), but not in Greenland. 

Judging from these distribution reports, the presence of fruits of Pota­
mogeton praelongus at the transition to Zone I b (the Bolling period) 
suggests that the climate cannot have been really Arctic at that time. 
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Dansk resume. 

Der er analyseret 38 slremmeprover fra 6 boringer gennem de senglaciale 
lag i den centrafo del af den udt0rrede Bi:illingsi:i . Tab ellen side 157 viser r e­
su ltatet af makrofossilanalysen . U nder hver af de pollenanalytiske zoner er 
rn ::cngden af slremmet rnateriale angivet ved de sammenlagte lrengder af de 
prover, der er udtaget af t 0rveborels karnmer. Analyserne v iser, at Polamogelon 
praelongus og P. perfolialus har spillet en vresentlig roll e i zone I b (Bi:i lling­
p erioden) og zone II a (Allerod-perioden). Pa grundlag af disse arlers nuv re­
rencle uclbredelse mod nord formocles det, at klimaet a ll erede ved overgangen 
Li I zone I b ikke bar v::cret rent arktisk. 



A Pollen Analytical Dating of Maglemose 
Finds from the Bog Aamosen, Zealand. 
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Abstract. 
The present paper contains the dating by pollen analys is of a large f lint 

pick and a Maglemose site. 
The pollen-analytical zone bord ers IV to VII, as established by KN uD 

.JESSEN, are subjected to renewed consideration, and a rguments are stated in 
favour of a different definition of zone borders V- VI and VI- VlI. 

A summary is given of mesolithic f in ds from the periods m en tion ed above, 
dated by pollen analysis. 
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Introduction. 

More than a hundred years have passed since archaeology and natural 
science began to co-operate in this country. This co-operation, like all 
real teamwork, has proved highly beneficial to both parties. Often 
archaeology has offered valuable assistance to natural science, when 
the finding of antiquities in geological deposits of various types has led 
to t heir archaeological dating. On the other hand, natural science has 
not only thrown light on the prevalent natural environment of different 
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prehistoric culture periods, but has also led to geological datings of 
finds which it was difficult, or at the moment impossible, to date by 
means of archaeology. 

The following is an account of the dating of a rare type of artifact 
to which, until now, it has not been possible to give an exact archaelo­
gical dating. 

The object in question is one of the so-called "large flint picks" (Fig. 
1), which was found by KNUD ANDERSEN in the mid-Zealand bog Aa­
mosen, whose wealth in cultural remains seems inexhaustible. 

In conclusion, a summary is given of the results of the investigation. 

I. The Stratigraphical and Pollen-analytical Investigation. 

A . Verup Mose, Flint pick. 

As for conditions connected with the discovery of the flint pick, as 
well as the archaeological aspects of the case, here is the statement of 
the finder KNUD ANDERSEN: 

" In the spring of 1951, Brovad canal in Aamosen was deepened, and in 
the summer of that year a heavy flint pick was found incorporated in the 
western brink of the canal. There was no culture layer, but near the pick 
were a couple of primary flakes, and besides, in the earth dug from the canal 
were found a number of big blades. A few trial cuts into the east side of the 
canal showed a thin culture layer with some flint debris and quite a bit of 
charcoal. The place of discovery was marked, and a few weeks later a series 
of pollen samples were taken. The Verup settlement, a Maglemose site, is 
situated about twenty metres east of the canal; judging from the position 
of the find, the possibility exists that the flint pick belongs to this settlement. 

The heavy picks are conspicuous and easily recognizable artifacts. Strangely 
enough only a few specimens are known, hardly more than 30 or 40 from this 
country, 15 of which were found in Aamosen, and it has been difficult to place 
them within any definite culture group. They were first mentioned in "Aar­
b0ger for nordisk oldkyndighed" 1896, p. 341- 345, in which SoPttus MULLER 

describes seven specimens, stating the theory that they belong to the period 
between the kitchen middens and the Late Stone Age. In "Nordiske fortids­
minder" III, 3 pp. 19, 25, 28, and 69, T. MATHIASSEN deals with the picks 
originating from the great excavations in Aamosen; he classes them with the 
earlier part of the 0garde settlement. A description of the type is given in 
"Danske oldsager" I, no. 45 (MATHIASSEN 1948). 

The implement here depicted (Fig. 1) is typical, it is 245 mm. long, 59 mm. 
broad, and 51 mm. thick; the point, however, is broken off, so that its total 
length must have been c. 280 mm. The points of the well-preserved speci­
mens are blunt and never approach anything like real edges. The implement 
was shaped by blows from four angles; the under side is formed by two planes. 
In other flints this side may be approximately plane, for which reason they 
are sometimes called triangular. 

Finds recovered in Aamosen since 1943 corroborate the supposition that 
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flg. 1. Large flin t p ick. N il i:i se komplcxet, N il i:ise S. , Merl i:isc H, Holb ::ek A. - 2/3. 
Reprod uced from drawing b y B. Brorson Chri stensen. 

11 

D. G. U. II. rk., nr. 80. 
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this type of artifact belongs to the so-called old coastal culture, or in other 
words, the earliest phase, or the forerunner, of the typical Ertebolle culture. 
It h as proved possible to divide t h e old coastal culture into two subcategories, 
one of which is characterized by oblique a rrow h eads, some transverse arrow 
heads and numerous end-of-blade scrapers etc., whereas the other, which is 
doubtless of later date, also has numerous k eeled scrap ers (which, however, 
are hardly ever mad e of regular handled cores), b esides a few triangular micro­
liths. The large flint picks belong to the fo rmer cat egory." 

On the 3rd of August 1951 the place of discovery was visited by KNUD 
ANDERSEN, J . TROELS-Sl\HTH and the author, and a geological investi­
gation was undertaken by the two latter. 

A vertical section was cleaned up , after which a series of pollen samples 
were taken at maximum intervals of 3 cm. between the single samples; in 
add ition , a section description was worked ou t. Owing to the high water level 
of the canal, the height of the section was only c. 0. so 111., and the term surface 
refers neither to t h e form er nor to the present bog surface, but to the surface 
of the section point. In the section description the characterization and com­
pos ition of the various layers are indicated by a number of symbols , as defin ed 
by J. TROELS-SMITH (1954a). 

The sequence of layers, beginnin g at the surface, was this : 
c2 . 0.oo to 0 .21 m .: swamp peat. l i m. s up. 4, 

nig. 3, strf. 2, e las. 2-3, sicc. 2, co lor: blackich brown, struc.: 
felted . Composition: Th 12, Dl + , Dh + , Dg 1, Ld21.- Th: rootfelt and 
herbaceous roots. DI: sm all twigs of A lnus . Dh: leaves of Salix sp., 
fragment of N ymphaea rhizome. Fv : fruits of Seirpus sp . 

c1. 0.21 to 0.2 s m. : swamp p eat with slight content of lake marl. lim. sup. 1, 
ni g. 3, -s trf. + , e l as. 2- 3, sicc. 2, color: black brownish, st ru c.: 
hi ghl y felted. 
Composition: Th 12, Dl +, Dg 1, Ld21, Le +, [,B + ].- Th: rootfelt, 
vertical yellow h erbaceous roots. Dl: a few small twigs. The lake marl 
occurs in small blots scattered in horizontal layers, in which is found 
[,B + ]. 

])2. 0. 2s to 0 .325 111. : lake marl containing swamp peat. Ii 111. sup. 1, 
nig. 2- 3, strf. 1- 2, siec. 2, co lor: black brownish , str uc. : felted. 
Composition: Th 12, Dh +, Ld0 +, Le 2, [ /3 + ].- Th: rootfelt, a few 
thin, yellow h erbaceou s roots, one rhizome of .Phragmiles. Dh: fragments 
of Thelypleris leaf stalks. 

bi. 0.325 to 0. 39 m .: lake m arl with numerous smears of the layer above it. 
Jim.s up . 1, 
col or: brownish , grey-speckled. 
Composition of lake marl : as the layer below it. 

a. 0. 39 m. to 0.oo 111. : lake marl. lirn. sup . 2, 
ni g. + , strf. 2, e las. + , sicc. 2, colo r: greyish white, occasionally 
with slight gr eenish tinge, s tru c.: gritty . 
Composition: Th 0 +, Ld0 1, L e 3, (,x + ].- Th: a few rootlets, a few 
verti cal, yellow h erbaceous roots. Fa : shells of Bilhynia tentaeu­
lata + operculurn of these. 

The position of the flint pick was 0.02 to O.o7 m. below the surface, 
and its longitudinal axis was very nearly horizontal. The implement 



163 

was thus completely incorporated in a felted swamp peat containing a 
slight quantity of gyttja. 

The analyses of the pollen samples were made by the author in 
N ationalmuseets Moselaboratorium (Bog Laboratory of the National 
Museum) about New Year 1953, with the exception of analyses no. 4, 
5, 7, 9, and 10, which were made in December 1953 and January 1954. 
All samples were in the same condition as when they were taken. Boiling 
and preparation were made in accordance with the usual method of the 
Laboratory (cp. J. TROELS-SMITH, 1954b). The analyses were made on 
acetolysed and stained material. All pollen and spores which occur are 
counted, besides a number of other micro-fossils. Important pollen 
grains and spores and rare or unknown types (X-pollen) have been 
measured and recorded, to be at hand for documentation or further 
study. Besides, in each sample at least a hundred Oorylv,s pollen grains 
have been measured as a basis for size comparison ; also , all grains of 
Gramineae and Typha have been measured. 

The statistical results of the countings have been delineated in two 
diagrams- a main diagram and a survey diagram. The nomenclature 
used is that of HYLA)IDER (1941). 

The Main Diagram (Plate XIV, Fig. 1). The basic sum is the sum 
of all pollen from trees and bushes. 

On the extreme left are shown the curves of common forest trees , 
among which Oorylus is included ; a joint curve is given for the trees of 
the Oak-Mixed-Forest. In the next two columns this curve is diffe­
rentiated , being expressed first in percentages and then, because of 
Fraxinus , in rates per thousand; after that the less frequent trees and shrubs, 
together with Hedera and Viscum, are shown in silhouette curves. The 
degree of destruction (cp. TROELS-Sll'IITH, 1941a, p. 138), indicated 
graphically after the column showing zone borders , has been calculated 
in order to give more reliable evidence of the state of preservation than 
would be possible through a general estimate. Here, the following method 
has been used in calculation: Pollen grains of Tilia , Ulm us , Betula, 
Alnus, Oorylus, and Gramineae showing signs of destruction are expres­
sed as percentages of J; Tilia , Ulmus , Betula , Alnus, Oorylus , andGrami­
neae. Quercus, Pinus , and Oyperaceae are not included in the calculation , 
as faint marks of destruction are hardly discernible in these types of 
pollen. 

The next part of the diagram gives silhouette curves for herbaceous 
phanerogams, which are arranged alphabetically, no matter whether 
the determinations refer to family, genus, or species . 

Archegoniatae are arranged on similar lines in the following part of 
t he diagram, and the curve for Pediastrum is given last. 

In the section column (symbols, cf. TROELS-Sll'IITH, 1954a), the flint 

11~ 
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pick is marked as a hatched rectangle, whereas the black column facing 
the diagram indicates the presence of microscopically found charcoal dust . 

The Survey Diagram (Plate XIV, Fig. 2) is a juxtaposition of six dia­
grams {I to VI). 

I. The classical pollen diagram (v. PosT 1916) , in which Oorylus is 
excluded from the basic sum comprising pollen grains of common forest 
trees. This diagram has been included to serve as a comparison with 
other diagrams based on the same method of calculation. 

II. "Reduced" diagram. Here the basic pollen sum is L' Betula :4, Oo­
rylus :4, Fraxinus , Pinus:4, Quercus, Tilia , Ulmus , Hedera , and Viscum1

) 

( = L'II). Alnus and Salix have been kept apart from the sum as they 
often express purely local conditions, thus giving an incorrect regional 
forest picture (WELTEN 1947). By reducing the large-scale pollen pro­
ducers (cf. IVERSEN 1947 , p. 241) , we can get nearer to a correct pic­
ture of the proportional composition of the forest , and it must be as­
sumed that the curves of the diagram express the forest development 
more exactly than the curves of the classical diagram. The first part of 
the diagram shows the curves of trees included in the basic sum, besides 
the curve of the Oak-Mixed-Forest ; an exception to this is Fraxinus, 
which is shown in the next column. Finally, in the two following columns 
are shown the curves of Hedera and Viscum. 

III. The curve of Alnus :4 calculated on the basis of L'II + L'Alnus :4. 
Owing to the fact that Alnus must be regarded as an exceptionally large 
pollen-producer, the number of alder pollen has been reduced to 
one-fourth (cp. FJEGRI & IVERSEN 1950, p. 87). 

IV. The curve of Salix calculated on the basis of L'II + L'Salix. 
V. Diagram showing the varying relations between the Oak-Mixed­

Forest - including Oorylus at reduced value- and Betula and Pinus. 
The two latter have also been reduced to one-fourth. In addition, two 
curves have been inserted to show the relation between Oorylus :4 and 
the rest of the Oak-Mixed-Forest. The basic sum is L' QM + Betula: 4 
+ Oorylus: 4 + Pinus: 4. 

VI. Special diagram for the Oak-Mixed-Forest including Oorylus: 4. 
:Basis of calculation L' QM + Oorylus: 4. The diagram shows the course 
of the curves of Oak-Mixed-Forest constituents, included to give a 
picture of the competition within the Oak-Mixed-Forest. 

The Pollen-Analytical Investigation (Plate XIV, Fig. 1, and 
Fig. 2, II). It is quite obvious from the curves that the diagram may 
he naturally divided into two parts, the lower part comprising analyses 
l to 4, and the upper comprising no.s 5 to 17. 

In the lower part Oorylus dominates in the forest . Pinus and Betula 
1 ) Populus has been excluded from the basic sum to make possible a direct comparison 

with diagram s in which Populus is not counted. 
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are falling. The occurence of Quercus and Ulmus is insignificant, yet 
constant, and Alnus does not appear till analyses 3 and 4. Populus has 
its ma,ximum at this point of the diagram, amounting to nearly 4 per 
cent. Salix , Sorbus , and Juniperus occur constantly; also Viburnum 
opulus is found. Herbaceous pollen occurs in small , constant quantities , 
consisting almost exclusively of Gramineae and Cyperaceae. Furthermore 
t here are regular occurrences of Artemisia, Calluna, Humulus , Umbelli­
ferae , and Urtica , besides Filipendula Ulmaria, which has its maximum 
in the lower part of the diagram. Among the marsh plants determinable 
with certainty, Cladium Mariscus , Tyvha latifolia , and Thelyvteris va­
lustris are found. Potamogeton dominates among the aquatics. P ediastrum 
is only found in very moderate quantities. The small numbers of local 
pollen suggest that sedimentation took place in an open lake, or at some 
distance from the margin of the lake, which agrees very well with the 
character of t he sediment. 

In t he upper part of the diagram the pollen flora changes. It is t rue 
that Pinus and B etula retain constant values, but there is a gradual 
fall of Corylus in favour of t he Oak-Mixed-Forest. Here, Quercus 
and Ulmus suddenly rise , and at the same time Fraxinus and Tilia 
appear. Alnus is increasing, and among the rarer trees and shrubs Po­
pulus declines slowly, but steadily; the others hold t heir ground, and, 
what is very important, Hedera and Viscum make t heir appearance in 
the forest. Among t he terrestrial herbs two things are noteworthy: 
Pteridium aquiliniim has a continuous curve through t he upper part of 
the diagram and Filivendula decreases. 

As a whole, the pollen frequency of herbaceous plants shows a strong 
and gradual increase until analysis 13, after which there is a slight 
decline. The increase applies , above all , to Cyperaceae; t here is a distinct 
rise of Cladium and Tyvha , and Nymvhaea has a closed, slightly rising 
curve, apparently at t he cost of Potamogeton. Altogether, compared 
with the lower part of the diagram, only Filivendula decreases, all 
the others retaining status quo or rising slightly, and a number of new 
species appear, many of which live in moist soil or in swamps. There 
is a violent increa&e of Thelyvteris, which culminates at analysis 10. 
Pediastrurn has an equally violent increase, obtaining its maximum 
values after t he culmination of Thelyvteris. 

The changes in t he forest picture mentioned above seem to indicate 
a change of climate, or rather, t hat an improvement of climate has 
reached such values as to make it possible for H edera and Viscum to 
grow and blossom there. At the same time there is a change in the 
local production of pollen, explainable through the fact t hat, owing to 
t he filling up of the lake, the margin zone has passed the analysis site, 
or that t he water level of the lake has sunk so that filling up has begun 
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here. The degree of destruction indicates that the place may have been 
dry during brief periods. The course of the curves in the topmost anal­
yses may suggest that local moistness has increased in this part. 

The sediments show a similar change: from almost pure lake marl 
t hey change gradually into deposits containing more gyttja and swamp 
peat.- The rise of the water level , however , which is indicated in the 
uppermost analyses (cp. the settlement diagram) , cannot be ascertained 
in the deposit. 

B. Verup I , Stone Age Settlement. 

The excavation was made by C. L. VEBlEK in the periods Aug. 12th 
to 21st, 1943, and May 9th to 29th, 1944. The find is registered in the 
National Museum as no. A 41935, and an account of the excavation has 
been made by C. L. VEBlEK (Journ. no. 108/46). 

KNUD ANDERSEN, who has examined the material, gives the follow­
ing statement: 

"The Verup settlement, to which the flint pick is co rrelated through pollen 
a nalysis, was excavated by C. L. VEB/EK during 1943 and 1944, that is, before 
the refined excavation methods, elaborated by the Bog Laboratory of the 
National Museum, came into regular use. This is the more unfortunate as 
the find must have been of rather complex origin, the fact being that first 
three flint accum ulations were found, to which a fourth was added later on. 
During the excavation two culture layers were distinguished in the refuse 
layers in the margin of the site, whereas in the central area it was, apparently, 
not possible to separate them. Thus, in the opinion of the excavator, only 
a rather small part of the artifacts can be segregated. However, it is possible to say 
something about the placing of the settlement in relation to other more eas il y 
determinable finds, because of a considerable similarity between the types 
of artifact of the Verup find and those of the two floors of Ulkestrup Lyng 
described in " Fra Nationalmuseets Arbejdsmark" 1951, p. 69 sq. If these 
floors are correlated with BECKER's division of the Maglemose culture (Ar­
b0ger 1951, p. 143), they fit into the end of his second period (floor I) and his 
third period (floor II). The lower culture layer of the Verup settlement is probably 
not quite free from contamination; yet there are very good reasons to correlate 
it with floor I, which is the earlier, as not only the microliths (many broad 
triangles and rather few lanceolates) , but also the handled cores and the blades 
correspond to the artifacts found in the floor. The upper culture layer is no 
doubt contam inated, even if the greater part of it agrees quite well with the 
material found in floor II. As already mentioned, the artifacts found in the 
main squares cannot be separated into a lower and a n upper layer; however, 
nearly all of them must be of the same age as the material recovered from 
the two cultu re layers segregated from the refuse layer in the margin of the 
settlement. Still, a few things occur, e. g. a couple of handled cores which, 
probably, are of slightly later date than the bulk of the artifacts. None of the 
artifacts of the Verup find can be referred naturally to the old coastal culture, 
for which reason it must be assumed that the flint pick belongs to a neigh­
bouring settlement, as yet unknown." 



167 

The geological field work was carried out in 1943 by TROELS-SMITH 
assisted by ALFRED ANDERSEN. The results of this work are a number 
of pollen series from open sections, accompanied by section descriptions ; 
however, there are no detailed measurings of the sections along their entire 
length. The series analysed , which is marked P 33, originates from a 
trial ditch , one metre in breadth and running from north to south, 
which led t hrough t he settlement. P 33 was the point of the excavation 
which was farthest removed from the central area towards the north ; 
and t he culture traces found must be regarded as refuse thrown out 
from t he settlement . In this connection it should be noted that P 33 is 
situated ea. 50 m. north-east of the finding-place of t he flint pick. The 
following section description, which only comprises the part of the 
section interesting in this connection, has the same syst em of symbols 
as given in the section description from the flint pick. 

The sequence of layers , beginning at the surface, was this: 

e. 0. 335 to 0.625 m. : swamp peat containing gy ttj a. l i m. s up. 1, 
col or: blackish brown. 
Composition: Th 22, Dl +, Dh +, Dg 1, Ld21. 

d . 0. 625 to 0.735 m .: coarse detritus gyttja with swamp peat. Jim. s up. 1, 
col or: blackish brown . 
Composition: Th11, Dl +, Dh +, Dg 1, Ld22. 

c. 0.7 35 to 0. 88 m . : swamp peat containing gyttja. Jim. s up . 1, 
color: dark brown . 
Composition: Th 12, Dl +, Dh +, Dg 1, Ld 21. 

b . 0. 88 to 0. 98 m.: lake marl with swamp peat. l i m. sup. 1, 
col or: dark brown. Composition: Th 12, Dh + , Ld0 + , L e 2, [{J +]. 

a. 0. 98 to 0 . oo m. : la ke marl. Jim.sup. 2, 
co l or: grey ish white, greenish. Composition: Th 0 + , Ld0 1, L e 3, [a + J. 

In t he reproduction of the section through symbols are added the 
culture traces found at the excavation of that square metre of t he ditch 
which is situated between P 32 and P 33, in such a way that an abscissa 
of 0. 5 mm. indicates one piece of flint or charcoal. First the flint is 
marked through hatching, after that the charcoal is marked in black. 

The laboratory examination was made in N at.ionalmuseets Mose­
laboratorium during the au tumn of 1944 and t he winter of 1945. 
In each sample, part of the counted material was treated with 
KOH and stained , and part was just acetolysed. The total of tree 
pollen , exclusive of Corylus , is at least 500 in each fraction, i. e. al­
together at least 1000 grains of tree pollen , exclusive of Corylus , in each 
analysis. In each fraction statistical measurements of Corylus were 
carried out separately. As regards other conditions, as well as the con­
struction of . diagrams , reference may be given to the corresponding 
parts of the flint pick description (p . 163 sq.) 
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The Pollen Analytical Investigation (Plate XV, Fig. 3, and 
Fig. 4, II). 

The course of curves in analyses 1 to 6 corresponds exactly to the 
course just mentioned in the lower part of t he flint pick diagram (anal. 
1 to 4). Deviations, however, are found among the rarer species , parti­
cularly as regards Populus and Juniperus. This is due to the fact that the 
Verup diagram was made nearly ten years ago 1) . 

The next part of the diagram consists of analyses 7 to 19. Throughout 
t hat part, the Oak-Mixed-Forest shows a gently rising curve, intro­
duced by a sudden rise of Quercus and Ulmus and t he beginning of a 
closed curve for Tilia. Corresponding to this , the Oorylus curve falls 
gently. Betula remains nearly constant, and Pinus is falling , whereas 
Alnus shows a gentle rise. Hedera and Viscum both appear in analysis 
no. 8. In analysis 9 is found a pollen grain of Prunus cfr. padus2). 

The curves of herbaceous pollen are not quite so uniform. The Cype­
eraceae curve shows a slight rise, gentle and constant until analysis 
11 , after which it falls, reaching a minimum at no. 17. In analyses 
18 and 19 another rise begins, far more rapid than t he first. The 
curve of Gramineae shows a similar gent le rise until analyses 14 
to 15. After that t here is a sudden marked rise in analysis 16, and this 
position is kept up in t he following analyses. Measurings and morpholo­
gical examinations show t hat the Gramineae curve is due almost ex­
clusively to Phragmites pollen. Nymphaea, which is found in almost 
constant quantities throughout that part, dominates among the aquatics. 
The Thelypteris curve is similar to the Cyperaceae curve, which it repro­
duces on an enlarged scale. Pediastrum proves antagonistic compared 
with Cyperaceae and Thelypteris, by having a distinct maximum where 
t he latter are falling. Accordingly, this part of the pollen diagram in­
dicates the filling up of t he lake, interrupted, as it seems, by a slight and 
transient rise of the water level. 

The sediments are quite in accordance wit h t his, as analyses 14, 15, 
1) At that time, in t he Bog Laboratory ot. the National Museum, preparations o[ 

KOH-treated sta in ed material , or acetolysed mate rial, were considered the bes t poss ib le. 
Experience and exam in a lion s, h owever , have shown t hat the great content of detr itus 
in Lhe KOH-treated materia l conceals many poll en gra in s, or makes it impossible to 
a rrive at a reliab le determin a tion, and that acetolysed, s tained material affords Lh e 
hi ghest degree of security as regards th e observation of very small and thin-walled pollen 
gra ins. Thus, Juniperus pollen in which only a few gemmae are preserved ( Iv ERSE:-< & 

TROELS-SMJTH 1950) will be undeterm inable in preparations of any den si ty. T h e sa me 
thing applies to Populus. Th e absence of Populus in a na lysis 6 is due to the fact that 
Lhis analys is was the first to be counted in the d iagram, and it was not till the following 
analyses that I bega n to differentiate a special group from t hat of Cyperaceae. Thi s type 
was given the name of "Pseudo Cyp.", and was later determined as Populus lremula 
(for further detai ls, cp. Jo11s. lvERSEN 1946, p. 223). 

2) Macroscopic find s cp . J ESSE:-J (1920, p. 203). 
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16, and 17 originate from a deposit containing more gyttja than the 
layers above and below. 

Analyses 20, 21, and 22 comprise the uppermost part of the diagram. 
By now, the curve of the Oak-Mixed-Forest has reached its maxi­
mum values in the diagram, and in accordance with this, the Corylus 
curve has fallen to a minimum. Altogether the course of forest tree 
curves is steady, with constant values, giving the impression that a 
state of balance has been reached between the trees of the forest. 

The Cyperaceae curve continues its violent rise. The curve of Grami­
neae shows a slight decline, whereas there is a strong increase for Urtica 
and Typha. The Thelypteris curve corresponds perfectly to the curve 
of Cyperaceae, and the Pediastrum curve continues the fall already 
begun. 

It appears from the curves of herbaceous pollen that the local 
filling up is setting in with a vengeance. The degree of destruction, 
which was negligible in the previous part1) , is increasing, reaching 40 
per cent in analysis 22, for which reason the counting of samples above 
is made difficult and highly unreliable. The high degree of destruction 
suggests that, at times, the place may have been rather dry, which 
agrees very well with the fact that the sediment contains more swamp 
peat and shows a higher degree of humification t han anywhere else in 
the section. 

C. The Mutual Relations of the V erup Diagrams. 

In the interpretation of the two pollen diagrams treated above, we 
are favoured by the fact that the diagrams reflect original conditions of 
nature not contaminated by cultural operations, due either to agriculture 
or cattle breeding. As t he two diagrams were taken in the immediate 
neighbourhood of human habitation, it may after all be possible that 
the lives and doings of the inhabitants have left such marks on the 
vegetation as may be recognized through the pollen diagrams. The pol­
len of Chenopodiaceae , e. g. , have been regarded as indicative of mesolithic 
inland cultures (cp. IVERSEN 1941, p. 39; TROELS-SMITH 1942a, p. 191; 
NILSSON 1948, p. 10; MIKKELSEN 1949, p. 19) . The diagram of the Verup 
settlement shows a handsome agreement between the occurrence of this 
pollen type and the habitation. The flint pick diagram, on the other 
hand, shows that pollen of Chenopodium type occurs chiefly before the 
habitation, whereas it does not occur at all in its final phase. In the case 

1 ) Judging from the diagrams, the pollen destrnclion of layers c1 and c2 in the flint 
p ick diagram seems to be far more considerab le than in the corresponding settlement 
layer c. No doubt this difference is clue to the better preparation technique used for the 
flint pick diagram, and clearly illustrates the adva ntages of acetolysed, stained materi al 
with regard to the observation of details. 
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of this diagram, therefore, Chenopodiaceae pollen must be left out of 
consideration as a culture indicator. MIKKELSEN (1949, p . 19) assumes 
that the occurrence of Artemisia pollen may in a similar manner be 
correlated with mesolithic culture; the regular occurrence of Artemisia 
pollen, however , in both of the present diagrams does not support the 
theory. 

IVERSEN (1949, p. 9) establishes a parallel between Urtica dioeca and 
Chenopodiaceae as indicators of mesolothic settlement. In the two upper­
most analyses of the settlement diagram, there is a sudden strong rise 
in t he Urtica curve. Urtica pollen does not occur in the lowermost part 
of this diagram and only very sparsely in t he central part. In t he second 
diagram the same conditions are reflected. Here Urtica pollen occur 
sparsely in the lower part and somewhat more frequently in t he upper 
part. Without doubt, the species of Urtica occurring in Verup is U. 
dioeca. This species is highly nitrophilous ; it is , however, also found at 
a certain stage of vegetational succession in a hydrosere, and its marked 
rise in our diagrams need not be due to t he nitrogenous soil of the de­
serted habitation, even though that seems the most probable cause. In 
a pollen diagram form Weiher, Switzerland (TROELS-SMITH 1954b) a 
maximum of L emna pollen is found corresponding with a culture horizon, 
and diagrams , as yet unpublished, from Aamosen , Zealand, show a 
similar correlation. Lemna prefers highly nutritious still water (cp . SA­
lVIUELSSON 1934, p. 106 ; IVERSEN & SIGURD OLSEN 1943) and would 
presumably be favoured in the neighbourhood of human habitation. It 
would appear t hat with the mention of the single pollen grain of Lemna found 
in analysis 21 of the settlement diagram, the last slender chances of 
finding culture traces in the curves of the diagram are exhausted. 

In this connection, however , attention should be drawn to the two 
pollen grains of Carei cfr. hirta in flint pick analyses 3 and 15. The 
two pollen grains in question are in every respect identical with Carex 
hirta pollen, which appears to be rather characteristic, but the material 
for comparison found in the Laboratory is still not sufficient to exclude 
all other pollen grains of Cyperaceae type. As Carex hirta prefers to grow 
in places influenced by human activity (GRAM & JESSEN 1949, p. 237) 
an eye should also be kept on t his pollen type in t he future. 

As already mentioned, the course of t he curves in the low e r par t 
of the two diagrams is nearly ident ical (flint pick anal. 1 to 4 and settle­
ment anal. 1 to 6). The section column displays a similar concordance 
in that t he bottom layers a (anal. 1 & 2 of t he flint pick diagram and 
anal. 1 to 3 of t he settlemen t diagram) contain almost pure lake marl , 
after which follows lake marl containing swamp peat, subdivided, in the 
flint pick section, into two layers: b1 (anal. 3 & 4) and b2 (anal. 5 & 6). 
The composition of b1 shows that the transition from a to b (anal. 4 to 
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7) is more gradual than it appears from the settlement section. Probably 
the difference between the two sections does not really exist , but is 
only an expression of the increasing intensity with which sections have 
been measured during the period of 1943 to 1951. 

In the following part of the diagrams the tree pollen curves 
also agree very well, though the progress is quicker in the settlement 
diagram (anal. 7 to 19) than in the flint pick diagram (anal. 5 to 17). 
This must be due to the fact that filling up occurred more rapidly at 
the flint pick site than at the settlement. This appears clearly from a 
comparison between the curves of herbaceous pollen. Thus, judging from 
the diagrams the uppermost analysis of the flint pick diagram must be 
regarded as earlier than analysis no. 13 of the settlement diagram. 

The layer c of the settlement (anal. 8 to 13) corresponds to layers c1 
(anal. 7 to 9) and c2 (anal. 10 to 17) of the flint pick diagram, a similar 
differentiation having been made here as in the case of layer b. Layers 
d (anal. 14 to 17) and e (anal. 18 to 22) , however, only occur in the 
settlement section. 

If we try to find a synchronous level in the two diagrams , the border 
between the two lower parts of the diagram, here discussed , must be 
considered the one best marked out as far as pollen analysis is concerned. 
Here, a sudden rise sets in in the curves of Alnus and the Oak-Mixed­
Forest, contemporaneous with the first occurrence of H edera and 
Viscurn. This level corresponds to the pollen-analytical zone border V- VI 
according to JESSEN (1935b, p. 187). Probably the first occurrence of 
charcoal in the two diagrams also marks a synchronous level. 

From the facts available, the Verup settlement must be classed among 
the so-called swamp settlements, so frequent in Aamosen (cp. MATHIAS­
SEN 1943, p. 129). Conditions of the Verup settlement suggest that 
people settled, presumably in summer, on the comparatively dry bog 
area not far from what was then the border of a lake. The place was 
used for a number of years until at last it was given up owing to increasing 
wetness. After some time the wetness decreased, and the place was 
found suited for habitation once more. 

By now, it only remains to find t he correct position in the settlement 
diagram of the part of the diagram that is situated round the flint pick. 

First , however, it should be examined whether the flint pick is con­
temporaneous with the sediments into which it is incorporated. It must 
be taken for granted that the implement was deposited later than the 
underlying sediment; still, as it is a single find , it cannot be precluded 
that the implement is of an earlier date than the sediment on which 
it rests 1

). No details of the section suggest that the flint pick was buried ; 
besides, the fact that its longitudinal axis was almost horizontal, does 

1) cp. TnoELs-S~nTH 1942 a, p. 187 sq. 
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not favour the theory that it was intentionally thrust or pressed into 
the deposit. The only possibility remaining, then, is that owing to its 
weight the pick may have sunk down into earlier deposits. As already 
mentioned, the layer c2, into which the flint pick was incorporated, is 
felted swamp peat with a slight gyttja content. The problem is there­
fore: Was this swamp peat after all a swamp peat from the outset, or, was 
it a gyttja deposit which developed the character of swamp peat by 
being permeated with the rootlets and rhizomes of a later vegetation? 

The large quantities of local herbaceous pollen- mainly pollen of 
Cyperaceae- all through the deposit, certainly suggest that the original 
sediment was in fact swamp peat. The extent to which an object with 
a fairly large sufface, like that of the flint pick, has sunk down will not, 
presumably, amount to many centimetres in the fresh swamp peat, and 
considering the strong compression of the layers during the long space 
of time which has since then expired, it is reasonable to assume that the 
flint pick is contemporaneous with, or possibly older than, t he surround­
ing swamp peat. Analyses 14 to 17 of the flint pick diagram have very 
nearly the same pollen spectrum ; this spectrum corresponds to analysis 
12 of the settlement diagram. In other words, the flint pick was deposited 
at the same time as the earliest culture layer of Verup I. 

Before determining the pollen-analytical age of the flint pick more 
exactly in relation to other Maglemose finds dated through pollen­
analysis , it will be advisable to subject the two zone borders, V- VI and 
VI- VII (KNUD JESSEN 1935b), which both occur in the Verup diagrams, 
to a closer examination. The establishment of these zone borders has 
caused certain difficulties to several pollen analysts, and in order to 
elucidate the problem on a broader basis, some previously published 
pollen diagrams of more recent date will be brought into the discussion. 

II. Discussion of Zone Borders V- VI and VI- VII ( ex KNUD JESSEN). 

A. Comparison Diagrams. 

Langes0 , Fun en (Plate XVI, Fig. 5). 

The investigation was carried out by ALFRED ANDERSEN (1946). The 
section was made by boring, and the sequence of layers in the part 
which is of interest here, is this: 

0 = the surface of the ground. 
4. 50 to 8. 82 m.: " brown lake mud." 
8. 82 to 9.11 m.: "grey lake mud containing slight quantity of clay and sand." 
9 .11 to 9. 50 m.: "black lake mud." 

The symbols of the section column have been approximately trans­
lated into the system of symbols used in the previous chapter; further, 
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to make direct comparisons with the Venip diagrams possible, analyses 
9 to 30 (counting from below) have been converted. This conversion 
does not claim to be mathematically correct, being based only on a 
careful measuring of the curves of the original diagram. However, 
deviations expressed in percentages will be so slight that the degree of 
exactness must be considered fully sufficient to serve the present pur­
pose. The five diagrams reproduced here correspond to diagrams II to 
VI in the Verup survey diagrams. 

As for the course of curves, as well as for the interpretation given by 
ALFRED ANDERSEN, reference is made to his publication. Here it should 
only be noted that the sediment is highly homogeneous all through the 
diagram, and that H edera occurs for the first time (analysis no. 21) at 
exactly the point when the curve of the Oak-Mixed-Forest shows 
a violent rise. The absence of Viscum may be due to statistical causes 
(cp. IVERSEN 1944, p. 465). The position of the rational Alnus limit (cp. 
v. PosT 1916 p. 456) is between analyses 25 and 26, and the curve of 
the Oak-Mixed-Forest reaches its maximum values in analysis no. 
26 and subsequent analyses. 

Even , Zealand (Plate XVI, Fig. 6). 

The investigation was carried out by MIKKELSEN (1949, p. 53 sq., 
Bp. 21, Plate VIII). The section was made by boring. The sequence of 
layers is reckoned from the normal water level of the lake. The following 
parts of the section are of interest here: 

E 1). 7. 38 to 7. 85 m.: " Olive-grey-green Cardium clay-gyttja. The gyttja less 
clayey. A few shells a nd shell fragments of Mylilus edulis and Hydrobia 
ulvae. Uppermost: a lso fra gm ents of Cardium edule." 

E. 7. 85 to 8.09 m.: " Dark olive-grey-green gyttja. R 1. F 1- 2. Seeds of Najas 
marina." 

H. 8.09 to 8.11 m.: " Dark olive-grey-brown gyttja. Shells of Valvala piscinalis, 
V. crislala and Limnaea ova/a." 

K . 8.11 to 8.Go m.: " Brown rootlet peat. R 2. F 0- 1. Uppermost I-I 8- 9. Lowest 
I-I 5." 

K. 8. so to 9.ao m.: " Dark reddish -brown Cladium peat. l.-I 8- 9. R 1. Many 
fruits and rhizomes of Cladium mariscus." 

L. 9. ao to 11. eo m . : "Chalk gyttja with numerous fragm ents of Bylhinia lenla­
culala, Planorbis vorlex and o ther fresh-water molluscs. The colour 
uppermost yellow-white, then pink to rose alternating with green. 
Lowest the gyttja olin-green-grey." 

The symbols are translated and the diagram converted, as mentioned 
under the Langes0 diagram. The few single finds of Picea, Fagus , and 
Carpinus are not included in the calculation. The numbers of the spectra 

1) Section description and d iagram show that the E - layers of the section description 
ought in fa c t to be termed F (misprint?) 
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correspond to those of the standard diagram. The part of the section 
discussed here consists of a number of deposits of various types, but 
judging from section and diagram the sedimentation seems to have been 
continuous. The possibility of a hi atus, however , exists at the transition 
from the highly humified radicel peat of layer K to the overlying gyttja 
of layer H. The rational limit of the Oak-Mixed-Forest lies between 
analyses 55 and 56. Hedera and Viscum both occur for the first time in 
analysis no. 52 ; but the pollen total given indicates that the absence 
of Hedera and Viscum in analyses 54 and 55 may be due to statistical 
causes. The rational Alnus limit has a higher position than the first 
occurrence of Hedera and Viscum , and from analysis no. 48 on the Oak­
Mixed-Forest reaches its maximum values. 

Stevningen , Funen (Plate XVII , Fig. 7). 

The investigation was carried out by TAGE NILSSON (1948, p. 7 sq., Pl. I). 
The section was made by boring, and the part of it which will be treated 
here, consists of the layers F, G, H , and I. 

The stratigraphy is as follows (beginning at the surface): 

0 = surface of the ground. 
"F. 206 to 488 cm.: Detritus gyttja, brown. In the upper part, above 320 cm., 

gradual ly in creasing frequencies of fern spores (maximum in the layer 
230 to 2G5 cm .) and Typha lalifolia (poll en), and decreasing values of 
Pediaslrum. The content of filaments of Nyrnphaeaceae except ionally 
large at the top (206 to 225 cm.); here a lso unusually numerous sponge 
spiculae. 

G. 488 to 508 cm.: Fine detritus gyttja, grey brown. 
H. 508 to 534 cm.: Algae-gyttja, green brown. The lowermost 8 cm. sandy. 

At the level of 530 cm. pollen of N ymplnea. 
I. 534 to 544 cm.: Clay-gyttja, sandy, gray green." 

Section and diagram have been converted on lines similar to those 
previously mentioned. In this case, however, it is made more difficult 
because the sum of tree pollen is not indicated in the individual analyses. 
For practical reasons, therefore, the sum has been estimated at 100 in 
all analyses; the sums resulting from the reduction can be used only 
to estimate the relative reliability of the analyses , not that of the dia­
gram as a whole. The numbering of the analyses has been made from 
the bottom layer upwards. No details in section or diagram suggest 
interruption of the sedimentation within this part of t he diagram. The 
Oak-Mixed-Forest shows a steep rise at analyses 15 and 16, and in 
no. 15 appears the first trace of Hedera. The rational Alnus limit is 
found at analyses 17 and 18, and the Oak-Mixed-Forest reaches its 
maximum values in analysis no. 29 and upwards. Despite the fact that 
many grains were counted, no Viscum is recorded in the diagram. 
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Holmeg a rds Mose , Zealand (Plate XVII, Fig. 8). 

The investigation was carried out by TAGE NILSSON (1947). The fol­
lowing is an examination of a fragment of the diagram from Holmegards 
Mose, Western dwelling-place P. 1. The section was made by boring . 

The layers B, C, D , E; F , and G are of interest here. Beginning at the 
surface (0-point), the sequence of layers is the following: 

" B. 80 to 120 cm.: Sphagnum b irch forest peat, with Phragmiles. 
C. 120 to 152 cm.: Swamp d y, with some remains o[ Phragmiles and Dryop­

leris lhelypleris. 
D. 152 to 206 cm.: Magnocaricetum peat, with remains of Phragmiles and 

Dryopleris lhelypleris , in the lowermost part also Cladium mariscus. 
At the top of the layer (about 15 cm.) pieces of charcoal, indicating 
the presence of a culture layer. 

E. 206 to 228 cm.: Cladium p eat , with remains of Carices, Phragmiles and 
Dryopleris lhelypleris. 

F. 228 to 233 cm.: Shell-gyttja, brown, with some rootl ets grown clown from 
the above layer. 

G. 233 to 272 cm.: Lime-gyttja, grey." 

The conversion and the numbering were made in the same way as in 
the Stevningen diagram, and the same conditions apply here. The two 
occurrences of Picea are not included in the calculation. As for details 
about the course of curves, as well as TAGE NILSSON'S interpretation, see 
the publication. Facts emphasized here are: the position of the rational 
Alnus limit is higher in the diagram than the rational limit of the 
Oak-Mixed-Forest , which has its maximum values at analysis 21 
and subsequent analyses. One remarkable point is the absence of Fraxi­
nils all through this part of the diagram. Unfortunately, H edera and 
V iscum were not recognized at the time. 

B. Discussion. 

The course of curves in the pollen diagrams illustrates the immigra­
tion of plants after the Glacial period, as well as the subsequent develop­
ment of vegetation. AU things considered, this picture of vegetation 
reflects the climatic development which has taken place since those 
days. Hence, through the division of diagrams into characteristic pollen 
zones, it has been attempted to group these in such a way that the 
climatic aspect became apparent. By restricting the field of research 
to a minor area which is phytogeographically homogeneous, it will be 
possible to connect the diagrams in regard to time with a fair margin 
of security, whereas correlations over large distances must always be 
regarded with some reservation. A change of climate need not involve 
the same botanical changes within a major area, and the interval of 
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time necessary for vegetation to stabilize itself after a change of climate 
will depend on the ecology of the different plants. 

The diagrams here displayed are all from East Denmark. In each of 
the survey diagrams, two sets of zone borders are indicated. In those 
previously published, the borders of the original publication are found 
on the left , whereas the borders discussed in the present thesis are seen 
on the right. For better orientation, a diagram has been added showing 
different sets of zone borders and indicating the criteria employed by 
the respective authors (Fig. 2). 

Investigators are universally agreed as to the zone border fixed be­
tween pre-Boreal and Boreal periods (IV-V, ex KNUD JESSEN) . Almost 
as universal is the agreement regarding the following , later, zone border 
(V- VI, ex K NUD JESSEN). In practice, however, it appears very difficult 
indeed to fix this border in the diagrams. As a rule , the rational Alnus 
limit is extremely well marked out, so that this level is easily determined; 
no problems arise until this level is correlated with the other curves of the 
diagram. In the present diagrams the rational Alnus limit coincides 
in a few cases (Verup) with the rational limit of the Oak-Mixed-Forest, 
whereas in others its position is higher ; in fact , in the Lang_es0 diagram 
it is even higher than the zone border VI- VII (JESSEN). On the other 
hand, the rational limit of Alnus may also be found below that of the 
Oak-Mixed-Forest (NILSSON 1935, Plate VI , 11 and 17 ; Plate VII, 9). 

These facts automatically raise the problem whether it is reasonable 
to employ the Alnus limit as a zone border. We must consider the 
question whether the rational Alnus limit can be regarded as a syn­
chronous level in our diagrams. 

The first occurrence of H edera and V iscum in the diagrams coincides 
with the rational limit of the Oak-Mixed-Forest , affording strong 
evidence in support of the theory that this limit is actually a synchronous 
level , due to climatic causes. At the same point of the diagrams is seen 
the empirical limit of Tilia , and in diagrams in which sufficient tree 
pollen (1000 or 2000 grains per analysis) has been counted, Fraxinus, too , 
will form a closed curve from this level. According to IvERSEN's 
studies (1944, p. 463 sq. ), the simultaneous appearance of Hedera and 
Viscum in the diagrams may, no doubt, be considered evidence of the 
fact that at this time a considerable improvement of climate set in, or 
that an improvement previously begun exceeded certain threshold values 
of vital importance to Hedera and Viscum. 

The only Alnus species which can be considered within the present 
area is Alnus glutinosa; and judging from the distribution of this species 
today, compared with that of Hedera and Viscum, it is obvious that 
the anomalies regarding the position of the rational Alnus limit in 
the diagram cannot have been caused by conditions of temperature. 

D. G. U. II. rk., nr. 80. 12 
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As for power of dispersal and age of maturity, Alnus glutinosa is in a 
favourable position compared with the trees of the Oak-Mixed-Forest, 
FmBAS (1949, p. 192 sq.) holds that the irregular occurrence of Alnus 
glutinosa is due to its need for moist soil, or at least, for a soil in which 
the ground water level is not far from the surface. Alnus glutinosa will 
occur but sparsely in places where the right soil conditions are not found; 
otherwise it will assert itself quickly. Thus, a rise of the water level, 
whether this be due to increased precipitation, less evaporation, or lack 
of drainage, may create places for Alnus to grow. On the other hand, 
a fall of the water level, regardless of its cause, may lead to the very 
same result by drying up swamps, or filling up lakes. 

The fact that the occurrence of alder is so vitally dependent on local 
factors , involves that it cannot register the universal climatic fluctuations 
in a clear way. 

It would be more natural to regard the first simultaneous occurrence 
of H edera and Viscum as the mark of a zone border; this however, re­
quires the counting of at least 1000 grains of tree pollen in each analysis. 
As this condition has but rarely been fulfilled, nor in all probability 
will always be, it will be more useful to regard the rational limit of the 
Oak-Mixed-Forest as a zone border, as has already been done ina few 
cases (cp. MIKKELSEN 1948, p. 18). 

A glance at the diagram indicating zone borders (Fig. 2) will show that all 
uniformity comes to an end at zone border VI- VII ex KNUD JESSEN. 
Here, however, we shall discuss only the criteria on the basis of which 
JESSEN and NILSSON have fixed this zone border. According to NILSSON, 
zone border VII5- VI5 = VI- VII ex JESSEN is placed at the rational 
limit of Tilia. In the Verup settlement diagram, the position of this 
level cannot be ascertained from the gently rising curve of Tilia. Whether 
it can be demonstrated in other diagrams is hard to tell until diagrams 
are available which are statistically sound, seeing that little profit is 
to be derived from interpreting more or less accidental rises and falls 
of percentages. 

According to JESSEN, zone border VI- VII is situated at that 
point in the diagrams where the rising curve of the Oak-Mixed-Forest 
intersects the falling curve of Pinus. In the diagrams published by 
JESSEN, Oorylus (in correspondence with v. PosT, 1916) is kept apart 
from the basic sum, Oorylus being regarded as belonging to the shrub 
layer in the forest, whereas in the diagrams here published, as well as 
in the diagrams of other localities here reproduced, Oorylus is included 
in the basic sum at reduced values. This has been done on the plea that 
Oorylus is integral to the natural cycle of forest succession, and takes 
part in the common struggle for " a place in the sun" (cp. FJEGRI & IVER­
SEN 1950, pp. 68 and 88). 
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Judging by diagrams II and V in the survey diagrams, the inter­
section of the curves of QM and Pinus does not, however, primarily 
depend on the competition between Pinus and the Oak-Mixed-Forest, 
but on the competition between QM and Corylus , seeing that in this part 
of t he diagrams the Pinus curve shows constant, or only slightly falling , 
values. A parallel deflection of the Pinus curve will move the inter­
section point of the curves so that at a locality which, for some reason or 
other, has an exceptionally high percentage of Pinus, the position of the 
intersection point will be higher in the diagram t han at a locality with 
a lower percentage of Pinus. Attention has previously been called to 
t his fact by NILSSON (1947, p. 206). Thus it cannot be taken for granted 
t hat the intersection point between the Pinus curve and the Oak­
Mixed-Forest curve occurs at synchronous levels in the diagrams. 

Judging from the present diagrams, the intersection point of t he 
Pinus and the QM curves is situated somewhere during a development 
beginning with a sudden rise of the QM curve and ending when it regains 
constant values. 

The part of the diagram where QM is rising and Corylus falling should 
be regarded as an entirety, and no zone border should be fixed until this 
natural development has come to an end. This implies that zone border 
VI- VII should be placed at the point where the rise of the QM curve 
ceases (cp. FJEGRI & IVERSEN 1950, p. 110 sq.). 

Several attempts have previously been made to divide the single 
pollen-analytical zones into sub-zones. Many of these secondary borders 
have been fixed from fluctuations of the curve of a single species of tree. 
According to t he pollen-analytical material which has up to now been 
published , such secondary borders must be regarded with scepticism ; 
besides, in most cases , t hey will hardly stand up against closer scrutiny. 
vVithin the period here treated, however, one secondary border must be 
considered reliable, namely that dividing zone V into sub-zones Va and 
Vb (JESSEN 1937). The border is fixed at the point where the rise of the 
Corylus curve ends. The boundary Va- Vb is, in principle, analogous 
with zone boundary VI- VII as defined above. 

The zone borders here suggested are entered into the space between 
the two halves of the diagram Fig. 2. 

A glance at the L angeso diagram (Plate XVI, Fig. 5) at once reveals 
the conspicuous feature that the diagram picture contains an element of 
rhytrn , to the effect that periods in which the courses of curves are 
comparatively parallel , alternate with periods in which some of the 
curves intersect. To put it differently: it seems that a process of alter­
nation takes place between fairly constant conditions in the composition 
of the forest, and periods characterized by great changes of t he forest 

12 * 
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picture. After the balanced conditions of zone IV, in which Betula is 
completely dominant, while Pinus and Oorylus occur in slight quantities , 
the picture suddenly changes. There is a strong increase of Oorylus, 
Pinus rises, whereas Betula falls. This is t he position of zone borders 
IV- V. The development now begun continues until Oorylus dominates , 
and B etula has had a strong decline. Pinus is declining once more, t he 
Oak-Mixed-Forest appears, and we cross the border between Va and 
Vb. By now t he forest seems, as it were, to have stopped reacting to 
the impulse which started the development at zone boundary I V-V, 
and throughout subzone Vb conditions seem to be stabilized among 
t he forest trees. But then the process repeats itself. Just as Betula was 
ousted by Oorylus , the latter now has to yield to the trees of t he Oak­
Mixed-Forest. The whole of this development takes place in zone 
VI, and it is not until a new balance has been established t hat we enter 
zone VII. It appears from diagram V of t he Langes0 survey diagram 
that P inus holds its ground all along from border V a-Vb to the top of 
t he diagram. This also applies to B etula, which holds out until border 
VI- VII, when it is hard pressed by rapidly advancing Alnus, which at 
once suppresses the last remnants of Salix. On t he whole, the main 
impression left upon the observer is that from the border between Va 
and Vb onward, the Oak-Mixed-Forest , including Oorylus , has gained 
complete supremacy of the forest , and the development of t he forest 
is from now on characterized by the competition between the elements of 
QM. The courses of curves in diagram VI illustrate this competition, 
and though the picture of curves may seem confused, the main result 
is clear: Coryl'us must yield to the other trees of t he Oak-Mixed-Forest. 
It is equally obvious, though, that in the case of t his diagram, the 
curves of the components of QM proper cannot be used as a basis for 
further division into subzones. 

At zone border VI- VII the curves again register sudden changes. 
This level is situated at 6. so m. below the surface, and if it is borne in 
mind that the section was bored with a HILLER sampler , the chamber 
length of which is O.s m., the thought arises whether there may have 
been any irregularities in connection with the boring, as e. g . that a 
tube length of sample is missing at this point of the section1 ). 

Th e Even diagram (Plate XVI, Fig. 6) shows extremely great simi­
larity with t he Langes0 diagram with regard to t he main features pointed 
out here. Some of t he details also correspond. Thus in both diagrams there 
is a distinct increase of Pinus in zone Va. In t he case of the Even 
diagram, MIKKELSEN states the theory that t he subsequent sudden fall 

1) From a later statement kindly forward ed by A LFRED ANDERSE:--1, it a ppears from 
the record of th e Langeso in ves ti gation that at t he level of 6.so m. below th e surface, t he 
boring was m oved to a nother ,point owing to difficulties at the origin al borin g-poin t. 
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of the Pinus curve (see the original diagram) accompanied by a corre­
sponding rise of Betula, may be due to a forest fire. The course of curves 
in the reduced diagram (Plate XVI, Fig. 6, II) does not support this 
assumption. Besides, one might expect an increase of herbaceous pollen 
as the first reaction after a forest fire. The diagram shows no such 
increase of herbaceous pollen, and as, moreover , the level in question 
does not seem to have contained any finds of charcoal dust, the 
interpretation suggested seems to be illfounded. 

As for zone border VIIa-VIIb , as indicated by MIKKELSEN, attention 
is called to the possibility that the distinct fall of the Pinus curve on 
which MIKKELSEN bases the establishment of this boundary, is probably 
due to the fact that the sediment at this level changes its character from 
that of highly humified radicel peat with great pollen destruction, to 
slighly humified gyttja with well-preserved pollen. 

By comparing the Pinus curve of diagram V with the section column, 
it appears that the distinct rise of the Pinus curve within zones VI and 
VII corresponds to the two extremely humified layers of Cladium peat 
and radicel peat. 

It will not be defensible in this diagram, either, to base the establish­
ment of zone borders on fluctuations of the single curves of QM consti­
tuents (see diagram VI). 

The rather confused course of t he curves of zone IV within diagram 
VI may be due to the exceedingly small number of pollen grains on 
which the calculation is based. 

The Stevningen diagram (PlateXVII, Fig. 7) may also be divided 
into the same main parts as the Langes0 and Even diagrams. It would 
have been of great value to t he assessment of the course of curves in 
the diagram, if the number of pollen grains counted had been stated; 
it will now be impossible to discuss the course of curves within the 
Oak-Mixed-Forest proper. 

The Holmegards Mose diagram (Plate XVII, Fig. 8) shows a 
more irregular course of curves than the diagrams of the other localities. 
Still , the same main features are recognizable. 

TAGE NILSSON points out the favouring of the Pinus curve through 
pollen destruction of the highly humified swamp peat formations, and 
t he abnormally high percentages of Tilia are explained partly in the 
same way. It is reasonable to believe, though, that the statistical defects 
from which the countings seem to suffer, may have contributed essen­
tially to the irregular course of t he curves. 

Accordingly, the course of the curves in the diagram is based on 
evidence so insufficient that it would be risky to regard fluctuations 
in the curves of the individual species of QM trees as criteria of zone 
borders. 
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The Verup diagrams , too, within their more restricted space of time, 
display the same fundamental characteristics. 

The diagrams here discussed t hus present the picture of forest develop­
ment within the area in question , a picture uniform with regard to main 
features, t hough perhaps in some details incorrect or blurred owing to 
dissimilarities of sedimentation, pollen destruction, or insufficiency of 
countings . 

The forest development described above may have been caused by 
sudden climatic changes; but it is just as reasonable to assume t hat 
the change of climate was gradual. Each single forest tree species possesses 
a rather high degree of climatic amplitude; however , if certain threshold 
values are exceeded, a development is started which willcontinueforsome 
time until sooner or later a new state of balance is restored, which mani­
fests itself in a new type of forest , dominating in its turn until yet another 
group of threshold values are exceeded. This process, of course, is not 
nearly so simple as the rough outline given above might suggest, seeing 
that climate is only one of the factors- an important factor , it is true­
of that complex of elements which determine the development of t he 
forest. 

III. Pollen-Analytical Dating of Mesolithic Finds. 

By converting previously published diagrams in accordance with the 
principles used in the Verup diagrams , an attempt will be made to place 
a number of mesolithic finds dated through pollen analysis, in relation 
to the zone borders here proposed. The varying degree of security with 
which the individualfinds have been placed within the diagrams, is due to the 
fact that the pollen analyses on which t he calculations are based, are 
not homogenous (Fig. 3). 

One point, however, should be more closely discussed. According to 
the diagram there seems to be some divergence between the dating of 
the Holmegard West settlement, as dated by KNUD JESSEN and TAGE 
NILSSON respectively. This need not indicate any unreliability of t he 
pollen-analytical met hod. NILSSON'S section was made by boring, and 
t he culture layer is marked as a horizon with "several pieces of char­
coal" . Investigations carried out by TROELS-SMITH in Holmegard bog 
prove that within a single group of settlements it has been possible to 
segregate up to eight settlement layers, more or less displaced with re­
gard to time and space, which implies different kinds of overlapping, 
periodic as well as regional. Investigations carried out for years in t he bog 
Aamosen have yielded the hard-earned experience that only minute 
measurings of open sections are able to prove whether two culture layers 
are identical, even within very short distances.-From t he material at hand, 
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it is most reasonable to assume t hat the culture horizon dated by NILS ­
SON is not identical with t he Holmegard West settlement as dated by 
JESSEN. 

From the diagram here worked out it appears that the number of 
settlements increased gradually from the last phase of the pre-Boreal 
period all t hrough zone V, culminating just when t he O a k-Mi xed ­
Forest began to leave its mark on the forest picture. As the deciduous 
high forest spread and the forest grew darker, habitation thinned out, 
and according to a theory previously stated (TROELS-SMITH 1942b) , 
the decreasing number of hunting game in the forest , now closed and 
with hardly any grass growing in it , is the actual reason why the Magle­
mose hunters gave up their inland stations in search of new and better 
hunting grounds. Thus, the lower culture layer of Verup I belongs to 
the optimum, and t he upper layer to the final phase, of t he Maglemose 
culture. 

From the facts available, then, it seems fair to believe t hat t he flint 
pick was either dropped, or thrown away for some reason, at a date 
when, to our present knowledge, t he Maglemose cult ure flourished ; con­
sequently t he implement must be contemporaneous with, or earlier t han, 
t he many settlements marking the climax of the Maglemose period.­
It is to be regretted, however, that the archaeological determina­
tion of the two Verup culture layers should be founded on such a slender 
basis, as only an insignificant part of the excavated material originates 
from the recognizable culture layers of the refuse area, a fact which 
calls for t horoughness of method, no less within archaeological than 
within geological field investigations. 

The translation of this paper into English was made by Ola£ Lindum. 

Dansk resume. 

En pollenanalytisk Datering af Maglemose-Fund 

fra den sj rellandske Aamose. 

I Foraaret 1951 blev der i Verup Mose, en Del af den sjrellandske Aarnose, 
fundet et ,,stort Spidsvaaben af Flint" (Fig. 1). Typen er beskrevet i ,,Danske 
Oldsager I" und er Nr . 45 (MATHIASSEN 1948). Fundet er gjort af Lektor 
K 1 UD ANDERSEN, og Fundst edet Jigger i urniddelb ar Nrerhed af en Magle­
rnose-Boplads, Verup I, som er blevet udgravet af C. L. VEBJEK i 1943 og 1944. 
F inderen af Spidsvaabnet har bearbejdet det u dgravede Oldsagsmateriale 
fra Bopladsen. Paa denne findes 2 Kulturlag, et neclre og et 0vre, som KNUD 
ANDERSEN efter Oldsagstyperne parallelliserer h enholdsvis med Periode 2 og 
Periode 3 af Maglemosekulturen eft er BECKERS Inddeling (Aarb0ger 1951). 
Med St0tte a[ andre Fund fr a Aamosen h enf0rer F inderen Spidsvaabnet til 
,,gamrnel K ystkultur" - et rnuligt Forstadie til den egentlige Erteb0llekultur. 

Fra Spidsvaabnets Fundstecl foreligger en Profilbeskrivelse, og et Pollen-
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diagram er udarbejdet (Tavlc XIV, Fig. 1). Det samme foreligger fra Bopladsen 
(Tavle XV, F ig. 3.) For at komme nrermere til de ri gtige Forhold i Skovens 
Sarnmensmtning er der udarbejdet ,,reducerede" Diagra mm er (Ta vie XIV, Fig. 2, 
II og Tavle XV, Fig. 4, II). I disse in dgaar Cory/us i Beregn ingssummen, m edens 
de st mrkt lokalt b etingede Trreer, A lnus og Sa/ix er holdt udenfor denne, og 
de store Pollenproducenter, Belula, Cory/us og Pinus er reduceret til ¼-

Ligeledes er udregnet D iag rammer , der Yiser Forskyd ningerne mellem 
Egeblandingsskoven (incl. Corylus /4) og B elula /4 og P inus/4 (Tavle XIV, Fig. 
2, V og Tavle XV, F ig. 4, V). 

Endelig er der udregnet Diagrammer, s0111 v iser Konkurrencen m ellem 
Egeblandingsskovens Tneer, hvortil Cory/us er regnet med reduceret Vrerdi 
(Tavle XIV, F ig. 2, VI og Tavle XV, F ig. 4, VI) . 

Det frerngaar af saavel Sed imenter som af Poll endiagrammer , at i det 
Tidsrurn Diagrammerne drekker - Zon e V, Zone VI og Begyndelsen af Zone 
VII eft er K NUD J ESSEN - er den oprindeli ge So groet strerkt til, men at denne 
Tilgron ing er stagn eret ell er endog er aflost af en Vandstandsstigning, som 
hovedsagelig Ji gger i T id srummcl mell em de to Bebyggelser paa Bopladsen. 
En Sammenligning m ellem Diagrammerne godtgor tilli ge, at Spidsvaabnet 
rnaa vcere sarntidigt m ed eller celdre end den yngst e D el a f det n edre Kultur­
lag paa Bopladsen. 

I Verup-Diagrammerne forekornmer som n reYnt de af K NUD JESSEN fast­
satte Zonegrrenser V-VI og V I-VI I. Da disse Grre~ser tildigere har vreret 
under Debat, v il det i denne Sarnmenhreng v::ere af Interesse at underkaste 
dem en fornyet Granskning. For at skaffe et storre Materiale er 4 tidligere 
publi cerede, nyere Pollendiagrammer fra 0st-Danmark omregnet efter de 
samme Principper som Oversigtsdiagrammerne fra Verup. Folgende Dia­
gra mmer er omregnet: Lan geso, Fyn (ALFRED ANDERSEN 1946) Tavle XVI, 
Fig. 5, Even (VALDEMAR MIKKELSEN 1949) Tavle XVI, F ig. 6, Stevningen, 
Fyn (TAGE NILSSON 1948) Tavle XV II, Fig. 7 og Holmegaa rds Mose (TAGE 
NILSSON 1947) Tavle XVII, Fig. 8. 

Paa Fig. 2 vises et Skema over forskellige S::et af Zonegrcenser og de Kri­
terier, de respektive Autores angiver. 

Som det fremgaar af F ig. 2 er der almindelig Enighed om at anvende den 
rat ionelle Alnus-grrense som Zonegrrense (V-VI JESSEN). Den rationelle Alnus­
gr ::ense Ji gger i R eglen efter den rationelle Grcense for Egeblandingsskoven, 
undertiden falder disse to Grmnser sammen, men i nogle Diagrammer kan 
den rationelle A lnus-gr::ense ogsaa li gge for Egeblandingsskovens rationelle 
Gr::ense. 

Da den rationelle Gr::ense for Egeblandingsskoven imidlertid falder sam­
m en med den fors te samtidige Forekomst af H edera og Viscum er d er god 
Grund til at anse denne Gr::ense for et klimatisk betinget synkront Niveau i 
Diagrammerne, og den er da at foretnekke for den stcerkt lokalt betingede 
A /nus-gr::ense. 

Zonegrcensen VI-VII scettes efter J ESSEN, h vo r den stigende Kurve for 
Egebland ingsskoven skrerer den faldende Pinus-Kurve, m eden s den efter 
NILSSON srettes ved den rationelle Gr::ense for Tilia. Efter de foreli ggende 
D iagrammer at domme er ingen af de to n revnte Kriteriervelegnede. I begge Til­
fmlde Jigger den mevnte Gr ::ense et eller andet Steel i et j ::evnt U dviklings­
forl ob, der begynder ved den rationelle Gr::ense for Egeblandingsskoven 
og som vedvarer indtil Egeblandi ngsskovens Kurve h ar naaet rnaximale 
Vcerdier. Del v il da v::ere rim eligt at b etragt e dette Afsnit som en Helhed og 
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srette Zonegr rensen VI-VII, hvor Stigningen af Egeblandingsskovens Kurve 
ophorer. Paa Fig. 2 er de her foreslaaede Grrenser indtegnet mellem Skemaets 
to Halvclele. 

I Fig. 3 er der gjort et Forsog paa at indordne de indtil nu pollenanalytisk 
daterede danske Fund fra Maglemose T id efter de h er foreslaaede Zonegrre nscr. 

References. 

Aarb. = Aarboger for l\'orclisk Oldkyndighecl og H isto rie, K0benhavn. 
D. G. F. Meclclelel ser fra Dansk Geologisk Forening, K 0benhavn . 
D. G. U . = Danmarks Geologiske Un clers0gelse, K 0ben havn . 
G. F. F. = Geologiska foreningen i Stockholms Forhancllingar, Stockholm. 

ANDERSEN, ALFB ED, 194G: Langeso-Egnens Plantev::ckst efter Isticlen. Hans Berner 
Schilden Holsten & Albert Fabritius: Lelmsbaron Hans Berner Schilden Holsten 's 
Sl::egtebog. K 0benh avn. 

ANDERSEN, A. & M0LLER , K., 19,J6: F und a f Uroksc (Bos La Ul'u s uru s L.) i Grre nge Mose 
paa Loll and. D.G.U., IV. R ::ekke, Bd. 3, Nr. 1. 

ANDERSEN, K Nu o, 195 1: H ytter fra Maglemosetiden. Dan marks ::eldste Boli ger. Fra 
Nationalmuseets Arbejclsmark 1951. K0benhavn. 

BECKER, C. J ., 1952: Maglemosekultur paa Bornholm. Aarb. 195 1. 
FIRBAS, FRA NZ, 1949: Spat- uncl nacheiszeitliche Walclgeschichte l\litteleuropas norcllich 

der Alpen. Erster Band : Allgemeine "\Valdgesch ichle. Verlag von Gustav Fischer. 
Jena. 

F,EGRI, K NuT, 1940: Quartargeologische Untersuchun gen im wes tlichen Norwegen. IL 
Zur spii tquartiiren Gesch ichte J ::er ens. Bergens Museums Arbok 1939-40. Naturvit. 
rekke Nr. 7. Bergen. 

FJEGRI, K. & IvEHSEN, Jo1-1s. , 1950: Text-Book of modern Pollen Analysis. Ejnar Munks­
gaard, Copenhagen. 

GRAM, IC & J ESSEN, K Nuo, 1949: Yilde Planter i Norden. Anclen uclvidede og forb ecl recle 
U cl gave. I. B ind. G.E.C. Gads Forlag, Kobcnhavn. 

HuLTEN, ER1c, 1950: Atlas over viixternas utbrecln ing i Norden. Faneroga mer och orm­
bunksviixt er. Generalstaben s litograf. anst. forlag. Stockholm. 

HYLAN DER, N1Ls, 1941 : Fo rteckning over Skanclinaviens Vaxter. 1. K arlviixt er. Treclj e 
Upplagan. Utgiven av Luncls Botan. Foren. Lund. 

lvERSEN, J o Hs., 1941: Landnam i Danma rks Stenalcl er. En pollenanalytisk Unclerso­
gelse over det farste Lanclbrugs Inclvirkn ing paa Vegelationsuclviklingen. Land 
Occupation in Denmarks' Stone Age. A Pollen-Analytical Study of the Influence of 
F armer Culture on the Vegetational Development. D.G. U., II. R::ekke, Nr. 66 . 

1944: Viscum, H eel era, and llex as clim ate indicators. G.F .F. , Bel. 66, H. 3. 
1946 : Geologisk Da tering a f en senglacial Bopla cls ved Bromme. Aarb. 1946. 

1947: Discussion at th e meeting: Nordisk kvartii rgeologisk mote. 1945. G.F.F., Bel. 
69, H. 2, pag. 2,J 1 . 

1949 : The Influence of Prehistoric Man on Vegetation. D.G.U., IV. R ::ekk e, Bel. 3, 
Nr. 6. 

IVERSEN, J o 11 s . & FJEG RI , K NuT, 1950: Text-Book of Modern Poll en Analysis. E jna r 
Munksgaard, Copenhagen. 

l vERSEK, J o 1-1s. & OLSEN, S1GURD, 19,J3 : Die Vcrbreitung der ·w asserpflanzen in Re­
lation zur Chemi e des \ Vassers. Botanisk Ticlsskrift, Bel . 46 . H. 2. Kobenhavn. 

IvEHSEN, Jo1-1s. & TROELs-SM1TH, J. , 1950: Pollenmo rfologiske cl efinition er og typer. 
Pollenmorphologische Definitionen un d Typen. D.G.U., IV. R::ekke, Bel. 3, Nr. 8. 

J ESSEN, K NuD, 1920 : Moseunclersogelser i clet norcl0stlige Sj::ellancl. Med Bem::erkninger om 
Tr::eers og Buskes Incl vanclring og Yegetationens His torie. D.G.U. II. Ra,kke, Nr. 34. 



187 

JESSE:-<, J.;: Nuo, 1935: The Composition of lhe Forest in Northern Europe in Epipa-
1::eolithic Time. Det J{gl. Danske Vidensk . Selskab. Biolog. i\ledclel. X l r, 1. Kobenhavn. 

J 935b: Archaeological Dating in the History of North Jutland 's \"ege lation. Acta 
Arch aeo logica, Vol. V , Pa se. 3. K0benhavn. 

1937 : Litorinasrenkn in gen ved Klinteso i po ll enflori slisk Belysning. D.G.F. Bind 9, 
Hcfte 2. 
1938: Some west balti c pollen diagrams. Quartiir, Band I. Berl in . 

JESSE N, l< NUD & GRAM, l<. , 1949 : Vilde Planter i Norden. 2. Uclgave. I. 13 incl . G.E.C. 
Gads Forlag. K0benhavn . 

i\lATIIIASSEN , THERKEL, 1943: Stenalcl erbopladser i Aamosen. Nordiske Fortid s m inder. 
Ill. Bind 3. K0benhavn. 

- 1948: Danske Olclsager. I. Ac:ldre Sten a lder. Gyldendalske Boghanclel, Nordisk For­
lag. Kobenhavn. 

MIKKELSEN, VALDDIAR i\I. , 1949: Pr::esto Fjord. The Development of the Post-Glacial 

Vegetation a nd a Contribut ion to lhe History of the Baltic Sea. Dansk Botan. 
Arkiv. Bel. 13, N r. 5. K0benhavn . 

i\luLLEH, SoPHUS, 1886: Nye St enalclers Former. Aarb. 1886. 
l\"1LSSON, TAGE, 1935: Die pollenanalytische Zonengliederung cler spat - und postglazialen 

Bildungen Schonens. Mecldel. Lund s Geolog.-:\Iineralog. ln slitut. I\: o 61. Bd. 57, H. 3. 
1947: A Pollen-Ana lytical Investigation of Holmegaard s i\lose with Considerat ions 

as to the Age of the Dwelling-Places of the Maglemosean Period in Denmark and 
Surrounding Areas. D.G.F., Bel. 11, H. 2. 

1948: On the App lica tion of the Scanian Post-Glacial Zon e Sys tem to Danish Pollen­
Dia gra m s. Det J<gl. D a nske Vidensk. Selskab. Biolog. Skrifter, Bel. V, Xr. 5. Ko­
b enhavn . 

. NoRD~lAN1', V., 1936: Menn eskets Indvanclrin g lil Norden. D.G. U., I 11. R::ekke, Nr. 27. 
OLSEN, S1GuRo & IVERSEN, Jo1-1s., 1943: D ie Verb reitung der \Vasserpflanzcn in Relation 

zur Chem ie des Wassers. Botanisk Ticlsskrift, Bel. ,JG. K0benhavn. 

VON Pos-r, LEN:-<ART, 1916: Skogstriidpollen i sydsvenska torvmosselagerfo lj cler. Forh . 
vecl 16. skand. naturforskermote 1916. Krislian ia . 

SAMUELssoN, Gu:--11'AR, 193,1: Die \"erbreitung cler hoheren \ Vasserpflanzen in Norcleuropa 

(Fennoskancl ien un cl Danemark). Acla Phylogeographica Suecica \" I. Upp sala. 
TROELS-SM 1T11 , J., 1941a: Geological Dating of a Reindeer Anller Hammer from Veelb::ek. 

Acta Archaeologica, Vol. XIC, Fasc. 3 . Kbhvn. 

1941b: Poll enanaly tisk Datering a f tre Fiskeruser. Resume en francai s. Aarb. 1941. 
1941c: Poll enanalytisk Ticlsbeslemmelse af Crokseknoglen mecl Menneskctegninger 

fra Rycmarksgaarcl. THERKEL i\IATHIASSE:s:: Yore ::elcl s tc Menneskefrcmsti lli nger. 
Fra National museets Arbejclsmark 1941. K0benhav11. 

1942a: Geologisk Datering af Dyrholm-Fundet. Det l<ongeli ge Danske Videnskaber­
nes Selska b, arka,o logisk-kunsthistoriskc Skrifter, Bel. 1, Nr. 1. Koben h av11 . 

1942b: Foreclrag om de forel0bige Resultater af de geologisk-arkreologiske Uncler­
s0gelser i Aamosen. D .G.F., Bd. 10, pag. 27 1-2 76. 
1943a: Geologiske Dateringer af Bop laclser i Aamosen. En forel0big Mecldelelse. 

Resume en francai s. Nordiske Forticl smineler III, 3. K0benhavn. 
1943b: Geologisk Da lering af Koelbjerg Skelettet. Aarb. 194 3. 

1954a : Karakterisering af l0se Jorcl a rler. D .G.U., IV. R::ekke, Bel. 3, Nr. 10. 
195,1 b: PolJenanalytische lintersuchungcn zu einigen schweizerisehen Pfahlbau­
problcmen. Pfahlbaufes lschrift 1954. 

TnoELs-SMITI-I, J. & lvERSEN, Jo1-1~., 1950: Pollenmorfologiske clefin itioner og t yper. 

Poll enmorphologisch c Dcfinitionen und Ty pen. D.G. U., IV. R ::ekke, Bel. 3, Nr. 8. 
\ VELTEN, M., 1947: Poll ena nalytisch-stratigraphische Untersuchungen uncl chronologischc 

Bes limmungen am PJ'ahlbau Burgiischisee Ost. Steph an Pinosch: Der Pfahlb au 
B urgiischisee Ost. Jahrb. flir Solothurn ische Gesch ichle, 20. Bel. Solothurn. 



Two Standard Pollen Diagrams 
from South Jutland. 

By 

ALFRED A ND ERSEN. 

D anmarks Geologiske Unders0gelse, Charlottenlund. 

Abstract. 

The author presents pollen diagrams from two localities in South Jutland, 
1) Lake Tinglev situated in an infertile out-wash plain, and 2) Bundso, a lake 
in a fertile boulder clay region (see the map Fig. 1). After examining the dia­
grams the author makes a comparison between them, in which he points out i. a. 
the marked difference due to th e fact that the Bundso diagram is greatly influ­
enced by culture, whereas this factor is remarkably little noticeable in the diagram 
from Lake Tinglev (apart from the Sub-Atlantic part of it) . Thus the early periods 
of the latter diagram reveal how the for est develops when conditions are natural. 
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Introduction. 

One of the principal purposes of pollen analysis is to clarify the evolution 
of the vegetation during past ages. For Denmark, we have gradually become 
familiar with the broad outlines of the changes that have taken place in 
the vegetational picture since the melting of the ice at the close of the 
Glacial Period, and already in 1935 K NUD JESSEN set up nine pollen zones 
(I- IX) which are still applied to Danish diagrams. But even though the 
main features are the same everywhere in the country, there are some 
variations from one part to another and many details call for elucidation. 
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Fig. 1. Map showing the two localities. 

In the course of time a large number of pollen diagrams have been 
drawn up for various parts of the country, but as a general rule they refer 
only to short sections of the postglacial era, having usually been prepared 
for some particular purpose. For all specialized pollen statistical investiga­
tions it would, however, be a great benefit if more comprehensive dia­
grams, "standard diagrams", covering the various regions of our country, 
were available. To qualify as "Standard" a diagram must extend over 
the longest period of time possible and it must reflect t he evolution of the 
vegetation within a region of fair size. For this reason, the sample series 
on which it is to be based must be taken at a place where the influence of 
local factors is at a minimum, for example from the middle of a large 
lake basin. Only very few such standard diagrams have been published, 
drawn up along more modern lines, taking due regard not only to the 
pollen of trees and shrubs but also to that of the herbaceous plants. 

Accordingly, the present work is an attempt at filling that hiatus in 
respect to South Jutland, and I hope to have opportunities later on of 
presenting standard diagrams for other parts of Denmark as well. 

The two South Jutland localities which have provided the pollen series 
for these analyses are Lake Tinglev, representing the western infertile 
part of the province, and the lake Bundsi::i, on the fertile island of Als. 
Both lakes are dried up, so that the bog drill was easy to use. The work 
in Lake Tinglev was done in 1941 and 1942 by Drs . SIGURD HANSEN and 
Jmrs. IVERSEN, who made borings at several places and obtained sample 
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series from suitable spots. In Bundso the borings were made in the sum­
mer of 1948 by Dr. IVERSEN and the writer. 

If it has been decided to publish these two pollen diagrams together, 
the reason is that they form an excellent supplement to each other. The 
Lake Tinglev diagram is practically free of cultural influences in the early 
periods, whereas the Bundso diagram is affected by this factor to an 
unusual degree. Furthermore, as already indicated, whilst Lake Tinglev 
is situated on the anything but fertile out-wash plain, Bundso is surrounded 
by fertile boulder clay soils. 

Before going through the various diagrams I shall describe briefly how 
the percentages were calculated. In most earlier diagrams the sum of the 
arboreal pollen (AP) except hazel was employed as the basis for these 
calculations (cf. v. PosT 1918, p. 442). In accordance with IVERSEN & 
FA!;GRI (1950) in the present paper hazel is , however, included in the AP. 
In the following, then, it is to be understood that the term AP always 
embodies Coryliis. 

It will be seen that the diagrams are divided into two sections, A and B, 
A comprising trees (AP), B herbaceous plants and low shrubs (NAP). 
All the curves are plotted on percentages. In Section A these percentages 
are worked out on the basis of the sum of AP, but in Section B the 
pollen count of the particular species is added to AP in every case, and 
the resulting value is employed as the basis for calculation. Thus, where 
HP signifies the absolute pollen number of a species, the percentage is: 
IOOxHP 

AP+HP 

Lake Tinglev. 

This locality is situated about 1 km . SW of the station of Tinglev. It is 
completely surrounded by the out-wash plain. On a map dated 1828 are 
shown two basins of almost equal size, }'oined by a narrow waterway. 
During the first World War the place was drained by ditches , causing a 
lowering of the water level, and now the lake is a swamp with a vegetation of 
Phragmites , Typha , Sparganium ramosum, species of Carex , Rumex Hydro­
lapathum , Ranunculus lingua, Caltha palustris, Galium palustre, Cicuta 
virosa and other swamp plants. The bottom, covered with water here and 
there, is very soft and impossible to walk upon ; boring had to proceed 
from a flat-bottomed boat. At about the narrowest part of the former 
lake there is now a railway embankment, which serves further to mark 
the separation into a northern and a southern part. In the following these 
two basins will be called Tinglev Norreso and Sonderso respectively. 

Two sample series have been analyzed, one main series from Norreso 
and a smaller one from Sonderso. The latter, representing merely the 
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upper strata down to a depth of 2 metres , is included as a supplement to 
the former, which apparently does not reach up so high. The two borings 
lie about 600 metres apart. 

The following section was recorded from the boring in Ni::irresi::i: 

0- 60 cm. water 
60- 169 cm. telmatic fen peat with Menyanthes and Carex 

169-200 cm. calcareous gyttja 
200-550 cm. lake marl 
550-600 cm. slightly sandy calcareous gyttja 
600-700 cm. sandy, grey gyttja 
700- 780 cm. do, but without sand, lighter downwards 
780-800 cm. peaty, sandy and gravelly stratum with wood of Pinus 
800- (805 cm.) gravelly sand. 

The supplementary boring in Sondersi::i gave: 

0- 28 cm. 
28- ca. 60 cm. 

ea. 60- 80 cm. 
80-125 cm. 

125-(200 cm.) 

water 
fine-sandy diatom gyttja 
sandy calcareous gyttja with molluscs 
calcareous gyttja with molluscs 
lake marl 

The diagram from Tinglev Norresi::i (Plate XVIII) shows that sedimen­
tation did not begin until relatively late, i. e . in the beginning of the 
Boreal Period (Zone V) , as shown by the Corylus curve which is still fairly 
low, and by t he dominant Pinus and Betula. 

The fact that in such a deep basin there are no deposits from earlier 
periods may possibly be due to circumstances similar to those demon­
strated by HARTZ (1912) in late-glacial sediments. Directly overlying 
the moraine he found first terrestrial, then limnic Alleri::id strata, whereas 
Older Dryas was lacking. HARTZ's explanation is that when the ice-sheet 
was waning at t he close of the Glacial Age, it left behind a large ice 
core covered by a moraine sheet. The moraine cover would gradually 
acquire a growth of vegetation, and mould was formed. In the warm 
Alleri::id time the lump of ice finally melted and the overlying deposits 
sank down. As a result, the spot became a water-filled basin, and on its 
bottom gyttja formed over the Alleri:id mould. 

In Tinglev Norreso a thin bed of peat (780- 800 cm .) lying directly on 
t he sand is observed. This deposit, which was encountered in several 
borings in both Ni::irre- and Sondersi::i and which sometimes is somewhat 
mould- like in character below, corresponds to H ARTZ's Alleri::id mould. 
However, the lump of ice that caused the forming of Lake Tinglev did 
not melt away completely until t he Boreal Period (Zone V) at the earliest. 
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Before that the moraine above it was covered with vegetation, and in 
the early forest period, even trees grew above the ice remnant as 
the presence of Pinus wood in the peat layer demonstrates. This latter 
deposit must have been formed while the ice was melting, when the 
ground surface subsided and turned into a depression filled with water. 
In it peat was formed at first, and later, when the depth became greater, 
gyttja was deposited. 

For the rest, Zone V in the Norreso diagram presents a normal picture, 
with a high Pinus curve and very soon considerable Corylus values too, 
whilst the B etiila curve decreases and the Oak Mixed Forest as yet is 
quite insignificant; the first faint traces of Alnus appear in the closing 
phase of the zone. The rise of the Alnus curve marks the transition to 
Zone VI, in which the Oak Mixed Forest increases whilst Betula, Pinus 
and Corylus describe a steady fall. According to JESSEN (1935), the bound­
ary between VI and VII is placed where the ratio of Pinus to the Oak 
Mixed Forest acquires the value of 1. Zone VII (Atlantic Period) is 
characterized by a very gradual fall of Pinus and by decreasing Betula and 
Corylus curves, though these two are more oscillating, a fairly quiet and 
uniform curve for Alnus and a smooth increase of the Oak Mixed Forest, 
the latter due especially to the curve of the oak itself. Here Fraxinus does 
not begin to appear until the beginning of Zone VII, whereas normally it 
occurs somewhat earlier. Pollen of Viscum and Hedera has a sporadic 
occurrence. The latter already made its appearance at the beginning of 
Zone VI. 

I have placed the lower boundary of Zone VIII, Sub-Boreal Period, 
in conformity with IVERSEN (1941) where the Ulmus curve begins to fall , 
whilst Quercus simultaneously rises. Following shortly above the zone 
boundary is the first vague sign of a land occupation (IVERSEN 1941) , 
manifested by a slight decrease for elm and oak, whereas Tilia and 
Fraxinus show scarcely any reaction. B etula, which usually increases, is 
also unaffected, whereas Corylus and Alnus display slight, temporary 
increases. A little higher up the diagram (at 245 cm.) the curves describe 
exactly the same course as those just mentioned, i. e. another sign of a 
clearance, though only faint. 

Together with the first land occupation we find a few pollen grains of 
Plantago lanceolata, and this typical agricultural indicator occurs contin­
uously, increasing somewhat upwards in the diagram. A single pollen grain 
of Plantago major was found at 235 cm. Among other weeds-though they 
also occur in earlier periods- mention should be made of Rumex Acetocella 
and Artemisia. These too occur only in small numbers throughout the 
greater part of Zone VIII (Sub-Boreal Period) and react but very 
feebly to the two weak clearing phases. Plantago lanceolata and the 
other weeds mentioned have a slight, transitory increase towards 
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the boundary between Zones VIII and IX together with a small regres­
sion for the Oak Mixed Forest, a picture suggesting that culture is now 
approaching nearer. 

All in all it will be seen that during the greater part of the Sub-Boreal 
Period there was no culture, or at any rate extremely little, in the imme­
diate environs of Lake Tinglev. It is presumable that the faint signs of 
culture influence were due to more remote forest clearances. As a matter 
of fact , a study of archaeological finds and graves leaves the definite 
impression that the area is particularly poor in relics from the Stone Age. 
For example, there are no dolmens or passage graves, nor have any 
single-grave mounds been recorded (cf. maps in BR0NDSTED 1938 and 
GLOB 1945). Sout hwest, west and north of Lake Tinglev, however, there 
are some groups of tumuli, mostly undated, but a small number which 
have been dated prove to have belonged mainly to the Bronze Age. This 
would seem to indicate a Bronze Age settlement in the vicinity, and per­
haps this is what is reflected in the aforesaid increase of weed pollen 
towards t he close of Zone VIII. 

The boundary between Zones VIII and IX has been placed where t he 
Fagus curve goes beyond 1 per cent. As already mentioned, t he Norreso 
diagram does not reach so far up in time as would have been desirable , 
and t herefore it must be extended by means of a small diagram from 
Sonderso (Plate XVIII). In fitting t hem together it must be observed that 
whereas the upper deposit in Norreso is fen peat, in Sonderso it is gyttja, 
which means that sedimentation proceeded at a much faster rate in the 
former than in the latter. As a consequence, t he Sub-Atlantic part of the 
Ni:irreso diagram must actually correspond only to the lower 15- 20 cm. of 
Zone IX in Si:inderso. If this is borne in mind the two diagrams fit very 
well together . The most noteworthy difference is the Fraxinus curve, 
which is very low in the Ni:irresi:i diagram but relatively high at the begin­
ning of Zone I X in t he diagram from Sonderso . Local factors would 
doubtless account for this. 

In addition to t he rise of the beech curve, the outstanding features of 
Zone IX are a slight advance for Pinus , an increase by Betula , a 
decrease by Alnus, and a regression by hazel and Oak Mixed Forest which 
are gradually displaced by beech. As regards culture, it is now evident 
that a settlement has been formed in the neighbourhood, as the curves 
for weed pollen rise more or less abruptly. This is clear especially in the 
Ni:irresi:i diagram and it is observable t hat t here was a strong cultural 
influence as from 120 cm. and upwards . This may perhaps be due to t he 
Tinglev settlement itself, as names ending in -lev are considered to be 
typical of the period of t he great migrations, i. e. 4th- 6th century 
A. D. (HALD 194 7). It will also be not iced that the curves for Pteridium 
and especially Calluna on t he whole keep pace with the weed plants. 

D. G. U. II. rk. , no. 80. 13 
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The explanation of this must be that these two plants had good 
chances of finding favourable conditions of growth in the meagre, 
sandy fields which were very liable to run wild with heather if left to 
themselves for a few years . Only very few cereal pollen grains were found, 
from which it is assumed that rye-growing in the area did not begin until 
later, because the cultivation of this anemophilous cereal would otherwise 
have left traces in the form of larger quantities of pollen. 

In this connection there are grounds for examining the curve for grasses 
(Gramineae) , for the reason that it might also be thought likely to register 
culture phenomena such as common pastures, etc. In the Norreso diagram 
at the bottom t?ere is a maximum, presumably due to a Phragmites 
vegetation which formed the peat deposit underlying the gyttja. From 
t here upwards the Gramineae curve records low percentages and marked 
regularity until the lake began to be overgrown shortly prior to Zone IX. 
Then comes a vigorous increase and from now on through the remainder 
of the diagram the curve is high. We must assume that the Sub-Atlantic 
culture maximum also contributed towards raising the Gramineae per­
centage, but if so the fact is quite concealed, as it was relatively unimpor­
tant compared with the enormous increase caused by local succession. 
The same thing is observable in the Sonderso diagram, though the rise of 
the Gramineae curve seems to occur somewhat later there. 

In addition to the grasses, the overgrowing of the lake was registered by 
other plants, first and foremost the Oyperaceae (presumably Scirpus lacu­
stris) , whose curve on the whole follows that of the Gramineae. Typha 
latifolia occurs together with the Oyperaceae, a little later Sparganium and 
some Umbelliferae, then Galium palustre and M enyanthes and finally 
Ranunculaceae. This succession applies to Norresi:i. During Zone IX Son­
derso had some overgrowth along the banks, as is proved by the Gramineae 
and Oyperaceae curves, but out in the lake there was open water, though 
shallow. It is observed that in the upper strata here we find pollen of 
Niiphar and Nymphaea as well as the characteristic hairs of Oeratophyllum. 

Bundso .. 

About 4 kilometres SSE of Nordborg, on the island of Als , the lake 
Bundso lies in the centre of a fertile tract of moraine land. It is the 
innermost part of a former sea-arm which in Litorina time forced its way 
into a small tunnel valley. The connecting waterway to the sea was very 
slender and in historic time the entrance was closed off by the building of 
two dams at the narrow points at Mjelsgard and Broballe. On MEYER's 
map dated 1649 (MEYER &; DANCKWERT 1652), Bundsi:i is accordingly 
shown as a lake, and again on the 1783 map of the Royal Academy of 
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Science. P. SCHJVIIDT ( 1949) states that the lake was artificially drained 
in 1846- 47 and turned into a meadow. 

In 1888 a settlement from the late Passage-Grave Period was discovered 
at the east end of Bundso and several archaeological excavations have 
been made there, most recently in 1933 and 1935 by N ationalmuseet 
(see MATHIASSEN, TH. , JESSEN, K. & DEGERBOL, M. , 1939). In con­
junction with these excavations the geological features were examined 
by Danmarks Geologiske Unders0gelse (see JESSEN 1939). 

In the summer of 1948 Dr. JoHS. IVERSEN and the writer made a 
boring in the middle of the basin just N of the boundary between the 
parishes of Oksbol and Hagenbjerg. We bored down to 910 cm. and 
recorded t he following strata: 

0-ca. 20 cm. mould 
ea. 20- 75.s cm. 

75. s-190 cm. 

190- 814 cm. 

814- 855 cm. 

855- 892 cm. 

892- (910 cm.) 

greyish-green, fine-sandy freshwater gyttja 
marine, greyish-green sandy gyttja with molluscs, 
especially M ytilus and Cardi um 
marine clayey and sandy gyttja with molluscs (espe­
cially Mytilus and Cardium) , the sand content de­
creasing downwards and the mollusc content in­
creasing 
light greyish-brown clayey and sandy freshwater 
gyttja 
do , with small stones and increasing sand content 
downwards 
boulder clay 

The diagram Plate XIX shows that sedimentation began late, i. e .a good 
way into Zone VII (Atlantic Period). No doubt this is connected with the 
rise of the sea level in the Litorina Period, which in turn caused a rise in 
the ground water level as a whole. At the 814 cm. level the salt water 
broke in, and this was followed by the long sea-water period which con­
tinued into historic time until the embankments mentioned were built. 
The transgression which was thus involved will presumably correspond 
to IvERSEN's third salt-water phase in Lake Soborg, Soborg III (IVERSEN 
1937) just prior to the Ulmus fall. 

In the Atlantic section of the diagram (Zone VII) it is observable that 
most of the curves pursue a rather smooth course. Pinus and Betula 
have low and fairly equal values, the Alnus curve falls towards the close 
of the period and at t he same time the Mixed Oak Forest rises steadily. 
Ulmus has relatively high values while the Fraxinus curve, which below 
is quite insignificant, rises a good deal towards the end of Zone VII. 
Small quantities of Viscum and Hedera pollen occur here and there. 
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The border between the Atlantic and Sub-Boreal Periods (Zones VII 
and VIII) is placed as usual at the steep fall in the Ulmiis curve ; shortly 
afterwards, considerable changes begin to appear in the picture of the 
forest. \Ve get a very well marked and typical "land occupation phase" , 
of which the features are a recession by the Mixed Oak Forest and a 
temporary advance, first of birch and a little later of hazel. Simultane­
ously, Plantago lanceolata appears in relatively large numbers, together 
with Plantago major, Cerealia , Rumex Acetosella , and Artemisia. The two 
latter plants are also present earlier, but with quite insignificant values. 

This first culture period is brief; the weeds soon decrease and the 
Mixed Oak Forest advances again. This is best seen from the " curve" for 
the sum of the agricultural indicators, shown as a hatched area together 
with the Gramineae curve. The forest is given but a short time in which 
to regenerate, however, for a new clearance follows soon, describing a 
course similar to the former one. Nevertheless it is worth noting that this 
time the clearance seems to have been more effective than during the 
first land occupation, as witness e. g. the higher values of Plantago lanceo­
lata and Gramineae and the fact that the temporary advance of birch is 
almost absent this time, perhaps because of greater numbers of livestock 
(cf. TROELS-SMITH 1942 p. 175). By the way, as the diagram shows, this 
culture phase is divided into two, there being a slight advance of the 
Mixed Oak Forest in the middle and a corresponding temporary decrease 
of the plants conditioned by culture. 

The actual conclusion of clearance phase 2 does not arrive until the 
548 cm. level, where the Mixed Oak Forest for the last time reaches full 
but very brief regeneration and where weed pollen is extremely scarce. 
At this point there is a very marked peak on the Ulmiis curve, a some­
what surprising occurrence as otherwise the elm, after the fall at the 
first land occupation , usually remains at very low values. The question 
of contamination while boring, however, may be ruled out, since the 
peat drill on the way down passed only through deposits with low Ulmus 
percentages. 

The diagram then makes it evident that after the last-mentioned culture 
minimum there was a new advance for agriculture and the Mixed Oak 
Forest was again displaced. A long period follows in which the influence 
of culture fluctuates somewhat but is never entirely absent. Immediately 
above the border between Zones VIII and IX, where the beech begins to 
assert itself, there is a considerable advance for the agricultural indicators 
and a decline for the Mixed Oak Forest. The end of this phase does not 
occur until well into Zone IX ; there the weeds gradually recede 
until they almost disappear at about 133 cm. In conformity with this 
culture minimum the beech multiplies strongly and from then on con­
tinues to be the dominant forest tree. 
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After maintaining high values for some time the beech is compelled to 
retire again , on account of a new and vigorous culture advance which now 
begins. It will be noted that the silhouette for Cerealia now reaches a 
significant maximum, the explanation of which must be that rye , which 
in contrast to the other cereals is wind-pollinated, had been introduced 
into the area . In Denmark no rye has been found until just after the birth 
of Christ, and it only acquires importance a few centuries later (JESSEN 
1945) . The probable reason why it seems to arrive at Bundsi:i at a still 
later date is that S ecale is cultivated especially on poorer soil and the 
fertile soil of Als was less suitable for rye-growing . . 

Another interesting plant whose pollen occurs in the upper culture 
maximum is the cornflower, Centaurea Cyanus. Pollen of this plant has 
been found in the late-glacial period (IVERSEN 1947), but after that it 
seems to have disappeared throughout the postglacial Period until the 
late Sub-Atlantic. At any rate, it does not become common until the 
Middle Ages , according to Mikkelsen (1952) after about 1300. It is 
associated with cornfields, especially winter-sown fields , so it is natural 
that in Bundsi:i it appears together with a maximum for pollen of 
cereals, which means rye. 

The Gramineae curve will be seen together with the aforesaid hatched 
area, giving the sum of the agricultural indicators . In th e present case this 
includes Cerealia , Plantago lanceolata and major, Rumex A cetosella , Cen­
taur-ea Cyanus , Polygonum aviculare and Artemisia, as well as a few rare 
weed pollen types not shown in the diagram but appearing in Table III. 
The grasses are not included, but the two curves are combined in order 
to show how closely- one might almost say to the smallest detail- they 
conform. This is connected with the facts that as a whole the Gramineae 
curve registers pastures and that the most significant of the species men -
tioned, Plantago lanceolata, also grows chiefly on pastures. 

On the right of the Gramineae curve is a series of silhouettes which 
more or less adhere to the same rhythm as the culture indicators proper. 
These are Humulus /Cannabis, Urtica, Liguliflorae and Tubuliflorae as well 
as Pteridium. Humulus/Cannabis is particularly interesting. The pollen of 
the two plants is put together, because so far it has been impossible to 
distinguish them morphologically. It will be seen that this pollen type is 
very sporadic and numerically low through the early periods, and that it 
is only with the last culture maximum that the Humulus/Cannabis sil­
houette also ascends sharply. Presumably this can only mean that one 
of the two plants was grown ; but which? 

Through the medium of extensive studies, especially philological, it 
seems to have been established that Cannabis , originally a wild plant on 
the steppes of Central sia, was late in reaching Northern Europe 
(Hoors 1905). There are signs, however, that the Anglo-Saxons knew it 
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prior to their emigration to England (about 450 A. D.). In this con­
nection it should be mentioned that to my knowledge no pre-Sub-Atlantic 
hemp has been found in Central or Northern Europe. In Denmark, how­
ever, some hemp seeds were found in a bog at Brorup, in South Jutland, 
presumably dating from early Sub-Atlantic time (JESSEN 1948). Cannabis 
fruits were also found at Trelleborg, in Zealand ; they may perhaps date 
from the Viking Age but may also be later (ibid.). Viking Age finds were 
also made in Sweden (Birka, according to HALD 1950) and Norway 
(Oseberg ship, HoLMBOE 1921). Hemp is also known to have been grown 
in Norway in the 13th century and in fact as late as in the 18th century. 

We may thus take it for granted that the pollen of this type from 
earlier periods must be of the hop. This plant originally was wild in 
Denmark. Humulus seeds, dated to the close of the Ancylus Period 
(Zone VI) , were found by K. JESSEN (1920) , while its pollen occurs as 
early as in Zone IV, i. e. the beginning of the forest period (ANDERSEN 
and M0LLER 1946). We know nothing of when the cultivation of the hop 
began in Denmark, but there is written evidence of it in Germany in 
the 9th century (LIND 1918) , in Sweden 1291 (SCHUBELER 1886) and in 
Norway 1341 (ibid.). In Denmark, hops are mentioned by HENRIK 
HARPESTRENG in the 13th century (Edition 1908, p. 90) , but this source 
does not say whether or not it was cultivated in Denmark then. The 
probability is , however, that the plant began to be grown at any rate 
just as early in Denmark as in her northern neighbouring countries. 
Accordingly, judging by all the evidence both plants were grown in 
Denmark in the Middle Ages and later. 

In order to clarify the question of whether the maximum in the Bundso 
diagram may be assigned to Cannabis or Humulus , one might take mea­
surements of the critical pollen type and of recent pollen of the two 
plants and compare the values arrived at. This method was employed by 
FROMAN (1939) with good results , for he found that Cannabis pollen was 
distinctly larger than H umulus pollen. Similiar studies were also attempted 
in this case, but since the fossil grains of the type mentioned were all 
more or less folded, it proved to be impossible to get a completely reliable 
measurement. MAxWELTEN (1952) suggest there is a difference in the size 
of the pores of the two species, but I have been unable to verify any such 
difference. In order to solve the problem we must therefore proceed 
along entirely different lines. 

Hops are generally grown for the purpose of providing the flavour for 
beer. Only the female plants are required, for they alone bear the cones 
used in brewing. Hemp, on the other hand, is grown for its fibres , which 
are obtained from both male and female plants. Hops (both sexes) are 
supposed to have been put to similar use in earlier times (i. a. in Sweden, 
according to FROMAN 1939, p. 96) but it is doubtful if this was ever a 
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common custom, and to my knowledge there is nothing to show that the 
hop has ever been used for spinning in Denmark. 

Another thing which may possibly give a hint is an observation from 
the late 1600's. This is from a manuscript written by CLEMENS PEDERSEN, 
resident curate in Hagenbjerg , NE of Bundso (1658- 1685) , which con­
tains , i. a. , recipes for some household remedies. One of these men­
tions, among other ingredients which should be used, " item det , som 
affaldes af Hampen, nar den toorskes" ("in addition, that which left 
over from hemp, when it is threshed", RABEN 1926, p. 44). This can perhaps 
be taken to mean that the cultivation of hemp was not unknown in the 
region at the close of the seventeenth century. As will later be shown, the 
Humulus /Cannabis maximum seems to correspond to just this period. 

Moreover, closer study shows that the male plants (the pollen produ­
cers) of the hop are actually rare. WINGE (1937) found that the male 
percentage in Humulus Lupulus, though fluctuating, had a very low 
average on the whole (about 10 % males), whereas for Cannabis it was 
much higher (about 42 % male plants). Thus there is every probability 
that the last big advance of the pollen type in question actually records 
the cultivation of hemp (cf. also WELTEN 1952, p. 107-108). 

As already stated, Bundso began as a freshwater lake but soon became 
salt (brackish!) , a state which persisted until communication with the sea 
was interrupted in the Sub-Atlantic Period. It would be interesting to 
ascertain exactly when this interruption took place. According to P. 
SCHMIDT (1949) , the records of Nordborg church contain a note that an 
embankment was built at Mjelsgard in 1590, and the local historian 
CHRISTIAN K NUDSEN concurs (also according to P. SCHMIDT) by stating 
that Duke HANS THE Y ouNo'ER built dams at Mjelsgard and Broballe in 
the close of the 16th century. In ScHMIDT's opinion, however , there was 
a bridge or embankment earlier at Broballe, on the assumption that there 
must have been some traffic between the two halves of Oksbol parish , 
that south of the firth with the towns of Mjels and Broballe, and that on 
the north with the parish town of Oksbol. However, there is apparently 
no evidence of an actual embankment earlier than the Duke's. Com­
munication across the firth no doubt proceeded via a bridge, as indeed the 
name Broballe seems to suggest (Bro = bridge). 

Thus there is great probability that the change from salt- to fresh-water, 
recorded so distinctly in the diagram, took place sometime about the year 
1600. Next, it will seem reasonable to assume that the culture minimum 
a little lower down corresponds to the depression years of the 14th 
century, when the plague, the Black Death, devastated the country. It is 
furthermore to be seen that the last great culture advance, with the growing 
of rye, hemp, etc., took place presumably in the years shortly after 1600. 

Now to examine what changes occurred in the vegetation in conjunction 
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with the transformation of Bundso from a lake to a sea-arm and back 
again. The characteristic feature of the first freshwater period is the 
Nuphar hairs , the curious hairs on water-lily leaves which are found much 
more frequently than the pollen of these plants. They disappear abruptly 
when the salt-water breaks in. Exactly t he same happens with t he fresh 
water alga Botryococcus. Another plant that was present at t he beginning 
is Potamogeton1 ) , though it is not so specific to freshwater as Nuphar and 
Botryococcus. Some species of Potamogeton can live in both fresh and 
brackish water, so there is nothing remarkable in pollen of these plants 
being encountered now and then all through the long brackish-water 
period. On the other hand, the diagram reveals that Ohenopodiaceae, 
Ruppia and "Hystrix" only begin together with the coming of the salt 
water. The last-mentioned seems to form a fairly heterogeneous group of salt 
water organisms whose taxonomic position has not yet been fully clarified. 
Ohenopodiaceae may occur as shore plants and as weeds inland, where 
e. g. in the Atlantic Period they are often associated with the Mesolithic 
settlements. However, it would seem that there were no such settlements 
at Bundso in the freshwater period, for which reason the goosefoot pollen 
there appears for the first time at the beginning of t he salt-water phase. 

The lake having been cut off from the sea in the Sub-Atlantic Period, 
the aquatic vegetation changes again . Botryococcus reappears in great 
frequency . Myriophyllum spicatum, which was not found in the first lake 
period, now is common and a maximum of Potamogeton shows that these 
plants thrive better now than in the brackish-water period. Ruppia and 
Hystrix continue with small values for a short time, which seems to sug­
gest that the enclosing was not wholly effective; the inference is that salt­
water still made its way into the basin now and then in times of storm or 
flood-tide. That something of the kind did in fact occur in more recent 
time is evidenced by t he inundation in 1872, when salt-water made its 
way right into the then dried-up basin of Bundso. This may be the reason 
why Nuphar made no reappearance, as according to OsTENFELD (1918 , 
p. 233), this plant cannot tolerate a salinity of over 1 °loo - Botryococcus, 
on the other hand, is less sensitive- again according to what OsTENFELD 
(1918) found in Randers Fjord. The Ohenopodiaceae also persist through 
t his latter period, presumably due to their presence in t he form of weeds. 
Nevertheless, it is rather strange to observe the marked increase at the 
end when the agricultural indicators proper recede. 

As already stated, K. JESSEN (1939) published a diagram from the east 
end of t he lake adjacent to the settlement. On important points that 
diagram differs from t he one now presented. The assumption is that this 
is due to t he fact that the salt-water, when it made its way into the east 

1) Thi s r efers solely to the sec tion Eu-Polamogelon , but not to Coleogelon, which com­
prises Polamogelon peclinalus and filiformis. 
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end of the lake , eroded and redeposited some earlier local peat deposits. 
This is suggested i. a. by the high Pinus and Salix percentages in t he 
lowest part of Zone VII and by the surprisingly high T ilia curve. This 
also explains t he strange fact t hat the transgression here, apparently , 
began at a very early juncture (in the beginning of Zone VII). It can be 
seen from the new diagram t hat the transgression in fact did not occur 
until the close of VII at a time which corresponds better to what would 
be expected according to other investigations in the region. 

Comparison of the Tinglev and Bundso Diagrams. 

The earliest zones in the Tinglev diagram have no parallel in t he dia­
gram from Bundso, which does not begin until the latter half of Zone VII. 
In this section, up to t he border to VIII the diagrams lend themselves to 
considerable correlation. For example, there is close similarity with 
regard to t he curves for Pinils, B etula, Ulmus, Quercus, T ilia and Fraxi ­
nus. The fact that the curves for B etula and Pinus are on t he whole 
higher in the Tinglev t han in the Bundso diagram, whereas the reverse 
is observable with Ulmus , for example, may presumably be explained by 
the difference between the poor, sandy soil at Tinglev and the fertile, 
more clayey soil in Als. The border between Zones VII and VIII forms 
t he demarcation in t he two diagrams above which t he important dif­
ference begins. As stated, the border itself is placed at the decline of the 
Ulm us curve. Hedera, which in these diagrams is very sparsely represented 
on the whole, displays no clear reaction at the zone border, whereas in 
diagrams from other parts of t he country it is possible to observe a fall of 
the H edera curve simultaneously with that of Ulmus. This indicates a 
drop in the winter temperature, which IVERSEN (1941) suggests may also 
have been the cause of t he decline of the elm. Another t heory was 
advanced by J. TROELS-SMITH (1953) to the effect that t he farmer culture 
proper, supposedly introduced by a freshly immigrated people, was prece­
ded by a semi-agricultural phase. According to TROELS-SMITH it represen­
ted a population , which together with hunting and fishing was engaged in a 
little tilling and animal husbandry, where elm leaves and twigs formed a 
large part of t he fodder. This was supposed to be the explanation for t he 
recession of t he elm. This theory is supported i.a. by the fact t hat very 
small quantities of pollen of Plantago lanceolata and major were found at t he 
time when t he first Ulm us fall is registered but before t he actual land occupa­
t ion. It is impossible to say if there was a semi-agricultural phase at 
Tinglev or Bundso. The diagrams reveal no traces of any, but the question 
can only be settled by more complete investigations than the present. 

Whereas the land occupation phases proper were reflected very clearly 
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and distinctly in Bundso, this is nothing like the case in Lake Tinglev 
where the reactions are very faint among both weeds and forest trees. It 
would thus seem evident that what can be seen is nothing but vague re­
percussions of forest clearances far from the locality. One thing that 
has the same implication is that in the entire Norreso diagram only a 
single pollen grain of Plantago major (at 235 cm.) is recorded-a plant 
closely connected with Neolithic settlements. 

Accordingly, in the Tinglev diagram (apart from Zone IX) we are 
afforded a picture of how the forest develops when there is very little 
interference by man. For example, we observe how smoothly and regularly 
the Tilia curve runs , how from the first vague traces in Zone VI it in­
creases quite gradually in the beginning of VII, whereafter for a long time 
it maintains an almost constant but not especially high value. Towards 
the end of the Sub-Boreal Period (Zone VIII) it descends again quite 
smoothly until it almost disappears at the transition to the Sub-Atlantic 
Period (Zone IX) when culture begins. The ash curve has a very 
similar though less steady course, whereas the oak's curve shows 
small irregularities. 

In Bundso the situation is that all the species of the Mixed Oak Forest 
decrease sharply at the first land occupation. But whereas oak and ash 
regenerate subsequently as soon as the opportunity appears , the linden 
has received a blow from which it never recovers. Almost the same may 
be said about the elm except for one case already referred to (at 548 cm.), 
when it has a quite temporary increase. 

Shortly before Zone IX the Tinglev diagram also marks its first con­
siderable culture advance, and thereafter the development, thus started, 
continues, to culminate a little way into the Sub-Atlantic Period. 

The low values recorded by the beech curve just above the border 
between Zones VIII and IX in Bundso must presumably have been due 
to the very intensive culture which also seems to have affected the Mixed 
Oak Forest. Something of the same kind is also to be seen in Tinglev 
Norreso. In the Sonderso diagram for the sake of comparison one might 
look at the small section (15- 20 cm.) above the zone border, in time no 
doubt corresponding to the part of Zone IX appearing in the diagram 
from Norreso. Here the Fagus percentages are rather higher , which may 
mean that the cultural influence is less than in Ni:irreso, as also indicated 
by the lower percentages for weed pollen. 

Also of interest is the contrast between Plantago lanceolata and Rumex 
Acetosella in the Bundso and Tinglev diagrams . Rumex Acetosella is chiefly 
associated with sandy and often more or less lime-poor soil, which does 
not apply to Plantago. In Zone IX of the diagrams , where there are strong 
cultural influences at both places, we see in fact how Rumex reaches 
much higher values at Tinglev than at Bundso, whereas with Plantago 
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Table I. Tinglev Ni:irresi:i . 

Pollen and spores not included in the diagram. 
(The figures give p ercentages). 
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245 0,1 
255 0,1 0,1 
265 0,1 0,1 0,1 0,1 0,2 0,1 
275 0,2 0,1 0,1 0,3 
285 0,1 0,1 0,1 0,1 0,1 
29.5 0,1 0,1 0,1 0,1 0,, 
305 0,1 0,1 0,1. 0,3 0,2 0,1 0,1 
315 0,1 0,1 
325 0,1 0,1 0,1 0,2 0,1 0,1. 0,2 0 ,1. 
335 0,1 0,1 
345 0,1 0,1 0,1 0,1 0,1 
355 0,2 0,1 0,2 
365 0,1 0,1 
375 0,1 0,1 0,1 
395 0,1 0,1 
410 0,1 . . ·. 0,1 ... 10, 
430 0,1 
445 I •. 0,1 0,1 0,1 
465 0,2 
485 0,1 
500 0,1 0,1 
520 
540 0,1 0,1 0,2 
560 0,1 
580 0,1 0,1 0,1 
600 0,1 
620 
640 0,1 0,1 0,1 
660 0,1 
680 0,2 0,3 0,1 0,1 
700 0,1 
720 0,3 
740 
760 0,1 0,1 0,1 
770 
785 0,2 0,2 
795 0,2 
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Table II. Tinglev Sonderso. 

Pollen and spores not in clud ed in t h e diagram. 
(The fi gures give p ercentages) . 
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15 " :§ i " " " 1il ~ " ~ 
;, -~ .;; § .,:- ~ 8 .; l "' " " i t; ... 8 ~ " ~ ~ " :;,_;. <:..:, "' <:..:, "' I::: sq "" "' k:i 

35 0,3 0,9 0,2 1 0,7 0,2 0,5 0,2 0,2 
45 0,2 0,2 0,2 0,2 0,2 0,4 

55 0,2 0,2 0,2 1,5 0,2 0,2 0 ,4 0,4 

65 0,2 0,2 0,2 0,2 0,5 0,2 0,2 

75 0,2 0 ,6 o,. 0,2 0,2 

85 0,2 0,2 0,2 0,5 O,a o,. 0,2 0,2 
95 0,3 0,7 0,5 0,2 0,2 

105 0,2 0,2 0 ,2 0,2 0,3 0,2 

115 0,3 0,5 0,2 0,2 0,5 0,2 
120 0,4 1 0,2 0,1 0,9 0,4 0,2 0,2 

125 0,3 

135 0,3 
145 

160 0,3 0 ,7 

180 0,2 
195 0,2 0 ,3 0,2 

t he opposite is the case. This is an expression of the difference between 
the meagre, sandy fields at Tinglev and the more fertile soil in Als. 

Another plant which also registers the difference in the nature of the 
soil at the two places is Calluna , which naturally prefers the outwash 
plains of the Tinglev area. By the way, the Tinglev diagrams agree with 
JONASSEN (1950) in showing that heather only acquires real importance 
in the Sub-Atlantic Period. 

In the Bundso diagram it will be observed t hat there is a silhouette for 
Populus , but none in t he diagram from Lake Tinglev. This does not mean 
that the aspen did not grow in the latter locality, but merely that the 
greater part of the samples from Tinglev were analyzed some years back 
before I was familiar with Populus pollen. 

It is a defect in these diagrams, of course, that they do not span the whole 
of the late-glacial and postglacial periods, lacking as they do the lowest 
zones. However, for the periods which these diagrams cover they provide 
a readable picture of the development of the vegetation in South Jutland, 
where the forest stood most of the time untouched and also where man 
early and severely influenced t he vegetation . 
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Table III. Bundso. 

Pollen an d spo res not inclu clecl in the d iagram. 
(Th e f igures give percentages). 

-~ g " -~ " ~ 
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20 0,2 1 0,2 0,s 0,6 U,2 0,2 

35 0,6 0,2 0,6 0,2 2 0,2 0,2 0,s 0,2 0,2 

55 0,4 0,2 0,2 0,2 0,4 0,4 0,4 0,2 0,2 0,7 0,2 
73 0,2 0,2 0,3 0,2 0,2 0,5 

83 0, :i 0,2 0,2 0,2 .. I 0,3 0,2 

93 0,1 0,1 0,1 0,1 0,3 0,1 0,:1 
113 0,2 0,2 
133 0,4 0,4 0,2 0,2 0,4 0,4 0,2 
153 0,2 
168 0,2 0,3 0,3 0,2 0,5 0,5 0,2 
188 0,3 0,4 0,1 0,4 0,3 0,1 0,6 0,1 0,3 
208 0,4 0,2 o,. 0,4 0,,1 0,2 0,s 0,2 
228 1,5 0,5 0,7 0,3 0,7 0,3 0,2 1 0,2 

248 0,2 0,s 0,2 0,2 0 ,2 0,6 0,s 0,2 0,6 
273 1,5 0,4 0,4 0,2 0,9 0,4 0,4 0,4 0,9 0,2 
288 0,6 0,6 0,3 0,2 0,2 0,5 0,2 0,2 0,2 
308 0,2 0,2 0,2 0,2 0,4 0 ,2 0,6 0,4 0,4 0,2 1,5 0,2 
328 0,2 0,2 0,3 0,2 0,5 0,5 0,2 0,2 0,3 0,2 

348 0,2 0,5 0,2 0,5 0,2 0,3 0,3 0,2 O,s 
368 0,2 0 ,2 0,2 O,i 0,2 0,2 0,2 o,, 0 ,2 

383 0,2 0,5 0,2 0,2 0,3 
398 0,2 0,2 0,2 0,2 0,2 0,2 
413 0,2 0,3 0,6 0,2 0 ,2 O,s 
428 0,2 0,2 0,2 0,2 0,2 
443 0,1 0,1 o,. 0,3 0,1 0 ,1 0 ,1 0,1 0,3 0,:i 
463 0,2 0,2 
478 0,2 
498 0,2 0,:i 0,3 O,s 0,:1 0,2 
518 0,2 

528 0,1 0,3 0,3 0,1 0,1 
533 + + 0,1 

543 0,3 0,1 0,6 
548 0,3 
553 0,1 0,1 
563 0,4 0,2 0,2 0,4 0,2 0,6 
573 0,6 0,3 0,3 0,1 
578 0,2 0,2 0,2 0,2 0,3 
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Table III. Bundso. (cont.). 

-~ ~ 
., 

I f " " ""' ~ ·! ~ " 
,; 

1 " E; 

" -~ ~ I " 1 " .§" .§ :~ -S> 

"" " 
A " A 

~ " ·i .. " " ~ t> ~ "- ~ ~ ~ $ ;., 
~ "- 0.. '"i:l '" " ;:; " .. E;> I, " ~ 1 " ] " A 

., 
i " " " ;l I " " ~ ;: ! '" ~ l "" ~ ~s " " ~ " ""' j ~ ;: 

I 

@ " I 
.E;> ;,:: 

"' C -~ i ·-

i "' " " .) ""' § " ~'t "' 1 ~ 

1 "- lo ~ t ] " ~ "" C 

~- ·I "' 
._, 

"" "'"' '" :;:; 1 "' 
C 

t s £ l "" " 
~ C R. 

fr 
... 

~~ ~ " :5 ;,;: " R. ~~ " l ~ ~ ~ .... !-- ""' G " ;;, <5 ;;:; " " =s "" -"' " "' .;; 
Q "' o..~ "' "' 

..., t.:, ~ t.:, "' "' 0.. ~ <;: "' "' ,:: "' "- '-" 0.. 0.. 

588 . . ·\· . . 0,1 0,1 0,3 
593 0,2 ...... 0,2 0,2 0,2 
603 0,1 0,1 0,4 0,1 0,1 
613 0,1 0,1 0,3 0,1 0,1 0,4 
623 0,3 0,1 0,1 0,1 0,1 0,1 0,1 
633 0,1 0,1 0,2 0,5 
638 0,1 0,1 0,2 
643 0,1 0,3 
653 0,1 0,1 
668 0,1 1,5 

678 0,1 0,7 
683 0,1 0,5 

688 0,1 0,1 0,o 
693 0,1 0,5 0,1 
698 0,1 0,3 
703 1,5 0,1 0 ,G 
713 0,1 0,1 0,1 1,5 

718 + + 0,6 0,1 
728 0,1 0,6 
738 0,1 0,1 0,7 
753 0,1 0,6 0,1 
768 0,1 2 
778 0,2 0,7 
788 0,1 0,1 1,5 

798 0,1 0,1 0,1 0,4 0,1 
808 0,2 0,2 0,4 
8 14 0,1 0,4 0,1 0,1 
823 0,s 
833 0,1 0,2 0,1 0,1 
843 
853 0,1 0,3 
863 0,1 0,2 0,2 
873 0,3 0,1 
883 0,1 0,1 0,1 
888 0,1 0,2 
892 0,1 0,1 0,1 0,5 
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I must t hank Dr. SIGURD H ANSEN and Dr. JoHs. IVERSEN for permis­
sion to make use of the material from Lake Tinglev. I am also grateful to 
t he latter for his advice and assistance in the analytical work. 
Miss INGEBORG FREDERIKSEN, drew the diagrams and the translation 
into English was made by Mr. W. E . CALVERT . 

Dansk resume. 

Der er fremstillet normaldiagrammer 1) fra Tinglev s0 i den centrale del 
af S0nderj y ll and og 2) fr a Bundso pa Als. Den forste, som naturli g t falder i en 
nordlig og en sydli g del, ligger i en ufrugtbar egn omgivet af h edesletter. Der 
er udarbejdet et hoveddiagram (fra Norreso) samt et lille supplerende diagram 
(fra Sonderso). Norreso-diagrammet udm:::erker sig is:::er vecl, at clet, bortset fr a 
zone IX, er n :::es ten uden kulturpavirkning. At sedimentationen forst b egynder 
i boreal tid (zone V) forklares ved antagelse af en isblok efterlaclt lndl ejret i 
mor:::enen, da isen trak sig tilba ge ved slutningen af sidste istid. Efterhanclen 
som temperaturen steg, smeltede den indlejrede isk:::erne, hvorved de d :::ekkencle 
jordlag sank ned, og seen dannedes (jf. HARTZ 1912). Smeltningsprocessen 
afslutt edes tidli gst i begy nclelsen af b oreal tid. Ved denne antagelse forklares 
det lill e tervelag under gytjen (780- 800 cm), hvori der fandtes ved af fyr , 
som tyder p a, at fyrreskoven, fer isklumpen smeltede, har vokset h en over 
denne. I b egyndelsen af subboreal tid (zone VIII) ses gansk e svage spar af 
•>landnam<< (jf. IVERSEN 1941) . Del clrejer sig h er ojensynlig om fjerne skov­
rydninger og forst umiddelbart for zonegnensen VIII- IX er der t egn pa 
kultur p a selve egnen (se navnli g silhouetten for Lancetbladet-Vejbred, Plan/ago 
lanceo lala , og R0dkrnc, Rumex A ce losella ). Den saledes pabegyndte udyikling 
forts::cttes i subatlantisk tid (zone IX), hvor kulturen gar yderli gere st:::erkt 
J'rern. Ly ng (Calluna) kommer forst til at spille en rolle i subatlantisk tid (jf. 
JONASSEN 1950) . 

L re ngst til h ejre i diagrammet ses en rrekke silhouetter, sorn registrerer den 
e[terh anden fremadskridende tilgroning. Medens v::cksten af den h erunder 
da nnede sumpterv a benbart er foregaet ret hurtigt, er den tilsvarende sedimen­
tation i Tin glev Sonderso sket b et y delig langsommere, icl et cler h er er tale orn 
en gytj ea fl ejring. D erfor svarer formentlig h ele den subatlantiske del af Norreso­
diagramrnet kun til den allernederste del af zone IX i Sonderso, et forhold, som 
m a tages i betragtning ved sarnmenstillingen af de to d iagrammer. 

Bu ndso li gger i en lill e tunneldal og er omgivet af et frugtbart rnorrenclancl skab. 
Ogsa h er begyncler sedimentation en sent (i atlantisk tid). Den stigning a[ gruncl­
vandet, som da foregar, skyldes formentlig en tilsvarencle stigning af h avet. I 
sl utninge n af atlantisk tid tnenger det salte vand ind i Bundso. D erpa fol ger 
den lange fjorclp eri ode, som afsluttes o. ar 1600, cla der bygges d:::ernninger, som 
afsprerrer seen fra havet. Omkring 1847 sk er en kunstig udterring af Bunclso. 

Kort eft er zonegr:::ensen VII- VIII b egynder kulturen at g0re sig greldencle, 
idet det fe rste landnam sretter ind m ecl de dertil h erende karakteristiske kurve­
forleb i trrepollendiagrammet og rned den ferste optrreclen af Plantago lanceolala, 
P . major samt Cerealia (korn) . I cliagramrn et ses sarnmen m ed kurven for grresser 
( Gramineae) et skraveret areal, som angiver den samlede sum af landbrugs­
indikatorer (Cerealia, Plan/ago lanceolala og major , Rumex Acetosella, Cenlaurea 
Cyanus, Polygonum auiculare og Arlemis ia ). Ved at fol ge denne •>s amlekurve<< 
ser man, hvorledes kulturpavirknin gen forts ::ctter i den folgende tid omend 
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rned vekslende intensitet. Af trxpollendiagrammel ses, hvorledes egeblandings­
skovcn r egenererer m er e ell er mindrc fuldstxndigt i de korte rnellemrum rn ellem 
kulturfremst0dene, der svrekker den. Und er det store kulturminimum i subatlan­
tisk tid far Jrngcn, hvis kurvc indtil da har ligget t emmelig lavt, en chance 
og rykker krafti gt frem. Det er sandsynligt, at disse forandringer foregar under 
nedgangsperiocl en i 1300-a rcne, cla Den sortc D0d hjems0ger lanclet. En st0ttc 
for clenne antagelse er, at den licit l10j ere liggencle overgang fra salt til fersk 
sedimentation som nxvnt synes at forcga o. a r 1600, idet dct vidcs, at 
hertug Hans cl. Yn gr e i 1590 loci bygge to dremninger over fjord en, hvorvccl 
Bundso blev afsprerrct fra havet. 

Forudcn de nrevnte landbrugsindikatorer i snreyreste forstand findes en 
rxkke andre planter, som er mere eller mindre n rer knyttet til kulturen. Dettc 
g::clcler forst og fr ernm est grresser ( Gramineae), hvis kurve, som cl et ses, noj e folger 
den oven for omtalte >>samlekurve<<. Denne prreges navnlig af Planlago lanceo lala, 
sorn er en typisk overdrevsplante, og alt t yder saledes pa, at overdrevskultur 
er blevet drevet i stor stil. Blandt de andre kulturtilknyttede planter, hvis 
silhou etter ses til h 0jre for Gramine-kurven, bem ::crk es is rer Humulus/ Cannabis­
silhouetten, hv is uclprregede maximum overst i cliagramm ct t y cl er pa dyrkning 
af en af disse plantearter. De to pollentyper syncs ikke at kunne k encles fra 
hinanden r ent morfologisk, og b elier ikke ved m alinger har clet vist sig muligt 
m ecl sikkerhed at afg0re, om clet clrejer sig om humle (Humulus) eller hamp 
(Cannabis) . Imicllertid er cl et vecl clyrkning af humle (til 0lbrygning) som 
bckendt kun hunplanterne, dcr lreggcs vregt pa, medens man ved clyrkning 
af hamp (til taver) bruger bade han- og hunplanter. Ydermere er hanlrnns­
proeenten hos Humulus meget lav (ea . 10 %), medens den hos Cannabis er 
betyclelig hoj ere (ea. 42 %). Der er derfor ovcrvejende sandsynlighed for , at det 
nrevnte maximum rcgistrerer en cl y rkning af hamp, som efter beliggenheclen i 
diagrammet ma have funcl et s teel i ticlen kort efter ar 1600. 

Silhouetterne Jren gst til h 0j re i cliagrammet giver ved deres vekslen udtryk 
for soens skiften fra fersk til salt og tilbage igen. 

Til slut er foretaget en sammenstilling af Tinglev- og Bundso-diagrarn ­
merne, hvor der navnlig g0res opmrerksom pa forskellen inden for zone VIII, 
hvor Tinglev-cliagramm et kun viser ganske minimal kulturpavirkning, medens 
diagram met fra Bundso er overordentlig strerkt prreget af m enneskets inclgriben. 
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Studies on the sub-atlantic history of 
Bornholm,s vegetation. 

By 

V ALDEMAR M. MIKKELSEN 

Danmarks Farmaceutiske Hojskole, Copenhagen 

Abstract. 
The paper contains two pollen diagrams from deposits on Bornholm that 

were mainly laid down in sub-atlantic time. It is proved that Fagus has grown 
on the island since the beginning of the sub-atlantic period. While Fagus is 
the dominant forest tree in other parts of Denmark, it is Carpinus that ch arac­
terizes the forests of Bornholm. The varying influence of human agencies on 
the forest of Bornholm during sub-atlantic time is shown. It seems that Car­
pinus is especially likely to suffer badly from the influence of cattle. The 
investigation suggests that the heath-areas on the central part of Bornholm 
(Hojlyngen) owe their expansion in the Middle Ages and the following cen­
turies to cattle husbandry. The investigation tends to show periods of enhan­
ced precipitation corresponding in time to RY I, II, and III. 
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I Introduction. 

The question whether Fagus is or has been indigenous to Bornholm 
has been discussed for rather a long time (e.g. E. HANSEN, 1943 and 
1953). A final solution was, however, impossible, as bogs with sub­
atlan t ic layers were not investigated. The reason for this was that most of 
the bogs on Bornholm have had their upper layers removed by intensive 
peat-cutting. In 1942 I was lucky enough to find a peatbog- Groossoen­
in the forest Almindingen in the central part of Bornholm, where at 
least a part of the bog was undisturbed by peat-cutting. Furthermore I 
have investigated the deposits in a little lake- the Ankermyr- in the 
forest Slotslyngen on North Bornholm, where at least a part of the 
sub-atlantic layers was found. The results prove, among other things, 
that Fagits has grown on Bornholm since the beginning of sub-atlantic 
time. 

Financial aid to these investigations was received from the Carlsberg 
Foundation and I beg to tender my respectful thanks to the governors 
of this institution. It is my very pleasant duty to thank Professor Knud 
Jessen for his valuable help. Some years ago Professor Jessen (un­
published) investigated several bogs on Bornholm, and I was able to 
use his results. Professor Jessen 's results were of particular value to me 
in my search for suitable bogs. May I ask Dr. Johs. Iversen to accept 
my best thanks for his valuable help in determining several pollengrains. 
I am indeed most grateful to Dr. E. Deevey for his good linguistic help. 

II Gnessoen in Almindingen (Central Bornholm). 

Groossoen is a small bog situated about 200 metres southeast of the 
ruins of the medieval castle Lilleborg and about 300 metres northwest 
of the Gamleborg, a somewhat older fortification. Groossoen, the surface 
of which lies about 100 metres above the level of the sea, is situated in 
a depression in an area of rocky hills , which are elevated 120- 130 metres 
above sea-level. Another depression in the vicinity contains the lake near 
Lilleborg. These two depressions are connected by a narrow valley whose 
floor forms a threshold some few metres above the common levels of 
the bog and the lake. Another narrow valley with a low threshold sepa­
rating it from Groossoen leads from this bog eastwards to a valley which 
is tributary to Ekkodalen. A ditch leads from the lake near Lilleborg 
across Groossoen and through the lower valley toward the east. 

In the southern part of Groosscen no peat has been cut, but the bog 
surface is now covered by forest. In 1943 I made a section across this 
southern part. This section, somewhat simplified, is shown in fig . 3, 
Plate XX. From P 3 in the middle of the section bigger samples for mechan-
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ical analyses were taken. These analyses were carried out in 194 7 at 
Professor Knud Jessen 's laboratory by P. Wolthers , M.sc. The results 
are given in table II, pag. 225. P 3 is the site of the pollen diagram , fig. 1, 
Plate XX, and table III, pag. 226. 

The pollengrains in the boreal layers are poorly preserved and may 
have been partly destroyed, so t he analyses from t hese layers are in­
cluded only to give t he main outline of the development of the bog. 

a. T he developmenl of the bog. 

The bog rests on a layer of sand except in the western part , where there is 
a depression underlain by sandy clay. In late-glacial and early pre-borcal time 
this depression h eld a lake in which Polamogelon nalans, P. praelongus, P. per­
foli alus, and Typha lalifolia grew. In boreal time, a [ter the lak e was fill ed with 
mud, it was covered with a swamp of Car ex riparia , C. roslrala, M enyanlhes, 
and Lycopus, and a Carex-peat was formed. By t h e end of boreal time the 
surface of the bog becam e dry enough to allow A lnus and Sa/ix to grow on it, 
and a wood peat was formed. From analys is 39 in the pollen diagram (i.e. in 
the beginning of atlantic time, cf., h owever, page 21 5) the peat-formation b e­
came rather slow and the peat of t hat time co ntains som e clay wash ed from 
the surrounding area . The wood p eat from t h e first p art of sub-borcal tim e 
is somewhat clayey too, but during the sub-boreal period the content of clay 
diminished and the peat from the close of that period, mainly form ed by A lnus, 
is clayless. From the beginning of the sub-atlantic period the peat again be­
comes clayey, and it contains, in contrast to the p eat from the preceding 
p eriod, fruits of Car ex roslrala (cf. table II , and the pollen diagram, analyses 
28- 30), showing that this plant became common on the bog. Frangu la alnus, 
too, invaded the bog (cf. the poll en diagram , analyses 29- 30). Thi s increased 
wetness of the bog does not las t through out zone IX a . 

The surface of the bog again became dri er and Quer cus became predominant 
on it. Abundant stumps of oak in the p ea t give evidence of this, as does the 
very strong maximum of oak-pollen fr om this period. At the transition t o 
zone IX b the oak-forest on the bog was replaced by alder, and mosses (in ­
cluding Sphagnum cuspidalum) invaded the bog-s urface. In the next ph ase 
(from analysis 20) the bog was transformed to a swamp dominated by Equise­
lum limosum. The swamp was very wet , as both Polamogelon and N ymphaea 
were able to grow in it. Fruits of Polamogelon nalans were found in the p eat 
(cf. table II) a nd the pollen diagram shows a maximum of Polamogelon. Typha 
lalif olia had a maximum at the same time. The swampin g of the bog began 
·with a phase in which alder replaced oak, and then came the great increase 
which made it possible for Potamogelon to grow in t h e swamp. I think that 
the increase of wetness on the bog at that tim e was cau sed by chan ges in the 
climate (cf. page 214), b ecause it seems impossible that this gradu al increase 
was clue to peat-cutting in the preceding part of the Iron Age. 

Eventual ly the Equiselum-swamp was overgrown by Sphagnum. The pollen 
diagram shows the different phases of thi s process. At the same tim e t hat the 
curve for Polamogelon declines, that for Cyperaceae increases greatly. Fruits 
of Carex roslrala arc very abundant in thi s layer, showing that the Equiselum­
swamp was replaced by a Car ex roslrala-Sphagnum community. Th e poll en 
diagram (and fruits as well, cf. table II) shows that Hydrocolyle conlributecl Lo 
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the vegetation. In analysis 15 the rhizopods Amphilrema, Assulina and Arce/la, 
which demand a high humidity in the soil, have a maximum. Menyanlhes, 
too, was a member of this plant community. From analysis 8 and upwards 
(cf. table III) pollentetrads of Drosera were found in the peat. From about 
analysis 6 the peat becomes more humified, undoubtedly an evidence of drier 
condilions on the bog-surface. 

It cannot be said with certainty when the bog stopped growing. Hans 
Romer, forest supervisor of Almindingen between 1800 and 1836 and recreator 
of this big forest, planted spruce in Almindingen in the b eginning of the 19th 
century. The pollen diagram does not reflect these spruce plantations, which 
shows that no peat was formed after that time. At least the western part of 
the ditch from the Lilleborg through Gn:essoen was made by Romer (cf. ZART­

MANN 1935, pag. 247), and as there is no evidence of any late swamping of 
Gnessiien, I think that already at that time the eastern part of the ditch was 
dug, too , leading the water from Gnessoen eastwards. These conditions per­
mitted trees to be planted on t he bog and stopped its growth. 

b. Evidence of changes in precipitation. 

The wood peat from boreal time contained no clay, while the atlantic 
and early sub-boreal wood peat was clayey. The wood peat from the 
later part of the sub -boreal period again is devoid of clay. The peat from 
the first part of sub-atlantic time (until the beginning of t he rye-curve, 
i.e. about the beginning of our era) contains some clay, while the peat­
layers formed after that time are clayless. The reasons for t hese changes 
in mineral deposition will be discussed in the following pages. 

No streams run through the depression in which the bog is situated. 
H ence the clay cannot have been brought to the bog by any watercourses. 
Most likely the clay is due to the erosion of the surrounding area by 
rainwater. The content of clay in late-glacial deposits is at least partly 
due to similar processes (cf. e.g. IVERSEN 1947, page 67) . In postglacial 
time, however, the cover of vegetation is normally too dense to allow 
such erosion by precipitation. Possibly the sparse cover of vegetation 
on Bornholm in the periods with sedimentation of clay could be due 
to human influence, but at least a part of the lowest layer of clayey peat 
is older than the neolithic land occupation, and similar clay-layers are 
only quite exceptionally known form other parts of Denmark. Hence I 
think the cause of the clay deposition is rooted in a special kind of land­
scape which is common on Bornholm and not in other parts of Denmark. 
At many places on Bornholm the surface consists of bare rock or rock 
only covered by a thin layer of decomposed granite. This layer is covered 
by vegetation, but during heavy rainfalls the small streams of rainwater 
may destroy it locally, and sand and clay will be transported into the 
depressions in which the bogs are sit uated. Most likely t he clay-layers 
in Gnessoen bear witness to periods when such erosion was accelerated. 
Hence the change from boreal peat without clay to atlantic peat with clay 
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can have been caused by the increase of precipitation, well known from 
other investigations, that occurred in the atlantic period. During the 
drier sub-boreal period the peat again becomes free of clay, but the in­
creased precipitation in the beginning of the sub-atlantic period, which 
caused RY III in the raised bogs, caused the upper clay-layer in Groos­
soen. The fact that Carex rostrata at that time became common on the 
bog shows that the bog surface became wetter , probably because of the 
enhanced precipitation. 

The increased wetness on the bog does not, however, last during the 
whole of zone IX a. The fact that Quercus replaced Carex rostrata as a 
dominating plant on the bog surface about the time of Christ shows 
that the surface must have become drier than before. The disappearance 
of clay in the peat is in accord with this. The conditions on and around 
Groossoen fit with the general belief that the period after the beginning 
of our era was characterized by a drier and perhaps warmer climate 
than the period before (cf. GRANLUND, 1932). 

In the beginning of zone IX b the wetness on the bog surface again 
increased. In the first phase alder replaced oak on the bog and in the 
next the bog became covered by an Equisetum limosum-swamp, in which 
true aquatics such as Potamogeton and Nymphaea were able to grow. 
Throughout most or all of postglacial time the depression containing 
Groossoen has certainly lacked both inlet and outlet. The threshold in the 
valley leading toward the east may have acted as a regulating factor on 
the water-table in the depression. The rise of the water-table in the be­
ginning of IX b cannot be explained solely by a rise of the threshold, 
e.g. as a result of peat-formation in the valley. It is necessary to reckon 
with the possibility that the bog at that time was supplied with more 
water from the surroundings. Considering the topography of the area, 
the increased amount of water from the surroundings can only be ex­
plained by an increased precipitation. Investigations of raised bogs (e.g. 
GRANLUND 1932) show that about AD 400 there was an increased precipi­
tation, marked by the occurrence of RY II. It is reasonable to suppose 
that the swamping of Groossoen in the beginning of IX bis contempora­
neous with RY II. 

After the overgrowth of the Equisetum-swamp Groossoen was trans­
formed to a Sphagnum-bog. The peat from the first phase is only slightly 
humified, showing that the bog surface was very wet because of a rather 
high precipitation. The upper part of the Sphagnum-peat is a bit more 
humified (H 5- 6) showing a decreased precipitation. As it will be shown 
later, analyses 4 and 5 most probably correspond to the time of the 
castle Lilleborg (about AD 1190-1259). If that is the case, the level of 
the swamping corresponding to RY I (about AD 1300) should be a bit 
above analysis 4, but no traces of this swamping are to be found, as 
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the peat above is humified as much as that below. This can, however, 
be a result of the later planting of trees on the bog. 

c. V egetational history of the surrounding area. 

The zones IV-VIII are used in the same manner as in KNUD JESSEN 
1935. The pollengrains in the lower part of the wood peat (dated to the 
boreal period, IV- VI) are very much corroded, and it is possible that 
the limit VI/VII is placed somewhat too high in the diagram. The sub­
zonation of zone IX is in accordance with earlier papers of the present 
wTiter (MIKKELSEN 1949 and 1952). The transition VIII/IXa is marked 
by the beginning of the continuous curve of Fagus (and, especially on 
Bornholm, by the curve of Oarpinus). It is further characterized by the 
increase of the curves for the culture-pollen which in most diagrams 
shows the beginning of the Iron Age. The limit IXa/IXb is placed at 
the level of the swamping that is believed to be contemporaneous with 
RY II, somewhat after the beginning of the Secale-curve. The border 
IXb/IXc is characterized by the beginning of the continuous curve for 
Oentaurea cyanus, which must correspond in time to RY I. 

The pollen diagram (fig. I , PlateXX) does not tell much about the his­
tory of the forest in the time before the sub-boreal period. 

The beginning of agriculture, as reported in IvERSEN's paper on land 
occupation (1941) , is marked by the occurrence of pollengrains of cereals 
(Oerealia) and of the usual weed-plants, namely Plantago , Rumex , Arte­
misia , Ohenopodiaceae, and Urtica ; the pollen diagram gives no curves 
for the two lastmentioned, but the percentages are given in table III, 
page 226. 

In sub-boreal time the values for culture-pollen are very low showing 
only small clearances in the neighbourhood. The surrounding forest was 
dominated by Quercus, but Tilia was also of some importance. 

IXa. In the beginning of the sub-atlantic period parts of the forest 
in the neighbourhood were cleared. The pollen-curves for oak and lime 
decrease notably, while the curves for Oerealia , Artemisia, Rumex, Plantago 
and wild grasses (sm. Gramineae) rise sharply. 

Likewise the curve for the entomogamous Oompositae, cf. table III, 
shows a considerable maximum. The same is the case at the levels where 
the later maxima of culture-pollen occur. At the same time as the forest 
clearance in the beginning of the Iron Age the curve for Ericales shows 
that heath occupied relatively restricted areas. 

The rise in the Pinus-curve indicates diminished production of forest­
tree pollen in the vicinity. One may suspect that most of the pollen­
grains of Pinus found in sub-atlantic layers on Bornholm were transported 
by air from far away. The decrease in the local production of forest-tree 
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pollen, which lasted during the whole clearance period, possibly reflects 
the fact that Iron Age people produced open areas with fields and com­
mons. In sub-boreal time, on the other hand , the decrease in the local 
production of forest-treepollen occurred only in the first stage of the 
clearance period, because people at that time were most interested in 
open woods with birch and hazel , where the cattle could feed (cf. IVER­
SEN 1949). From the time when the first traces of rye are to be found in 
the diagram (i.e. about O AD) the curves for culture-pollen decrease. It 
is, however, impossible to say whether this is a consequence of the con­
quest of the fields and commons by forest , or only an artifact conditioned 
by the great production of pollen of oak on the bog itself. 

It can, however, be mentioned that VIGGO NIELSEN, M.A. , has found 
that the Iron Age fields on the Blemmelyng (SW of Almindingen) were 
abandoned about the time of Christ (not yet published, except in a news­
paper). The results from Almindingen together with this tend to show 
that fields on sandy soil were abandoned on Bornholm at that time. 
Perhaps the people on Bornholm were not able to cultivate the clayey 
soil in the first , humid period of the Iron Age, but were compelled to 
cultivate the sandy soils of the Blemmelyng and Almindingen. When 
the climate about O AD became more warm and dry, the people were 
able to utilize the better soil, the sandy fields being abandoned and 
covered, at least for some time, by heath. In the vicinity of the Lilleborg 
the heath areas rapidly grew up to forest, and undoubtedly the same 
was the case in other localities. 

Simultaneously with the decrease in the curves for culture-pollen the 
curve for Carpinus increases rapidly. Pollengrains of Carpinus were found 
in the close of sub-boreal time but first became important about the 
beginning of our era, when Carpinus must have been the predominating 
tree in Almindingen, along with Quercus. On the other hand Fagus, 
which appeared at the same time as Carpinus , did not reach any impor­
tance in Almindingen in any period. 

IX b. In the beginning of this zone (i.e. in the beginning of Late Iron 
Age) the diagram has considerable maxima for culture-pollen showing 
that in this time, too, open land with fields and commons and small 
areas of heath could be found. The greatest area of the neighbouring 
ground, however , was covered by forest dominated by Quercus and 
Oarpinus. 

The diagram, especially section C, shows that the area of forest de­
creased somewhat during IX b. The heath area increased but was still 
without real importance. In the later part of IX b the diagram has two 
remarkable maxima of culture-pollen. Simultaneous with these maxima 
there are maxima of Melampyrum cj. pratense. The last of these maxima 
of culture-pollen is possibly synchronous with the castle Lilleborg. The 
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king of Denmark founded thls castle about AD 1190. It was only used 
for a short time , as it was conquered and burned in 1259, when the 
king was fighting the archbishop of Lund, who had the bigger castle 
Hammershus on North Bornholm. Recent investigations of the ruins of 
t.he Lilleborg have shown i.a. stables. The cattle implied by t his dis­
covery must have had a great influence on the neighbouring forest , 
which must be detectible in the pollen diagram from Grressoen close to 
the Lilleborg. From the later part of the Middle Ages no cultivation is 
known from this area, which until the time of R0mer (about AD 1800) 
was the only part of Almindingen that still contained some forest. Thls 
tends to show that the analyses 4 and 5 in the diagram are contem­
poraneous with the Lilleborg. In accord with this is the fact that pollen­
grains of Centaurea cyanus were found in the analyses 1 to 4. In an earlier 
paper (MIKKELSEN, 1952) it is shown that Centaurea cyanus became 
common in Denmark about AD 1300. In the diagram from Grressoen 
single pollengrains of cornflower were found in the Late Iron Age, ana­
lyses 14 and 16. No pollengrains of cornflower, however, were found in 
analyses 5 to 13, even though several slides were examined in addition 
to those used for the counts. If the dating of the earlier occurrences is 
valid, Centaurea cyanus has been on Bornholm since Late Iron Age, but 
only became common in the period after AD 12- 1300, just as in the other 
parts of Denmark. 

At the time when the Lilleborg was built and the forest was cut down 
(analyses 4 and 5), Carpinils suffered a loss from which it seems never 
to have recovered. Heather was spreading rapidly and great areas became 
covered by heath. 

The penultimate maximum of culture-pollen in IX b may reflect the 
use of the fortification Gamleborg, but apart from the fact that it was 
reinforced some time possibly in the llth century, very little is known 
about the history and the use of this place. It is therefore impossible to 
correlate it with the pollen diagram. 

IX c. The time after the Lilleborg was burned was characterized by the 
fact that birch spread vigorously in the forest , while Carpinus decreased 
and became without importance. But it was heath and not forest that 
conquered most of the abandoned fields. This fact tends to show that 
the climate at that time was rather atlantic, perhaps conditioned by the 
climatic change which at other localities is demonstrated by RY I. In 
Jutland , too, the heath increased much at that time (cf. JONASSEN, 1950). 

In the first centuries after 1300 there was no cultivation of fields in 
the area, but Almindingen without doubt was used as pasture for cattle. 

The uppermost analysis in the diagram again shows cultivation by the 
increase in the curves for Cerealia and wild grasses. This may show the 
expansion of the fields on the big commons of Hojlyngen (including Al-



218 

mindingen) which began in the first half of the 16th century, after the 
herring fisheries, which in the preceding centuries were the principal 
industry of Bornholm, lost their importance. This cultivation of land, 
formerly used as commons, assumed such great dimensions, that the 
governor of Bornholm in 1552 forbade any new cultivation, as he thought 
it threatened the welfare of the cattle on the commons (cf. ZARTMANN , 

1934, pag. 142). 

d. The "Bornholm-clay". 

KNUD JESSEN has shown that most of the bogs on Bornholm were 
covered by a layer of clay containing some organic matter (the " Born­
holm-clay"). I found the same layer in the bogs I investigated. Grres­
soen contains such a layer of clay, but it is covered by peat. This clay­
layer was laid down from atlantic time until some time in the sub-at­
lantic period. The sections from the bogs investigated by KNUD JESSEN 

(e.g. the Aaremyre) are similar to the lower part of the Grressoen section. 
ZARTMANN (1935 , pag. 247) tells us that R0mer had peat cut in the 
Aaremyre, and it is reasonable to think that here and in most other bogs 
on Bornholm the upper layers of peat were cut away. Grressoen alone 
was left undisturbed. Before the woods were planted on Bornholm in 
the 19th century this island was very poor in forest. It is likely that the 
relatively few bogs on Bornholm were intensively utilized for peat-cut­
ting in the centuries before. 

An explanation of the formation of the clay layer in the bogs on Born­
holm is given above (page 213). 

III The Ankermyr in Slotslyngen (North Bornholm). 

The lake Ankermyr is situated in the forest Slotslyngen about 800 
metres east of the ruins of the castle Hammershus on North Bornholm. 
The lake is only about 60 metres long and about 30 metres broad. The 
surface is about 80 metres above sea-level and the lake is surrounded 
by rocky hills which reach about 90 metres above sea-level. From the 
southern end a narrow valley leads to lower areas. Towards the east 
the lake is limited by a perpendicular wall of granite, but on the other 
sides there is a narrow zone with shallow waters covered by Equisetiim 
limosum. The depth of water in the open areas is about 3 metres. 

a. The deuelopmenl o{ lhe lake. 

The lak e was investigated in 1951. The deepest layer found was lamin aled 
clay. Upon this was sedimented clayey mud from the Alleriid period and clay­
mud from the Younger Dryas period. At the transition to the postglacial 
period the sediment changes to nekron-mud (gyttja). This layer forms a 
horizontal layer through the lake between 4.1 metres and 3.5 metres below 
the surface of the lake. The pollen analyses from the nekron-mud arc very 
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similar, only the upper one being shown in the diagram, fig. 2, Plate XX, 
analysis 10. It is late pre-boreal. The lowest one differs from it by containing 
more Juniperus and less Populus, and belongs to early pre-boreal time. 
Upon this pre-boreal gyttja is deposited a layer of 0.5 metres olive­
grey-green, slightly clayey mud (gyttja). The upper 10 centimetres of it con­
tained so much water that no samples for pollen analysis could be taken. 
The pollen diagram from the lower 40 centimetres shows that this gyttja was 
formed in late sub-atlantic time, probably in the Middle Ages and in later 
time (cf. below). H ence there is a lacuna in the deposits correspond ing to about 
8000 years. This lacuna may be clue to peat-cutting. It is most probable that 
the lake in the period after pre-boreal time became overgrown with a bog. 
In the Middle Ages, perhaps in the first time of Hammershus (i.e. in the 13 th 
century), as much peat from the bog was removed as the level of ground­
water permitted. The peat above 3.5 metres below the recent surface of the 
lake was cut away. Some muddy peat that may belong to atlantic time was 
found in an earlier investigation between some boulders near the east ern shore. 
The samples were not good enough for a confident elating, and this peat was 
not found again in 1951, so I think it can only be found in the narrow spaces 
between the boulders. 

After this peat-cutting the lake was recreated. The lowest 20 centimetres 
of the gyttja that was deposited in it contained rather much "cly"; on the other 
h and larger remains of plants were absent. The content of pollen shows, how­
ever, that Polamogelon, Jvlyriophyllum allerniflorum, and Nymphaea alba lived 
in the Jake. After analysis 4 Myriophyllum allerniflorum predominated and 
simultaneously Equiselum limosum and Lilorella uniflora i1wadecl the shores. 

The appearance of cornflower and the proportion between forest and open 
land tends to show that the level between analyses 4 and 5 ea n be elated to 
about AD 1300. 

The fact that Equiselum limosum and Lilorella were absent and Myriophy l­
lum sparse before about AD 1300 implies the absence of shallow water in the 
lake, because these species demand shallow water to grow in. The Ankerrnyr 
of today has a zone of shal low water and e\·en a rise of the water-table up to 
the threshold in the valley leading southward will leave the lake with some areas 
of shallow water. But if the water-table in the lake were lowered about 0.5 
metres, the lake would be without shallow water. Hence it is reasonable to 
suppose that before about AD 1300 the water-table in the lake was lower than 
it is to day. Evidently the narrow zone along the south, west and north shore 
of the lake was dry and perhaps covered by alder, while the shore sh elved too 
steeply for Equiselwn to grow. lt is very likely that the expans ion of Equiselum 
beginning in analysis 4 is clue to the flooding of the present narrow zone. This 
rise of the water-table, which created suitable habitats for Equiselum and 
Lilorella, as mentioned before, is elated to about AD 1300 and may have the 
same causes as the contemporaneous RY I. 

b. History of vegetation in the surrounding area. 

IX b. The analyses 9 to 5 in the pollen diagram (fig. 2, Plate XX) show 
that the surrounding area in that period was covered by an open forest 
dominated by Quercus, with Carpinus and Fagus playing quite subor­
dinate roles just as in Almindingen after the destruction of the Lilleborg. 

The climate of this period was favorable on North Bornholm, as indi-
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cated by the occurrence of Viscum, two pollengrains of which were 
found iil the deposits. As the lake is without inlets and is very well 
protected against wind, older peat which may have been suspended in 
the water of the lake just after the peat-cutting would have been deposited 
during a rather short time. The content of clay in the gyttja was un­
doubtedly washed out from the weathered rocks nearby, and implies no 
redeposition of older sediments. Hence it is unlikely that the pollen­
grains of Viscum found in the Ankermyr can have been redeposited from 
earlier peat or gyttja. 

The content of culture-pollen shows that there were some clearings in 
the vicinity, but probably they were small and scattered. Both Juni­
perus and Oalluna were without importance at that time. 

IX c. From analysis 4 and upwards the vegetation in the surrounding 
area changed, just as did the vegetation in the lake itself. Section C in 
the diagram shows the decrease of the forest. The other sections of the 
diagram show increasing amounts for Juniperus, Ericales, wild grasses 
and culture-pollen. Large areas in the neighbourhood were cleared of forest, 
and fields and commons expanded their areas, as did heath. 

Oentaurea cyanus appeared for the first time in analysis 5 and is pre­
sent in all of the analyses from 5 to 1, but despite examination of several 
supplementary slides containing several thousand tree pollengrains it 
was not found in analyses 6 to 10. Comparing this with the diagram 
from Gnessoen it is most probable that the transition IX b- IX c (about 
AD 1300) falls between analysis 4 and 5 in the Ankermyr diagram. The 
evidence of changing water level, as inferred in the foregoing discussion 
of the water plants, points to a climatic change corresponding to RY I 
at this level , and thus strengthens the dating. 

The castle Hammershus was founded by the archbishop of Lund about 
1250. From then until AD 1327 the archbishops and the kings of Den­
mark fought for the possession of this castle, which dominated the whole 
island after the destruction of Lilleborg. In 1327 the archbishop won 
possession of the whole island (ZARTMANN 1934, pag. 80). Presumably 
it was not until that time that cultivation of the Hammershus holdings 
began. The decrease of forest in the beginning of zone IX c should reflect 
this increase of agriculture and the attendant cattle husbandry. During 
the following centuries Oalluna-J uniperus heath expanded in Slotslyngen 
until the reforestation began in the 19th century. 

IV General remarks on the sub-atlantic vegetation on Bornholm. 

a. Fagus silvatica. 

The oldest Fagus pollengrains on Bornholm occur in the uppermost 
sub-boreal deposits. From the beginning of sub-atlantic time the pollen 
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gives a continuous curve and in Almindingen generally makes up between 
1 and 2 % of the forest-tree pollen. In North Bornholm the percentage 
is considerably lower. The presence of amounts greater than 1 ¾ even 
in periods of great local pollen production (e.g. fig. 1, Plate XX, analyses 
22- 27) strongly suggest t hat Ji'agus actually grew in Almindingen from 
the beginning of sub-atlantic time. On the other hand it is less certain 
that Fagus lived in Slotslyngen, where its pollen curve, at least in the 
later part of sub-atlantic time, generally lies below 0.5 %-

A higher value for Fagus (i.e. 4.5 %) is only found at a time (fig. 1, 
Plate XX, analysis 5) when the proportion of Pinus grains indicates that 
pollen transported by air from far away played an especially prominent 
role. It is therefore of interest to know whether it is theoretically possible 
that all the pollengrains of Fagus on Bornholm could be due to long­
distance transport, e.g. from the mainland. 

In periods of major forest clearance t he proportion of Pinus pollen, 
which at other times is rather low, increases considerably. This tends to 
show that at least a good deal, perhaps all , of t he Pinils pollen is due 
to transportation from afar. If Pinils was present on Bornholm in sub­
atlantic time it can only have been on a very small scale. If that is the case 
the amount of Pinus pollen is an index of long-distance transport of pollen. 

Far-travelled beech pollen on Bornholm can either originate from 
Northern Germany or from Southern Sweden. Pollen diagrams from 
Northern Germany (FIRBAS 1949) show that the values for Pinus are 
generally about ten times as high as the values for Fagus. If Fagus were 
as easily carried as Pinus, each Fagus pollengrain arriving on Bornholm 
from Germany would be accompanied by 10 grains of Pinus. Investiga­
tions on pollen transport (e.g. JONASSEN 1950) indicate that Pinus is 
transported much more easily than Fagus , so in fact each Fagus from 
Germany must bring along more than 10 Pinus pollen . 

The other possible source is Sou t hem Sweden. If neither Fagus nor 
Pinus grew on Bornholm, a pollen diagram from the sediments on the 
bottom of the Baltic Sea, between Bornholm and Sweden, should give 
the ratio of Pinus to Fagus in the pollen transported from Sweden. In 
an unpublished diagram from Station 8, about 12 km north of the north­
ern point of Bornholm, 12 samples from sub-atlantic time have been 
analysed. These analyses fall in two groups, an upper section with much 
Fagils , which appears to belong to zones IX b and c, and a lower one 
containing only a few Fagus , which may belong to zone IX a. Table I 
(pag. 222) shows that in St. 8 the zone IX a samples have in average 
24.6 Pinus for each grain of FagilS , while IX b and c have 6.4 Pinus for 
each Fagus. The corresponding value for Grresscen in IX a is 3.1 Pinus 
for each Fagus. Even if this ratio is based on rather small totals there 
can be little doubt t hat there is far too little Pinus pollen on Bornholm 
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in IX a for the Fagus pollen to have originated either in Sweden or 
Germany. Fagus must therefore have grown in Almindingen in IX a 
(i.e. Early Iron Age). 

In IX b and c the values of the ratio for Station 8 and for Gr::essoen 
are almost equal, while the Ankermyr has considerably more Pinus pollen 

Table I. Relation between number of pollengrains of Fagus a nd Pinus in sub-atlantic 
layers from Bornholm and from the Baltic Sea off Bornholm. 

IX a IX b and IX c 
(About 400 BC-AD 400) (AboutAD400-rccent time) 

Total Total Number of Tola! Total Number of 
of of Pinus for of of Pinus Ior 

Pinus Fagus each Fagus Pinus Fagus each Fagus 

Ankermyr I 342 I 12 
I 

28.5 

Grressi.ien 198 
I 

64 3.1 1097 I 177 I 6.2 

St. 8. Bailie Sea I 548 22 24.6 519 I 81 I 6.4 

for each Fagus. I£ the pollengrains of Fagus were as easily carried as those 
of Piniis , table I gives no evidence of Fagus living on Bornholm in 
IX b and c, because the pollengrains found might have been carried by 
air from afar as were those of Station 8. In that case, however, one should 
have expected far more Fagus in the Ankermyr, the ratio of which is 
in accord with the supposition that Pinus is carried more easily than 
Fagus. Thus the data in table I indicate that Fagus continued to grow 
in Almindingen in the Late Iron Age and in the Middle Ages, as it had 
during the Early Iron Age. On the other hand the very high Pinus­
Fagus ratio for the Ankermyr suggests that beech can hardly have been 
present there, whereas some pines may well have grown in the vicinity. 
But if we admit that pine may have grown on Bornholm, a Piniis-Fagus 
ratio as low as 3.2 would argue even more strongly that the Fagus of 
Gr::essoen must have been growing locally. 

Hence it can be considered as proved, that Fagus has grown on Born­
holm since the beginning of the Iron Age. It is not implied, however, 
that it was an important forest tree, either in Almindingen or in Slots­
lyngen. Oarpinus, not Fagits , was the dominant tree on Bornholm in 
sub-atlantic time. 

b. Oarpinus betulus. 

In the beginning of the sub-atlantic period Oarpinus amounts to about 
1 % of the tree-pollen, but in the period about the beginning of our era 
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the curve increases to about 10 %, showing that Carpinus at that time 
became common in Almindingen. Even in t he period when Quercus grew 
on the bog the proportion of Carpinus is only a little below 10. In analysis 
17 Carpinils reaches 18 %, decreasing thereafter to about 7 % in analyses 
13- 15. The minimum is contemporaneous with maxima for B etula, Eri­
cales, and wild grasses, which suggest a deleterious effect of human ac­
t ivity on Carpinus. After this temporary setback Carpinus increases 
again and attains values of about 20 % in the period just before t he major 
clearing which is dated to t he time of Lilleborg. The foundation and use 
of the castle seem to have been catastrophic for Carpinus in Almindingen. 
After this period Carpiniis only reaches 2- 3 %, while both E ricales and 
Betula attain great maxima. In accordance with t his fact it is without 
importance in the Ankermyr diagram, which corresponds in time to the 
period after t he time of Lilleborg. 

I t is probable t hat sin ce about AD 1300 the central part of Bornholm 
(called H ojlyngen, which included Almindingen and Slotslyngen), has 
been used as pasture for cattle on an extensive scale. This may well have 
caused the decrease of Carpiniis . Today Carpinus is very common in the 
forests if Bornholm, but this may be related to t he fact that since the 
19th century t he forests have been protected against cattle. 

In her work on the Federsee I NGE MtiLLER (1947) showed , in apparent 
contrast to the results reported here, that t he occurrence of Carpinus 
pollen was contemporaneous with the occurrence of culture-pollen. How­
ever, at least in the periods before the sub-atlantic her values for Carpi­
nus pollen are too small for statistical significance, though they suggest 
that Carpinus grains are among t hose grains of distant origin that in­
crease automatically during phases of extensive forest clearance. The 
sub-atlantic increase of Carpinus in her diagrams may be real, and yet 
t he explanation may not be cultural, but climatic. 

In East Prussia Carpiniis was most common in areas that have been 
subject to extremely little human interference (FIRBAS, 1949, p. 265) . 

At any rate , the present investigation tends to show that the conse­
quence of clearing, at least when accompanied by cattle husbandry, is 
not an increase but a decrease of Carpinus. 

c. The heath-vegetation. 

ZARTMANN (1934-35) and other authors describe H iijlyngen (i.e. the 
central part of the island formerly covered by heath , shrubs and commons 
and used as pasture for cattle ) as having existed from t ime immemorial. 
It cannot be said that the diagrams presented in this paper give the 
definitive picture of the history of Hojlyngen, especially as Grressiien is 
situated in the outskirts of the only part of Central Bornholm where 
remnants of a forest still existed in the beginning of the 19th century. 
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Both diagrams, however, show that the heath on Bornholm, just as in 
other parts of Denmark, is due to human agencies. Already in Iron Age 
some parts of Almindingen were occupied by heath, but only after the 
foundation of the Lilleborg about AD 1200, did the heath become the 
dominant community in the vicinity. Likewise on North Bornholm the 
heath vegetation did not become widespread until the cultivation of 
the Hammershus lands in the 14th century. 

The great expansion of the cattle husbandry on Bornholm in the cen­
turies after about AD 1300 no doubt dealt the final blow to the remnants 
of forest which earlier covered Central Bornholm and changed the area 
to that Hojlyng which is known from the 19th century. 

d. N ates on other plants. 

V iscum album. Mistletoe was common in other parts of Denmark in atlan­
tic and sub-boreal time (IVERSEN 1944, MIKKELSEN 1949), and is known 
from the same periods on Bornholm. On Bornholm (figs. 1, 2, Plate XX) it 
also grew as late as in the close of IX b (about AD 1200) as pollengrains 
are found in the Ankermyr from that t ime. The area round the Ankermyr, 
with its many small hills and valleys, includes many sheltered and warm 
localities where mistletoe could thrive during a favorable period. The 
findings tend to show that the period just before RY I was rather favorable 
- a fact which, together with the political situation of that time, may 
have influenced the great expansion of farming in the 12th and 13th 
centuries in Denmark. 

H edera helix. Today this species flowers abundantly on Bornholm, and 
findings of its pollengrains (figs. 1, 2, Plate XX) show that it has done so 
through-out sub-atlantic time. 

Lonicera periclymenum. Pollengrains of this species are seldom found in 
peat or mud deposits. It is , however, found in both localities on Bornholm 
(table III- IV). In Gnessoen it was found in analyses 21 and 22, which 
belong ot the humid period just after RY II. In the Ankermyr it was 
found in both zone IX b and IX c, but in this locality I think it has 
climbed in the cracks in the rock on the eastern side at least since the 
Middle Ages just as it does today. From this habitat the pollengrains will 
fall directly into the lake. 

Centaurea cyanus. In earlier papers (MIKKELSEN 1949 and 1952) it is 
shown that cornflower only became common in Denmark after about 
1300, while no find is known which can be dated with certainty to an older 
part of the postglacial period. On Bornholm Centaurea cyanus became 
common in the first half of the 13th century, i.e. almost at the same 
time as in other parts of Denmark. On Bornholm, however, Centaurea 
cyanus was represented in analyses which presumably date from the Late 
Iron Age, but only by a single pollengrain in each of two analyses. This 
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Table I I. List of p lants found as macrofoss ils in profile P 3 in Gr::cssoen. 

+ : present, c : common. 

Poll en-zones 

Depth below surface 
1

295-, 285- , 250- , 235-1 220-1 200- 1152- 11l2-1 85-1 30-
285 250 235 220 200 152 112 85 30 0 

Belula pubescens . ...... . + + + + + + 
pubescens x 
pendula... . . . .. . + 

Carex canescens . .. . .. . . . 
cf. paniculala . ... . 
riparia .......... . 
roslrata ........ .. . 
cf. vesicaria....... + 

Carpinus belulus ....... . 
Equiselum limosum ..... . 
Hydrocolyle vulgaris .. . . . 
Lycopus europaeus . .... . 
Menyanlhes lri{o/iala. . .. + 
Myriophyllum sp .. . . . . . . + 
Phragmiles communis . .. 
Polamogelon nalans .. . . . 

per{olialus . . 
C 

C 

praelongus.. + 
Polen/ilia paluslris . ... . . 
Quercus sp .... .. .... . . . . 
Sa/ix caprea ........... . 
Cenococcum grcmi{orme .. 

+ 

C + 
+ 

+ 
C C 

+ 

+ 

+ 

+ 

+ + 

C 

+ 
+ + 

C 

+ 

+ 
+ 

+ 

+ 

tends to show that Centaiirea cyanus was present on Bornholm since 
Late Iron Age, but was very rare until about AD 1300. 

Fagopyrum has been cultivated on Bornholm since the close of the 
Iron Age, as its pollengrains are present in analyses from the close of 
I X b as well as from IX c (tables 111--IV). 

H elianthemum nummularium. When the open land became more wide­
spread in the neighbourhood of Grressoen during the Late Iron Age, 
Helianthemum became rather common (table III). Pollengrains of this 
species are found in several analyses in t he diagram from Grressoen from 
analysis 11 and upwards. 

Juglans. Table III shows that pollengrains of Juglans are found in 
three analyses from Grressoen. It can not be said with certainty that these 
pollengrains are not transported by air, e.g. from Germany. Today 
Juglans is rather common in gardens on Bornholm, and it is possible that 
the above mentioned finds mean what they seem to, that Juglans has been 
cultivated on Bornholm since the first centuries A.D. (Roman Iron Age). 

D. G. v . lI. rk. , nr. 80. _Ji) 
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Table III. Supplement to the pollen diagrams from Gnessoen (fig. 1, Plate XX) . The 
percentages are calculated for a total that includes the total of AP + the species in question. 
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The AP totals are listed in lhe pollen diagrams. The sign + signifies t hat the 
pollengrains were found in a larger sample than the one for which the total AP is given. 
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Table IV Ankermyr (Cig. 2, Plale XX). Cf. table III. 
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VI Dansk resume. 

Der forehcgges to bornholmske pollendiagrammer, v<CCsentlig omfattende 
subatlantisk tid. Det pavises, at Fagus er et oprindeligt skovtrao pa Bornholm ; 
men medcns Fagus karakteriserer skovene i det 0vrige Danmark i subatlantisk 
tid , er det Carpinus, der karakteriserer de b ornholmske skove i denne periode. 
Der gores rede for menneskets varierendc indflydelse pa de bornholmske skove 
i Jaornalder og Middelalder. Unders0gelsen tyder pa, at Carpinus lider staorkt 
ved kulturindgreb (is <CCr kvreggr<CCsning). D e foreliggende diagrammer viser, at 
de udstrakte hedearealer i Bornholms centrale del (Hiijlyngen) farst er opstaet 
i subatlantisk tid, vistnok i Middelalderen (i det 13.- 14. arhundrede). 

Unders0gelsen sandsynligg0r fugti gh edsforngelser svarende til GRANLUNDS 

RY I, RY II og RY III. 



On age and origin of the beech forest (Fagus 
silvatica L.) at Lygrefjorden, 

near Bergen (Norway). 
By 

KNUT FA;GRI. 

Abstract 

1. Pollen analyses from four deposits within the beech forest area in Alver­
sund on the W coast of Norway (lat 60° 30'-40') show that beech established 
itself after the area had been settled. 

2. The oldest a rchaeological finds go back to ea. 500 AD. 
3. Beech probably arrived b etween 500 and 1000 AD. 
4. As the oldest b eech occurrences are apparently situated rather far from 

the shore, beech was probably planted intentionally. 
5. Attention is drawn to the possible connection between the beech forest 

and the neighbouring royal r esidence at Seim, the royal family coming from 
Vestfold, the only area in Norway where spontaneous beech was plentiful. 
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Introduction. 

Far, far away from all other spontaneous beech there is a small forest 
of this tree near Bergen. It has been known by botanists since the end 
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of the 18th century1 ) , and has been visited by many. Opinions about 
age and origin of the forest have been offered repeatedly, ranging from 
the concept of recent introduction by man to that of relics of a former 
continuous Norwegian distribution. However, the last original contribu­
tion towards t hese problems was made by HoLMBOE 45 years ago. Since 
then methods have been developed, which warrant a certain optimism 
with regard to the possibilities of a more exact dating than was possible 
at that time. In the following I shall try to make such a dating. 

In the European North beech has always been considered the tree of 
Denmark. I can find no more fitting contribution for a presentation 
volume to the leader of Danish pollen analysis than just a small contri­
bution towards the history of the migrations of the beech. 

General descriptions of the beech forest at Lygrefjorden have been 
given both by HOLMBOE (1908) and H0EG (1924): consequently I have 
considered it superfluous to give a detailed account. It suffices to state 
that the forest is situated at the western coast of Norway, latitude 60° 
30'- 40' N , some 330 km, as the crow flies , from the nearest occurrence 
of spontaneous beech. It should be noted, though, that in many locali­
ties in between, along the Norwegian coast, beech thrives excellently 
and has spread from recent plantations into the surrounding vegetation 
(cf. HOLMBOE 1925) . 

In our area t he beech forest occupies the middle part of one of the 
many peninsulae characterising the landscape. The extent of the forest 
has apparently not changed very much during the last 40- 50 years. But 
as far as one may conclude from on one hand HOLMBOE's and H0EG's 
general descriptions, and on the other hand a general impression of con­
ditions to-day, the forest seems to be in a better state than previously 
(cf. fig. 2). If t his is the case, it is probably an effect of the last 50 years' 
agitation for afforestation and for better forest management. It should 
be noted that the spread of the beech is partly checked by cultivated 
fields. In other places, e.g. at the hill to the left in fig. 3, there is a distinct 
zone of small beeches outside the beech forest proper. The map of the 

1) Nevertheless this very interesting N\V extreme of the beech area is sometimes for­
gotten by non-l\orwegia n botanists . In the stately beech-forest volume published by the 
RDBEL insLitute (1932), thi s occurrence is not mentioned with one word. For the under­

standing of the ecologic ran ge of beech the forest it is of the greatest importance.- I-IuL­
TE'-l's m ap (1950 nr. 600), while correct in th is respect, is in other ways rather misleading 
as far as ' orway is concerned. Neither for spontaneous nor for cultivated beech are the 

localiti es correct. i\ly m ap, fig. 1 A, has been prepared from H0EG ' s data for Norway, and 
Lr;s;oQvtsT's for the adjacent part of Swedcn.- Our locality ba s been various ly designated: 
the fores t is situ ated in the parish of Alversund, more speci[ica lly in the chapelry of Seim . 

I have here used HournoE's neutral designation: near Lygrefjorden, because the forest 
is slopin g towards that fjord. P resent spelling : Lurcfjorden . 
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Fig. 1. A. Distribution of beech in Norway and adjacent parts of Sweden. B-C. Distri­
bution of beech in Alversund. Reproduced from the maps of Norges geografiske opp­

maling, by permission. 

distribution of the beech within the area (fig. 1 C) was made from air­
plane (as originally indicated by LINDQVIST 1931). In the difficult terrain 
it is the only way to locate the trees. Some beeches detected from the 
plane further south, at Elsas, proved to have been planted, self-sown 
seedlings having been moved from the forest. The isolated, northernmost 
field is now smaller than suggested by HoLMBOE's admittedly very 
schematic map (1908 p. 5). It mainly consists of a number of trees grow-
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Fig. 2. From the edge of beech forest near j\ lon gs tacl . 

ing in a t hin row in one of the almost vertical cliffs that are so abundant 
here. I doubt if t he occurrence has ever been more plentiful. Local tra­
dition confirms this opinion; recent spread from t he original row of trees 
is noted in many places . The pollen diagrams show greater incidence 
of beech in sub-recent that in recent samples. I believe t hat this is due 
to greater production of other pollen types in recent samples, not to 
lower production of beech pollen. 

Sociologically, beech appears under a diversity of conditions, from 
isolated trees scattered in a mixed forest with B etula alba (s. l.) , Populus 
tremula, Sorbus aucuparia, Fraxinus excelsior, etc. to dense, pure beech 
forest with tall , erect stems and practically without undergrowth. In 
t he densest parts t he soil is either bare or is covered by beech and Sorbiis 
aucuparia seedlings plus some mosses. However, these very interesting 
problems cannot be discussed at any length here. 

I want to stress t hat owing to t he peculiar geologic structure of the 
area (cf. K o LDERUP and K OLDERUP 1940) ecologic conditions are extrem-
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ely variable within small distances. The bed-rock forms a series of ribs , 
between which there are very narrow, steep-sided valleys. The western 
sides of the ribs are almost vertical, whereas the eastern sides slope more 
gradually towards the fjord. Consequently the valleys are assymetrical 
and the fields are exposed towards north-east. The system of ribs running 
NW- SE fills the whole peninsula except for one break, viz. at Skaret 
("the Gorge"), the only reasonable crossing between Lygrefjorden and 
Rasundet. It will be seen that the beech forest is restricted to the vicinity 
of this passage across the peninsula.-

For the dating of the beech forest we proviously possessed very few 
data, the most important of which is the farm name Bokjevold. The name 
refers to the existence of beech, and it occurs for the first time in 1611 
(MAGNUS 0LSEN- RYGH 1910). Consequently the beech must be older 
than that. On the other hand HOLMBOE's investigation of a small bog 
at Pciltnesset gave evidence that beech did not grow there until a com­
paratively late date. 

Archaeological conditions. 

Before taking up the main theme of my investigation, viz. the pollen 
analyses , it may be useful to summarise what is known about t he ar­
chaeological conditions within the area. The dating of the origin of the 
forest will rest on archaeological evidence. As far as place-names are 
concerned, the central, original farm seems to be Vollom ( cf. MAGNUS 
0LSEN- RYGH 1. c.) . The names of the surrounding farms are formally 
younger. The group of farms in and around the beech forest is rather 
isolated from other habitation, and it is quite conceivable that it has 
developed from one original farm. LrTLESKARE (1925 p. 17) maintains 
that Okse (0ksa) was the original farm. 

The archaeological evidence does not disagree with this concept, but 
it does not point to Vollom or Okse as the primary settlement. Archae­
ologically Skaret is distinctly the most important with not inconsider­
able finds both from Older and Younger Iron Age1). 

The former ones are two Migration Age grave finds (one cairn and one 
mound) described by LORANGE (1884 p. 101 and 1886 p. 86); the latter is 
a grave find from the Viking Age, described by B0E (1933 p. 6). The 
only other archaelogical find of any significance within this neighbourhood 
is an unsubstantiated report of an IronAgegraveatMongstad, discovered 
and destroyed before 1824 (NICOLAYSEN 1862- 66 p. 397). 

It should be kept in mind that settlement in this area is on the whole 

1) My thanks are due to Mr. PER FETT, curator of the University archaeological museum, 
for help in this matter.- It should be remarked that the mutual age relations between 
Skaret and Vollom a re not considered by MAGNUS 0LSEN-RYGH !.c. 
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very young. vVithin the parish of Alversund a few scattered Stone Age 
finds have been made, but they are astonishingly few and insignificant. 
A single Bronze Age grave has been reported from Kvamsfj eld further 
south , rather far from the beech forest. There can be no doubt that the 
lateness of settling here must be due both to a relatively poor bed -rock 
and an unfavorable exposition (towards NE) . 

If we return now to Skaret, the reason why this site was preferred is a 
matter of conjecture more than of knowledge, but it is not improbable 
that the facilities for crossing the peninsula were important. No doubt 
the passage between the two fjords through the gorge has been utilised 
as long as people have travelled in these districts . It should be remembered 
that both north and south of Rasundet there are strong currents which 
can be rather unpleasant to pass with a small boat. Skaret, or more spe­
cifically its western harbour, Skarsvagen, is situated about midway 
between the two currents. The relation of this passage to the central 
place, Alfitoo, will be considered later. 

E ven on the more favorable s ·w-exposed side of t he peninsula settle­
ment seems, on the whole, to be very young. Archaeological finds are 
few, and place-names indicate that most farms were cleared very late, 
the only exception being Alver (Alvibr). It should not be over-looked that 
systematic archaeological surveys have not been carried out in the district. 
Finds may be more plentiful than we know to-day. 

Pollen-analytic investigations. 

1. Skarsvatnet. Within t he beech forest area there is only one basin 
t hat immediately presents it ·elf as being suitable for a pollen-analytic 
investigation, viz. Skarsvatnet (fig. 3). This is a long, narrow lake which 
occupies t he deepest par t of one of the valleys running N"\iV- SE, more 
specifically the one towards which the fields of the farm Skaret slope. 
The lake has lost about half of its original area by filling-in from both 
ends, whereas the sides are too steep for any hydrosere to start there. 
The bog in the northern end apparently had dammed the lake . Recently 
this dam has been cut through, and peat has been cut from parts of the 
bog. The outlet has even been lowered below the original level by cut­
ting through a rock threshold. The amount of lowering is rather small. 

The first series of samples were collected from the lake bottom imme­
diately outside the present northern shore1 ). The vegetation consisted 
of abundant Potamogeton natans with scattered Callitriche, Junciis supi­
nus, Equisetum limosum, and Carex rostrata . The steep precipice to the 
NE of the lake is covered by a mixed deciduous forest: much Populus 

1 ) During field work I have been ass isted by a number of my coll aborators from Lhe 
U ni versity botanical mu seum, Bergen. 
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Fig. 3 . Skarsvatn (right) a nd part of Lhe beech forest area seen from the ridge \V of Skaret. The pass across the 
peninsula is seen in the middle left background . The round hill to the left is covered by beech forest. 
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and Oorylus, some beech, oak, and birch with Rhamnus frangula etc. in 
between. Apart from the little hill with birches and Oalluna heath seen 
in the middle of fig. 3, the SE surroundings of the lake are cultivated 
fields (hay and potatoes). 

Skarsvatn is situated some 100 m above sea level , above the marine 
limit. 

The lake bottom was situated 40 cm below the water surface, and the 
deposit stretched downwards to 590 cm, thus apparently a very nice 
series. The lake bottom was rock. Owing to the nature of the Hiller sam­
pler the lowermost decimetre of the deposit was not accessible. For our 
primary problem this is of no importance. 

Unfortunately it proved that the sediments were not as good as one 
could have expected , and especially in the lowermost part corrosion was 
very bad indeed. So bad it was that the distinction between Betula and 
Oorylus was in many cases far from certain. However, there can be no 
doubt about the main features of the pollen diagram (pl. XXI) 1): the rise 
of the Alnus curve at 535 cm marks the beginning of zone VIP) , the 
Atlantic period. It is preceded by the usual late Boreal "tail" of the curve. 
I want to point out the very late Pinus maximum, which is apparently 
even later than at J reren and B0mlo. This confirms the rule of the gra­
dual delay of this important pollen-analytic level towards NW (FAWRI 
1944 p. 29). Owing to corrosion of the pollen grains I dare not insist too 
strongly upon the actual curves of Corylus and B etula, but I do not 
think the diagram reaches beyond the Boreal period. Incidentally, it 
should be noted that since the beginning of the Atlantic period there 
has hardly ever been a spontaneous pine forest in the neighbourhood. 
On its immigration beech had to compete with other deciduous trees , 
but not with pine forest. 

Both QM and Oorylus come to a minimum about 125 cm, and I find 
it reasonable to suppose than the zone transition VIII- IX is situated 
here. It is possible that the minimum at 125 cm is caused by overrepre­
sentation of B etula , and that the real transition is to be placed ¼ m 
further down, where the NAP curve rises. As it is not possible to date 
the beech from this diagram anyhow, the exact location of the zone 
transition is not too important in this case. The Alnus maximum near 
the zone transition may be local, and I dare not draw any conclusion 
from the details of the curves. 

The border between the two intermediate zones is most probably 

1 ) For practical reasons the depth scales of the diagram s haYe been varied, cf. th e depth 
figures. 

1) In accordance with the general agreement a t Lh e Copenhagen conference of pollen 
analysts (August 1953) 1 have adopted JESSE)l'S zone system, although the distinction 
between his zones V and VI cannot be traced in western Nor\\'ay. 



238 

located at 350 cm, where Ulmus comes down from a distinct maximum, 
and Tilia makes its first appearance (apart from some scattered grains 
near the bottom of the diagram). The dominance sequence: Betula­
Pinus-Alnus- Ulmus- Tilia is very characteristic, and returns in an­
other combination (the B0kjevold diagram, cf. below). 

The Fagus curve of the main diagram is practically non-existant. The 
small percentages we find in zone IX are just as we should expect them 
if beech did not occur locally (cf. similar curves in F;EGRI 1950). 

It seemed improbable that the rich occurrence of beech, both in the 
cliff beyond the lake and on the hill to the north, should not be repre­
sented in the pollen rain, so a turf was at a later visit cut from the grow­
ing Sphagnum bog some 20 m from the edge of the water. This turf , 
30 cm deep, gave a pollen diagram with a nice beech curve , thus proving 
that the series from the lake had been truncated. As, however, the two 
diagrams did not join, I was forced to collect a third series, more or less 
in the same spot as the second one, and reaching down one metre. This 
diagram- the upper 15 cm of which are identical with the second one­
is reproduced here together with the main diagram. It is a very bad 
diagram, completely destroyed by over-representation of Alnus, which 
evidently formed a carr on the bog. 

The first problem concerns the joining up of the two diagrams. Un­
fortunately, the sub-Atlantic diagram is rather deficient in characteris­
tics, and the only curve that can help us , is the Tilia curve. It will be 
seen that this is situated at ea. 1 °~ in the main diagram, and in the 
auxiliary diagram below 75 cm. At this level there is a transition, and 
in younger strata practically no Tilia occurs. Nor is it found in the 
second diagram, which has not been reproduced here. Consequently the 
auxiliary diagram above 75 cm must be younger than the main diagram. 
- Now beech does not occur locally, i.e. in the immediate surroundings 
of the lake, until 20 cm- at a point when the pine curve has already 
started to rise. This rise of the pine curve is a very young phenomenon 
(cfr. curves in F;EGRI 1950), and dates the local beech to the last 150 
years or so. It should be remembered that this concerns flowering beech. 

Now as to the registration of settlement in the Skarsvatn diagram 
there is not much to be seen, and quite especially the NAP part of the 
auxiliary diagram is completely destroyed by local over-representation. 
However, the rather consistent occurrence of Plantago lanceolata in the 
main diagram above 80 cm should not be under-rated. Skaret is situated 
so far from other known centres of cultivation that a consistent represen­
tation of Plantago must be taken to indicate local settlement. The level of 
80 cm would then presumably correspond to ea. 500 A. D. Thus we may 
conclude that beech had not established itself in this region until some 
part of the forest had been cleared and farming had started. 
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H owever, the beech values down to 40 cm are too high to be ascribable 
to long-distance transport. Beech must have occurred in the more distant 
neighborhood of Skarsvatn for some t ime and arrived at its present 
western boundary very recently, most 'probably from the east. 

2. Poltnesset The next pollen diagram (pl. XXI) to be considered comes 
from the small bog at Poltnesset, the one which HoLMBOE also investi­
gated. It is t he only bog to be found within the beech forest , but it is 
not really suitable for pollen-analytic purposes, being very small , some 
40 m long , 25 m broad with just the faintest suggestion of a peripherical 
drainage system, and completely surrounded by beech forest. 
However, birches and alders are invading t he bog and make t hemselves 
strongly felt in the recent pollen spectra.- It is obvious that the pollen 
diagram from such a small bog, situated in t he forest , must be subject 
to very strong local influence. 

Poltnesset is a small rocky hill , connected with t he mainland by a 
sandy shore bar. Otherwise it is surrounded by the sea. Wit h the excep­
t ion of the extreme edges, Poltnesset is now completely covered by dense 
beech forest, in some parts of considerable dimensions. 

With the Hiller sampler a series was collected from the centre of t he 
bog, dowri to 200 cm. The bottom consisted of marine mud upon and 
partly alternating with coarse marine shell marl. Above that t here was 
something resembling magnocaricion peat, and above t hat again a slightly 
humified Sphagnum peat. HoLMBOE 's investigation took place near t he 
edge of the bog, which accounts for t he different stratigraphy of his 
section . 

The bog is situated 5.45 111 above sea level, t he brook draining it 
passing over a rock threshold at 4.20 m, now covered by peat. It is also 
possible that I did not succeed in finding just t he deepest cut under the 
peat cover. At any rate t he surface of the marine mud is more or less 
level with the outlet. 

The bottom sample is dominated by Pinus, the regular overrepresen­
tation in marine deposits. Three samples with dominating Alnus indicate 
alder forest (HOLMBOE 1908 p. 18: 45 cm Alnus peat) .- Following the 
other curves we find t hat t he QM curve is consisten tly low, below 3 %, 
except for the three bottom samples. It is hardly unreasonable to assume 
that these t hree samples represent the last of the warmth period, conse­
quently we have the zone transition VIII- IX between 150 and 160 cm. 
For t he rise of the land this gives us some 4 metres for the last 2500 years , 
or provided it has proceeded with constant speed, ea. 1.6 mm/year . A simi­
lar rate of regression of the sea during t he same period has been calculated 
from independent sources both at B0mlo and at Kar1110y (FlEGRI 1944 
p . 45). Unfortunately no modern investigation of the rise of the land 
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during the post-glacial period has been published from the Bergen area. 
KALDHOL (1941 p. 64) gives the altitude of the Tapes line af Fannebust , 
some 12 km due north, to 10.3 m. While this figure is quite probable, 
it does not help us very much. 

Pollen analyses from the lower part of the supposed magnocaricion 
peat gave an astonishing result: spores of Lycopodium annotinum out­
numbered everything else. The plant community must have been a 
moist L. annotiniim meadow, or perhaps rather a moist forest with L. annoti­
num covering the bottom. This community was later drowned, first by 
a Sphagnum peat with magnocaricion remains (possibly not telmatic, as 
suggested .by the diagram) , and later by a moist Sphagnum peat. The 
increasing wetness in this case is most probably due to blocking of the 
outlet, not to climatic changes. 

Beech pollen appears for the first time at 100 cm, preceded by minute 
quantities in the samples immediately below1 ). The beech curve remains 
uniformly low until the topmost 30 cm, indicating that Poltnesset got 
its present vegetational character very recently, and later than other 
places in the area. 

The earliest Plantago lanceolata pollen grains were observed at 140 cm, 
together with grains of Cerealia type (owing to the vicinity of the sea­
shore I dare not exclude the possibility of Elymus , althougli there are 
very few, if any, suitable habitats for that species just here). At 135 cm 
there were also grains of Rumex subgen. Lapathum, which I have not 
observed here except in connexion with other types of "cultivation 
pollen" . Siibgen. Acetosa is so frequent throughout the whole series both 
in this basin and the other ones, that it cannot be used as a cultivation 
indicator. 

The diagram shows that beech came some time after the area was 
originally settled. As the growth rates of the layers of this deposit are 
so different, it is hardly possible to say anything more about the dating 
here. 

3. Vollom 2). Having exhausted the possibilities offered by regular 
1 ) The sample at 115 cm was abnormal, givin g the following count: P 2½, B 70, A 245 , 

Q 11, Co 31, Gram 7, Vacc 37, Calluna 11, Filic 94, L. onnolinum 73. Afler the co mplete 
count had been interrupted, a partial one was continued, until some 4000 AP h ad been 
seen. Two Fogus pollen grains \\·ere observed, thus giving a percentage of 0.05. As, how­
ever, the local over-representation has m ade all percentages more or less misleading, it 
may be more important to note that there were one grain of Jug/ans and one of Picea in 
the same sample. Even if it is not possible, even under mu ch more favorable circumstances, 
to decide with certainty by m eans of pollen an alys is alone whether a wind-pollinated species 
occurred locally or not, the probability that beech occurred at Lhe 115 cm level must be 
considered very low. And the occurrences at the two following levels, calculated on resp. 
1750 and 1290 AP grains, are hardly more significant. 

2 ) The property boundaries are rather co mplicated and the localities 3 and 4 may 
have been assignee! to the wrong farms. 
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bogs, I had to look for material of less orthodox character, and decided 
to have a try at the raw humus of a moist place in the forest bottom on 
the hill-side leading down to the sea opposite Poltnesset. A not too good, 
rather mixed beech forest covers most of the slope between the present 
road and the sea. The ground is rocky and the soil generally very shal­
low. Field vegetation is comparatively rich, dominated by Vaccinium 
myrtillus etc. 

The site selected for sampling was a ea. 1 m 2 great patch of Molinia , 
within which there was in a single place 36 cm of humus, underlain by 
partly disintegrated boulders. Altitude 32 m , probably below the marine 
limit (the boulders were rounded), but the shore-line passed this level 
long before the period that interests us in this connexion. 

The idea of investigating pollen-analytically forest bottom raw humus 
is not new, and I got my nearest inspiration from similar analyses car­
ried out by Dr. IVERSEN and his collaborators in the forest Draved, Den­
mark. The humus in my samples proved to contain great quantities of 
(in most cases) excellently preserved pollen grains. 

It is obvious that a pollen diagram from a deposit of this nature is 
even more locally influenced than diagrams from small bogs of the Polt­
nesset type. The interpretation of the diagrams must therefore base 
itself upon the assumption that they reflect the vegetational changes 
of a very small area only, a small patch of vegetation subject to all 
kinds of accidental influences. Unnecessary to say, a thorough knowl­
edge of botanical and ecological problems is a conditio sine qua non for 
a sensible evaluation of the data from such diagrams. 

Our diagram from Vollom (pl. XXI) gives a rather uniform picture, and 
there can be no doubt that this raw humus formation is of sub-Atlantic 
age. Also in this case we find that settlement-indicated by pollen grains 
of Polygonum persicaria type, Oerealia, and Plantago lanceolata-starts 
at 32 cm, some time after the commencement of the sub-Atlantic period, 
and that the beech comes at 26 cm, some time later. 

The course of the Fagus curve in this diagram is rather like that in 
the Poltnesset diagram: a rapid recent expansion after a long period 
during which beech was present, but did not occur locally (locally here 
meaning within the nearest 50 or 100 metres). There are some small 
maxima of the curve, but they probably are more or less accidental. 

Even if it has no direct bearing upon the problem of dating the immi­
gration or introduction of beech, it is of a certain interest to analyse 
more thoroughly what has happened to the Vollom diagram site since 
the introduction of agriculture. The NAP curve in the " Total" diagram 
shows that on the whole the hill-side has been forested. There is a small 
NAP maximum at 26 cm, and there is another, more pronounced, at 
12- 20 cm. There are two small Oyperaceae maxima at the beginning and 

D. G. U . lI. rk. , 11r. EO. JG 
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end of this NAP maximum; otherwise t he unchanged NAP diagram indi­
cates that t he maximum is not caused by over-representation of some 
NAP type. It must be due to a smaller production of AP, i.e. to the dis­
appearance of parts of the (flowering) forest. Another indicator of the 
same is the Juniper maximum at 16- 18 cm. Juniper does not flower 
properly in the shadow of a forest, consequently there must have been 
open fields around our locality. Another interesting indicator is Succisa 
pratensis1). 

In western orway t his species scarcely occurs in a natural forest , but 
if t he forest is opened and at the same t ime grazed, it will appear, often 
in great profusion. It belongs t o the normal constituents of pastures and 
not too poor heaths in western Norway (F.A!;GRI 1952 b p.100). I think we 
may consider Succisa in this case essentially a grazing indicator, and the 
t he curve as an indication that the local forest was temporarily de­
stroyed by grazing animals (a sub-Boreal occurrence of Succisa in Skars­
vatnet is not due to grazing) . It should be noted that Succisa appears abun­
dantly in the diagram after t he first , small NAP maximum. At the same 
t ime Q111 virtually disappears . There must have been at least some 
selective clearing of t he forest at 26 cm. As could be expected, the Corylus 
curve is less clear. Apparently Corylus survived t he forest clearings 
better than QM and was finally crowded out by t he advancing beech. 

Whereas all these curves fit into the same general pattern, there is one 
little curve which I cannot interpret at present: the occurrence of Sela­
ginella1). Siiccisa is above all characteristic of acid soil, and t here is 
nothing else to indicate that the soil was not distinctly acid. E xcept 
Selaginella , which is a certain indicator of sub-neutral or at any rate 
not distinctly acid water , and is generally characteristic of slightly 
moister condit ions . A similar, rather paradoxical occurrence of Selaginella 
was met with in Skutlestjern (F;EGRI 1950) , but is was easier to under­
stand in that case . It is conceivable that our little swamp became wetter 
(cp. the following diagram) but I have given up to find an expianation 
of the apparent change of pH. In Skarsvatn some few Selaginella spores 
were found in a similar position. 

The second NAP maximum also includes one sample, 16 cm, with 
lower NAP values. It is very interesting to note that this is due to a 
strong representation of Fagus. Apparently , at t he border of this open or 
half-open grazing ground a beech has been able to establish itself near 

1 ) In the di agram Succisa (like Selaginella) is r ep resented in percentages o( a tota l 
consistin g o( AP, ordinary NAP, en tomogamous spec ies, a nd spores . In order lo check 

that the Succisa curve is not a function o[ forest density, I h ave also calcula t ed 
S uccisa in per cent o[ NAP + cntomoganou s- with the sa me result, a pa rt from a more 
exaggerated max imum in the lower part.- In forest bottom di agrams fern spores p lay a 

ve ry great part. As th ey are without a ny relevance to our probl em, I have not inclu ded 

them here. 
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our locality. But the beech forest did not establish itself until the final 
establishment at 10 cm. It should be noted t hat when t he open vegeta­
t ion was again replaced by forest, it was replaced by the present beech 
forest. 

4. Bakjevold. A fourth locali ty has also been investigated , rather acci­
dentally at first . Waiting for a foresters' excursion to arrive to the beech 
forest area, I chanced upon a narrow valley or rather a gorge running 
in t he general NW- SE direction. The bottom of t he gorge sloped a little 
towards NW and SE, thus forming a pass , t he highest part of which 
was approximately horizontal for 30 m. Breadth: 6 m. Some birches filled 
t he gorge, with a soft carpet of Polytrichilm commune in t he bottom. 
The rock rib to t he northeast of the locality was covered by a low birch 
forest with scattered small beeches. This forest connected with t he main 
beech forest, otherwise t he locality was surrounded by hay-fields. 

The humus layer proved to be exceptionaUy deep. As I had only a 
small spade, I could not reach further down t han 45 cm. As the analysis 
of this deposit gave rather interesting results , I later tried to supple­
ment the series down to the bottom, which t he Hiller sampler reached 
at 95 cm(!). 

The deposit , especially the lower part, was dark brown to blackish, 
greasy without recognisable vegetable remains. By boiling with KOH 
it dissolved completely , leaving practically nothing but spores and pollen 
grains. 

The diagram (pl. XXI) shows extreme variations, as one might expect 
where local influence is as dominating as in this place. 

The B etula maximum at 50 cm was originally interpreted as being 
identical with part of t he Betula-dominated top of the diagram , and an 
overlap was presumed. However, a third visit to the locality gave a 
second series which was continuous down to 60 cm. The samples were 
collected by digging , and at the same time a check was made t hat the 
original stratification had not been disturbed. This second series, which 
is not reproduced here, gave the same B etilla maximum in t he same 
position. 

The diagram is characterised by very high QM values , higher than 
any ones previously observed in western Norway wit h the exception of 
the oak forest bottom of B0, J reren (F.m;GRI 1940, pl. IV). The Tilia 
values are very high , and there can be no doubt that the immediate 
surroundings of the gorge were covered by an almost pure QM forest, 
at times with very great proportions of lime. Now, one might imagine 
t hat such a local QM dominance might occur at favourable periods of the 
sub-Atlantic Age, but I find it extremely difficult to conceive such a 
rich lime forest in these poor surroundings . It should be remembered 
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that in the very favourable SW-exposed steep hill-side above 
Skarsvatnet, Tilia was far from common even during period VIII. 

A closer examination of the bottom of the diagram reveals the follow­
ing sequence: B etula-Pinus-Alnus- QM, and within the QM: Ulmus 
-Tilia-Quercus. Even if the QM comes a little earlier in relation to 
the Alnus maximum than one would expect, the similarity between these 
sequences and those of zones V- VIII both in Skarsvatn and in other 
diagrams from western Norway, is so striking that I cannot escape the 
conclusion that our deposit dates back to the end of the Boreal period. 

But one problem remains: the location of zone transition VIII- IX. 
The obvious place to look for it would be at 30 cm, where Querciis gives 
way to B etula. Whereas I still dare not exclude this possibility, there 
are a few features that do not fit in too well with such an interpretation. 
E.g. we find quite substantial representation of cultivation pollen all the 
way down to 30 cm, which is not in accordance with such a dating- if 
we presume clearance to have taken place ea. 1000 years later. If we 
presume a hiatus in the series , it would account for the discrepancy, but 
we may also explain the observation by the assumption that the zone 
transition is to be placed at 50 cm, and that the second QM maximum 
(with comparatively little Tilia) represents a favourable phase of the 
sub-Atlantic period, such as the Roman Iron Age (cf. F1EGRI 1940). 

In the absence of archaeological evidence it is not easy to find out 
about this, but I have tried to follow the curve of the long-distance trans­
ported sub-Atlantic flora elements, Picea, Fagus , and Carpinus. Previous 
investigations (F1EGRI 1950) have shown that there is a rather consistent 
incidence of these pollen types during zone IX, with a small maximum 
near the zone transition. In the southernmost part of Norway, close to 
the Middle European areas of these species, values are comparatively 
high. In western Norway they are much lower, but it will be seen that 
there is a consistent representation all the way down to 55 cm. The 
figures quoted in the QM diagram are based upon a calculated AP total 
of 3000- 3500 per spectrum. 

There is an apparent drop of the values at 30 cm, but this is not real. 
Logically it is wrong to calculate long-distance pollen as part of the 
AP-its incidence is inversely proportional with the density of the forest , 
and it should therefore be calculated with the NAP, which is also an 
inverse function of the density of the forest . It will be seen that in spite 
of the rather great statistical uncertainly the Fagus values in relation to 
NAP between 30 and 55 cm are very constant, with a maximum at the 
bottom. If we accept the zone transition of 50 cm, the upper QM period 
should probably correspond to the Roman Iron Age, and comes to an 
end at the beginning of the cultivation period, either for climatic reasons 
or because the oak forest was cleared away. The consistent cultivation 
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pollen curve begins here , in accordance with archaeological data (oldest 
finds from the Migration Period) . And we further see that Fagus appears 
a short time later. The very small number of cultivation pollen met with 
further down (counted with Fagus etc.) are such as we may expect some 
distance away from the cultivation centres-which must have existed 
in different places in Nordhordland. 

It is rather unexpected to find a forest bottom soil which has been 
accumulating more or less constantly since the Boreal period. I do not 
know any similar case from literature (cfr. FIRBAS & BROIHAN 1936). 

The upper part of the deposit has a lighter brownish colour and the 
texture is a little coarser, not as smeary as in the lower part. After KOH 
treatment the microscopic picture shows some more vegetable debris 
than further down. There are also some very interesting micro-fossils 
in this part, viz. Desmidiaceae and copepod spermatophors. They have 
been entered in the diagram together with Sphagnum spores, calculated 
on a total basis , including entomogamous species, spores, and desmids 
and spermatophors. The desmids were mainly Euastrum species, orga­
nisms that are for their subsistence dependent on open water. Thus we 
find that during the later part of the sub-Atlantic period the ground 
has been very wet , and has dried up only recently as an effect either of 
climatic changes or cultivation measures. Compare the dominance of 
Cyperaceae in the NAP diagram. It is significant that the desmids, de­
manding greater moisture, appear after the Cyperaceae. Sphagnum and 
spermatophores show similar curves, even if their occurrence is less 
striking than that of the desmids. 

Generally a deposit of 95 cm would be considered as a peat. However, 
the microscopic picture indicates that the mother-formation for a greater 
part of the period was not what we would consider a bog. Even in the 
uppermost part containing desmids , the remains of bog plants are far 
from mumerous. However, between 5 and 20 cm we may consider the 
deposit a highly humified peat. The rest is a forest bottom humus.-It 
should be noted that these forest humus deposits differ very much e.g. 
from those discussed by TRAUTMANN (1952) by containing no minero­
geneous matter. Thus we may conclude that no rain-worms have been 
active, which is, of course, a very important point when diagrams are 
to be used in analysis of vegetational history. 

Discussion. 

By extra-ordinary misfortune none of the four diagrams reproduced 
here gives fully adequate possibilities for dating the beech forest. In the 
Vollom diagram we may have lost the beginning of zone IX. In Skars­
vatnet we did not catch properly the beginning of the beech curve, and 
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at Poltnesset again we have the difficulty that the growth rate of the 
deposit has been very variable. The B0kjevold diagram gives the best 
dating, but the foundation of the dating is not as strong as one might 
have wished. 

Two points are at any rate indisputable: 1. The beech immigrated 
during the sub-Atlantic period, thus very late, as conceived by both 
HoLMBOE and H0EG. 2. The beech came to the region after the establish­
ment of agriculture. Also we know 3. that it must have been there in 
1611. These are the dates , the rest must perforce be conjectural. 

A direct calculation from the Vollom diagram, presuming constant rate 
of growth and beginning of the diagram 2500 years ago, would give us 
A. D. 200 for the fist appearance of beech. The calculation is obviously 
erroneous, giving too old date because we probably miss the oldest parts 
of the period, and because the growth of the deposit was more rapid in 
later years. However, it may serve as an indication of the oldest possible 
date. 

If we now return to our archaeological data, we possess no finds older 
than the Migration Age, ea. 500 A. D. If this means that the region was 
not settled before that time, we have a very useful indication level in 
our diagram, viz. the beginning of the cultivation curve. In that case 
the beech must be younger than the date mentioned. On the other hand 
it should not be much younger, which would give us a time interval 
between 500 and 1000 A. D. 

The problem of the origin of the beech growing in such an isolated 
position also presents itself. The possibility of natural dispersal has 
been discussed, even if most investigators have considered it rather im­
probable. The only possible means of transportation would have been the 
sea, and we possess evidence of dispersal over similar distances (e.g. 
Euphorbia palustris at Fedje, FJEGRI 1952 a). In that case one should 
expect a gradual dispersal from the sea-shore. As we have seen, this is 
not the case: the sea-shore diagrams (Poltnesset , Vollom) indicate that 
beech grew somewhere else in the region before establishing itself in 
these places. One should expect the same to be the case if beech seeds 
had been transported by man more or less accidentalJy, e.g. some kind 
of packing material in Viking ships. In the B0kjevold diagram there is 
no " tail" to the Fagus curve, and, if we presume that the registration is 
continuous, this may be taken as an indication that beech started here. 
The extremely local character of the diagram should be kept in mind. 
If, however, beech started at B0kjevold, the conclusion seems inevitable 
that it was originally planted. And it is difficult to assume that planting 
was not intentional. 

We do not know whether planting was made for aesthetic purposes or 
for utilitarian ones . One may ask if beech should have such practical 
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advantages that it would be an inducement to introduce the tree. As 
swine-fodder its nuts are not superior to those of the indigenous oak, 
and to a modern mind practical reasons do not seem to be very strong 
for planting the tree. Things may have appeared in a different light 
then, and we should not , I think, underrate the sentimental factor. 
Anyhow, the purposeful planting of a tree like beech, which does not give 
any material dividend for years and perha ps not within the life-time of 
the person who planted it , throws light on an unexpected side of the 
character of our forefathers. 

W e possess one curious evidence that people have been interested in 
our beech occurrence, viz. the old skiprede-name1 ) Olendefit , covering 
just the area around Lygrefjorden . The name refers to the shore-bar 
connecting Poltnesset with the mainland (BULL 1920 p. 123, LITLESKARE 
1925) , present n ame F etre or Alfetre. This marks Olendefit a rather unique 
exception among the skiprede-names in western Norway , which were 
generally t he " name of the fjord around which the skiprede is sit uated , 
t he valley or island of which it consists , the farm t hat is most centrally 
sit uated " (BULL l.c.p. 142 orig. Norwegian). But Fetre is neither, it 
is just a shore bar with good accomodation for a boat-house (about 
which there are to-day traditions cf. LITLESKARE l. c.p. 11) . One should 
have expected a name like Lygra or Seim skiprede. 

Even if Fetre provides a good site for a boat-house, t here certainly are 
other places within the district where the boat-house could be erected 
e.g. at Seim. The skiprede institution in western Norway goes back to the 
reign of H akon the Good (ea. 950, cf. BULL Le. p. 38) , and when H akon 
prefered to name the skiprede not after his own residence, but after 
Alfetre, it indicates t hat this place was of importance, greater than that 
provided by its central position. Perhaps the passage through Skaret 
comes in here again. 

As a name Olendefit has a special interest for our problem, because 
LITLESKARE has derived it from olden = oak or beech nut s, and main­
tains that " beech (and oak) leaves and nuts in the autumn drifted down 
the brook and at high tide was washed in heaps on to the shores of Fetre" 
(l.c. p . 11 , orig. Norw.) I have not seen beech nuts being washed ashore 
at F etre (because very few nuts were produced last year) but at a visit 
in December 1953 I found a solid mass of beech leaves along the shore , 
and n ew ones were contantly brough down by the little brook from 
Skarsvatnet. Our foremost authority on place-names, professor MAGNUS 
OLSEN, has kindly informed me (in letter) that he finds LITLESKARE's 
interpretation acceptable. 

The next question is whether olden in this case would mean oak or 
1J The skiprede originally co mprised th e a rea prov iding one ship for th e militia, later 

it became an administrative unit in t axa tio n etc. cf. BULL 1920. 
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beech nuts. According to the pollen diagram, oak has not been parti­
cularly abundant, even if the Skarsvatn early sub-Atlantic percentages 
are a good deal higher than the present ones. But I do not think it prob­
able that there should have been such an abundance of nuts of the rather 
commonplace oak as to give a name to the shore bar. If we then assume 
that the first part of the skiprede name conceals the more exotic beech, 
we must also assume that beech has been comparatively well established 
when the name was given to the skiprede, and that it occupied a promi­
nent place in the minds of those who gave the name. 

However, these observations can hardly be used for dating our beech 
forest. Even if the skiprede organisation goes back to ea. 950 A. D., we 
have no guarantee that the names have not changed later1 ).- To this 
comes the additional uncertainty if the first part of the name really refers 
to beech. 

Discussing the possible origin of the beech forest it is tempting to men­
tion ( as has been done before) that there is only a distance of 3 km from 
B0kjevoll to Seim (Sreheim), one of the royal residences during the late 
9th and early 10th centuries (Harald Harfagre's saga, chapter 38). Even 
if we should not forget king Hakon Adalsteinsfostre and his connexion 
with the royal house of England, we should perhaps stress even more 
that the Norwegian royal family descended from Vestfold, the centre 
of beech in Norway. 

It is noteworthy that evidently the horticultural standard in Vestfold 
was very high. In the Oseberg find (9th century) we have remains of a 
great number of cultivated plants (HOLl\iBOE 1920). Perhaps even the 
famous walnut-shell came from an indigenous tree. In the Oseberg find some 
wooden objects were made from beech (H0EG I.e. p. 162), which (according 
to unpublished investigations by Miss KARI EGEDE LARSSEN) grew 
plentifully in parts of Vestfold at that time. So beech was well lmown 
to the V estfold kings as a useful tree. 

Planting of beech may have been a link in a greater plan, initiated by 
the King, or a courtier (hirdmann) may have had his private lot at 
B0kjevold , and for utilitarian or sentimental reasons introduced the tree 
from his native region.-So perhaps we may return to WuLFSBERG's 
concept of " a bearded Viking in a generous mood" planting our beech, 
whether he had fetched his seeds in Vestfold, in Denmark or elsewhere. 
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Norsk resume. 

1. Poll enanalytiske undersokelser av 4 avleiringer i og n rer bokeskogsomradet 
i Alversund nord for Bergen v iser at boken forst kom til omradet etter at 
akerbruket var begynt. 
2. D e eldste arkeologiske funn i omradet kan dateres til ea. 500 e. Kr. 
3. Bokens ankomst kan sannsynligvis settes til en gang i tiden 500-1000. 
4. D e eldste bokeforekomstene synes a ligge et stykke fra kysten, det anlas 
derfor at boken oprinnelig er plantet. 
5. Dct er n rerliggende a h envise til en mulig forbindelse mellom bokeskogen 
i Alversund og den nrerliggende kongsgarcl pa Seim, og til clet forhold at 
ynglingeetten kom fra Vestfold der boken pa det tidspunkt var vel etablert. 
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Abstract. 

Since the publication in l 923 of DET DANSKE MARKUKRUDTS 1-11sTORIE by 
KNun JESSEN and JENS LIND much work has been done towards the elucida­
tion of the interdependence between man and plants in prehistoric Denmark. 

This paper deals with the results o[ the investigation of carbonized plant 
material and the stomach contents of bog corpses m ade available and dated 
by archaeology during the last three decades. The species established in fift een 
prehistoric finds arc put together in the list, excepting the cereals wl1ich arc 
mentioned in the notes concerning the archaeological contexts. 

The publication about three decades ago of the first comprehensive 
survey of the history of the Danish field weeds (KNUD JESSEN and J E s 
LIND 1922- 23) was a milestone in the research dealing with flora history. 
It is an elaborate compilation of facts as recorded by the classical writers, 
the mediaeval patres, and scholars of more recent times, supplemented 
by information derived from early herbaria. To this fund of knowledge 
were appended the results of recent investigation of bog fossils, mediaeval 
midden deposits , and a few cases of carbonized plant remains from ar­
chaeologically dated prehistoric sites. Even after the elapse of more than 
thirty years this work remains an indispensable guide to the student of 
the history of the weeds. 

However , since that time Danish science has made great advances in 
probing into the history of the flora. The new science of pollen analysis , 
introduced into this country by K NUD JESSEN (JESSEN 1920), and greatly 
enriched by himself and his associates, has contributed very considerably 
to our knowledge of the development of the flora since Denmark first 
became inhabitable to plants. 

Carbonized plant remains and imprints of grain and seeds in baked 
pottery, made available and dated by archaeology, are other sources 
which were exploited by KNUD JESSEN, and more recently also by hi s 
collaborators, and which have added to the general picture of the flora of the 
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past, principally t hat of t he arable land, weeds as well as cult ivated plants . 
Less frequent , but no less importan t , is material derived from the 

stomachs of the prehistoric corpses found preserved in the peat of the 
bogs. H ere we may gain information not only of the vegetation of the 
cult ivated soil , but also of other types of stations, and, wha t is of special 
interest, we obtain a singularly int imate insight into t he role played by 
t he gathering of vegetable food at a t ime when agriculture was already 
long established in t his country and might have been expected to cover 
t he needs of t he population. 

This line of research , t he ult imate goal of which is t he elucidation of 
t he symbiosis between man and plant, based upon archaeological evi­
dence, will here be referred to as archaeobotany. 

To m ake available in one place all the dated ident ifications, accom­
plished by this discipline since t he appearance of J ESSEN & LIND 1922- 23 , 
is t he m ain purpose of t his communication. 

The origin of t he material and t he methods of the t wo branches of 
research , pollen analysis (combined wit h t he study of macro-fossils) and 
archaeobotany , are normally very different , and since t heir results cover 
different areas they supplement each other in a most harmonious way. 
Whereas pollen analysis picks up the t racks of t he flora following t he 
recession of t he glaciers , archaeobotany can seldom obtain material 
earlier than t he introduction of agricult ure. However , even when t he 
t wo branches cover t he same period their results may take different 
forms . Pollen analysis is able to draw up a very extensive picture of the 
prehistoric flora, comprising t rees, shrubs, and herbs, and t hus on t he 
one hand delineate t he natural background of t he existence of m an , and 
on t he other indicate the effects on t he spon taneous vegetation of t he 
activit ies of man (I VERSEN 1941). To t he archaeobotanist is left t he task 
of pointing out which species were exploited by man, gathered in t he 
wood or meadow for technical or nutritional purposes , directly cult ivated, 
or gathered for additional food on t he fallow field and elsewhere, as 
evinced by archaeological con texts. 

In certain cases the pollen itself does not permit discrimination be­
t ween the species within a genus, or perhaps not even the genera wit hin 
a family. Very often t he seeds or fruits are distinctly different in genera 
t he pollen of which is indistinguishable, and t his is where archaeobotany 
may add to t he general conclusions. This is especially applicable to t he 
cereals; for t he pollen shape of t he different cereals is , with the excep t ion 
of rye, rather alike, and in fact indistinguishable from t hat of several wild 
grasses, while t heir fruits and inflorescence parts may permit satisfactory 
ident ification of species and, sometimes, variety, even when in the car­
bonized state. The same situation is met with in ot her sections of the flora . 

This paper deals m ainly wit h t he carbonized material and the three 
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bog corpses which are at present available, identifications of imprints 
being only mentioned in isolated instances. The general investigation of 
grain imprints in Danish prehistoric pottery, carried out by SARAUW, 
JESSEN, and HELBAEK, is well advanced, but still far from complete 
(HATT 1937). 

In prehistoric times, as to-day, life was to a very large extent dependent 
upon vegetable matter, for food as well as for technical purposes. Here 
we shall, however, disregard vegetable raw material used for construc­
tion, except that the thatch from Fjand is included in the plant list and 
deserves mention because it proved to consist partly of the threshed 
plants of species which were habitually gathered, primarily for their 
edible fruits and seeds. 

The identification of these carbonized masses of stems and leaves is 
in many cases quite impossible, but when the seeds and fruits of the 
cereals , the Polygonaceae, Chenopodium, and Spergula are encountered 
among the burnt thatch we may conclude that they could only have got 
there still adhering to the mother plant. Incidentally, the thatch from Fj and 
consisted mainly of the vegetative parts of dune and shore vegetation, 
judging by countless fragments of the characteristic leaves and fruits 
of Ammophila, the fruits of Carex arenaria, and unspecified seeds of 
Juncus. These three plants are entered in our plant list, but they did 
not occur in connection with food remains. The plant list for Aggersborg 
also comprises species which were obviously used for thatch or wall 
lining (JESSEN 1954). 

The results of the botanical investigation of some of the finds mentioned 
in the following archaeological notes have already been published, others 
are here touched upon for the firl?t time. The Vallhagar find is included 
on account of its geographical affinity to the Bornholm deposits. In spite 
of a conspicuous difference between the plant list from bsterbi:ille, pub­
lished in 1938, and the present list, the material is the same, only it was 
· recently re-examined with application of better optics and advanced 
methods. Several species which were already then suspected, but not 
published for lack of certainty, have been met with in other finds and 
their identity confirmed. The writer is pleased to take this opportunity 
to correct an earlier error ; the pale remains from Tollund originally iden­
tified as Setaria pumila (HELBAIK 1950) have proved to belong to Echino­
chloa crus-galli. 

The following notes record the essential facts concerning the archaeo­
logical finds which have provided the material contained in the plant 
list. The finds are listed according to the prehistoric period to which they 
have been referred archaeologically. The Early Iron Age finds are not 
in chronological order since it is at present impossible to establish their 
precise relative age. 
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The Grauballe corpse is not dated at all, but it seems reasonable to 
refer it roughly to the same period to which the two other corpses are 
dated, and it has therefore been put down along with them. 

Regarding the actual date of the material it would suffice to remember 
that the pre-Roman Iron Age (PRJA) is considered to last from 500-
400 B. C. up to the beginning of our era, The Roman Iron Age from 
about the birth of Christ to about 400 A. D. , divided into an earlier 
(ERIA) and a later (LRIA) phase, approximately equally long. The two 
centuries following are designated as the Early Germanic Iron Age 
(EGIA). The Viking Period (VP) , to which Aggersborg is assigned, com­
prises the two last centuries of the first millennium A. D. 

In the plant list the periods are abbreviated as above in brackets; 
EN means Early Neolithic (Dolmen Period), MN Middle Neolithic 
(Passage Grave Period) , and EBA Early Bronze Age. 

The main cereals are not entered in the list, but their occurrence is 
mentioned in the archaeological notes. 

Barkmr. 

Extensive habitation site of the Early Neolithic, situated in a sandy 
locality on the shores of Kolindsund, a narrow sound dried up in recent 
times, which cut through the peninsula of Djursland in eastern Jutland. 
Excavated by the National Museum (P. V. GLOB) from 1930 to 1948. 
(GLOB 1949). 

No carbonized material was recovered, but, judging by a few imprints, 
Emmer and barley were cultivated. Here was found the only imprint 
of Allium ursinum hitherto identified. (Pl. IX, fig. 1). 

Bundso. 

Large occupation site of the Middle Neolithic in the island of Als , 
close to the eastern shore of southern Jutland. The excavation was 
carried out from 1928 to 1935 by HELWEG MIKKELSEN and the National 
Museum (T. MATHIASSEN). Eincorn, Emmer, Bread or Club wheat, and 
barley were identified. (MATHIASSEN 1939, JESSEN 1939). 

N orre Sandegaard. 

In northern Bornholm, in a sandy locality, traces of human activity 
were investigated between 1948 and 1951, indicating intermittent occu­
pation from the Maglemose to the Viking Period. In the course of the 
excavation, carried out by the National Museum (C. J. BECKER), two 
shallow pits were encountered among numerous disturbances of the 
surface of the subsoil, containing carbonized apples , Emmer, Eincorn, 
Bread or Club wheat, and barley. 

The actual date of the plant material is as yet undecided, but being 
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sealed by an Early Bronze Age paving it must be of that period or 
earlier. (BECKER 1951 a, HELB.MK 1952). 

Garding. 

H abitation site dated to the second phase of t he pre-Roman Iron Age, 
situated in t he sandy tract at the estuary of Storaa and Damhusaa, at 
the east ern shore of Nissum Bredning in north-western Jutland. Excavated 
in 1949 by the National Museum (KNUD THORVILDSEN). Carbonized 
remains of a meal were found in a pot, consisting of barley and weeds. 
(BECKER 1951 b , HELBlEK 1951 b). 

B orremose. 

Corpse of a man of the Early Roman Iron Age, found in a peat bog in 
northern Jutland, in 1946. Small amount of stomach content was recov­
ered. Dated by pollen analysis (ALFRED ANDERSEN). No cereals identified. 
(THORVILDSEN 1947, BRANDT 1950). 

Tollund. 

Corpse found in 1950 in a peat bog near Silkeborg in central Jutland. 
The date is not archaeologically established, but on the basis of the 
stomach contents it is estimated to be roughly contemporary with the 
Borremose corpse. The stomach was absolutely sealed, and the whole 
content was part of t he last meal. Of cereals only barley was identified. 
(THORVILDSEN 1950, H ELB.MK 1950, 1951 a). 

Grauballe. 

Corpse found in 1952 in a bog in t he vicinity of Tollund bog, and 
presumably not earlier than the two above mentioned corpses. The rather 
extensive stomach content consisted of Spelt, Emmer? , and barley. 

The investigation of the stom ach content is not quite complete, and 
the find has not been published. The writer is grateful to Forhistorisk 
Museum, Aarhus, and to P. V. GLOB , for permission to mention his own 
findings up to now. 

A lrum. 

Burnt house of the Early Roman Iron Age, situated in the sandy 
tracts near the west coast of central Jut land, excavated in 1939 by 
GuDMUND HATT and H ANS H ELB.MK. 

Very large amounts of carbonized cereals were recovered, comprising 
barley, oats, and Bread or Club wheat. Of particular interest was a heap 
of fruits of Polygonum lapathifolium, amounting to about one litre, 
evidently gathered separately for food. (HATT 1940, 1941 , 1943) . 
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FJAND. 

L arge village, obviously established late in t he pre-Roman Iron Age 
and continuing its existence some time into t he Early Roman Iron Age. 
The material of our list comes from houses of its later phase. Excavated 
by CuDMUND H ATT from 1934 to 1940. The site stands near the southern 
shore of Nissmn Bredning in north-western Jut land, in a very poor, sand­
drifted locality. The main crops were barley and oats; rye occurs sporad­
ically among the 15- 16 litres of carbonized grain. A heap of over one and 
a half litre of pure Chenopodium seeds was recovered, demonstrating the 
sep arate gathering (or cult ivation ?) of t hese seeds for food. (HATT 1940, 
1941, 1943) . 

The writer wishes to convey his tanks to GuDM:UND H ATT for permis­
sion to publish separately his own observations on t he plant material 
from t his site :md Alrum. 

Gindernp. 

Village not far from the we t coast of Thy in northern Jutland, ex­
cavated from 1922 to 1929 by t he National M11 seum (HANS KJJER) . In 
a burnt house of the Early Roman Iron Age considerable quantities of 
carbonized barley, oats, and seeds were recovered. Here for the first 
time in Denmark deposits of prehistoric Camelina and Spergula seeds 
were found. (It should be mentioned that since then it has been discovered 
t hat Camelina and Spergula were introduced into Denmark during the 
Late Bronze Age and the pre-Roman Iron Age respectively). (KJJER 
1925, 1928, 1930. JESSEN 1933). 

Osterbolle. 

Burnt house of a village of t he Early Roman Iron Age excavated in 
1936 by GunMUND H ATT, in the moor country of Himmerland in north­
ern Jutland. L arge amounts of carbonized barley, linseed, and Camelina 
seeds, as also some rye and oats , were recovered. The plant material was 
recently re-examined and the list of species extended. (Evidence of t he 
cultivation in t he Late Bronze Age of flax has since t hen been gained 
from imprints). (HATT 1938. HELBJEK 1938). 

Dalshoj. 

A burnt house dated to t he Early Roman Iron Age, situated in fertile 
land in eastern Bornholm. Excavated in 1950 by the National Museum 
(0. KLIND'l.'-JENSEN). About 30 litres of carbonized cereals were recovered, 
mainly Emmer, Eincorn? , and barley. (KLINDT-JENSEN 1951). 

The writer wishes to extend his t hanks to the excavator for permis­
sion to report on the plant material from t his site and Sorte Muld. 
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Fredso. 

Ruin of a burnt house of the Late Roman Iron Age excavated in 1928 
by the National Museum (G. HATT) in the island of Mors in northern 
Jutland. 

KNUD JESSEN identified wheat and barley (HATT 1931). 
After the publication of the find the present writer found a pea in an 

earth sample from a post hole at the site. Since this is the only Danish 
find of an actual pea seed of prehistoric times it is entered in the plant 
list. 

Vallhagar, Gotland. 

A house of a Late Roman Iron Age village, destroyed by fire , 
excavated between 1946 and 1949, under the direction of Marten Sten­
berger, Uppsala. Per Lundstrom was responsible for the excavation of 
the particular house containing the grain. The carbonized cereals con­
sisted of Eincorn, Emmer, Spelt, barley, and rye. (STENBERGER et al. , 
in press. HELBJEK in press). 

Sorte Muld. 

Burnt house of the Early Germanic Iron Age excavated in 1949 by the 
National Museum (0. KLINDT-JENSEN) in the same general area as Dals­
hoj . Only a very small amount of carbonized plant remains was recovered, 
dispersed all over the floor, but the find belongs to the richest on record 
as regards the number of species involved. Bread or Club wheat, barley, 
rye, and oats were identified. (KLINDT-JENSEN 1951). 

Aggersborg. 

Village of the end of the first millennium A. D. , found beneath the 
Viking Period military camp of Aggersborg on the northern shore of 
the Limfjord in northern Jutland. Excavated in 1949 by the National 
Museum (C. G. SCHULTZ). Carbonized plant remains were found in nu­
merous refuse pits, comprising barley, oats, and rye. (SCHULTZ 1949. 
JESSEN 1954). 

No claim is made that the plant list given below is complete with 
reference to the botanical material upon which this paper is based. In 
the unpublished finds more identifications may be anticipated before the 
work is finished, but since in living science no specific situation can 
ever be final we may as well include all that is known at present. 

In order to give the reader an impression of the unique state of pre­
servation of the stomach material some of the grass florets from Grauballe 
are illustrated in Pl. IX. Here the imprint ofAlliumursinumis also depicted. 



:D. G. U. II. R. Nr . 80. (Hans Helbrek) Plate IX 
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Plant List. 

one or a few specimens 
many specimens 

( 1) genus, but not species ascer-
tained 

very many specimens 

LocaliLy (see pp. 253- 6) 

Period (see p. 253) 

Ranunculus acris L. . ... . .. . .. . 

Ranunculus repens L. ..... . .. . . 

Fumaria of{icinalis L. ........ . 

Brassica campeslris L. .. . . . . . . . 

Sinapis arvensis L. .... . ...... . 

Raphanus raphanislrum L. .... . 

L epidium campeslre (L.) R. Dr. . 

Lepidium lali{olium L. .. . ..... . 

1 salis lincloria L. ... . . ... .. . . . 

Thlasp i arvense L ............ . 

Capsella bursa-pasloris (L.) 

l\loench ...... . . ........... . 
Erysimum che iranlhoides L .... . 
Camelina linicola Sch. e t Sp . . . . 

Viola canina L. .. .... ... ..... . 

Viola arvensis l\lurr ........... . 
Hypericum per{oralum L. ..... . 
Silene sp .............. ... . . . . 
Melandrium sp ... . . ... . ... ... . 

Agroslemma gilhago L. ........ . 

Ceraslium caespilosum Gilib . . . 

Slellaria media L .... . . ...... . 
Slellaria graminea L. ........ . . 

Spergula arvensis L. . ... . ... . . . 

Sc/eranlhus annuus L. ........ . 

Monlia lamprosperma Cham . . . . 
Chenopodium album L. .. . ..... . 

Chenopodium sp .. . . ...... .. . . . 

Alriplex palula L. ............ . 

Lin um usilalissimum L. ....... . 

Geranium pus ilium Burm . .. . . . . 
Tri{olium pralense L. .... . ... . . 

Tri{o/ium arvense L. . ..... .. . . . 
Tri{olium repens L .... . . . .... . 
Tri{olium c(. dubium SibLh .... . 

Vicia lelrasperma (L.) Moench . . 
\ ' icia hirsula (L.) Koch .... . . . . 

Vicia cracca L .. . ... ........ . . 

D. f'c. l:T. TT. rk. , nr. ~O. 

= identification uncertain 
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w ..,.. w 0. w w w w w w w

1
w ..-1 w ;:., ~ 

Vicia anguslifolia L. ........... I 
I I I I I 

I . .. 
Pisum salivum L.1) . . . . .. .... . . 

I I I Rubus ideaus L. .. .. . . .. . ..... 
1 ··· 

I 
Polen/ilia anserina L. .......... ('?) I 

Polen/ilia argenlea L. ... .. ..... I . 
I 

I Polen/ilia erecla (L.) Hampe .... I 
Aphanes arvensis L. . . .. . . .. ... 

I I I I 

I 

Cralaegus sp ..... . .... .. . .. ... 
I 

I Pyrus ma/us L. .... . .......... 

I 

.. . 

I 
Daucus ea rota L. .... . . . ... ... . I 

Euphorbia helioscop ia L. .... . .. 
I I 

.. 
Polygonum aviculare agg . .... . . 

I . .. 1.:. 1 ... 
... . . . . 

Polygonum lapalhifolium agg. 2). ... ... . .. 
· · · 1 • · · 

. . (?)1 ·· · ... 
Polygonum persicaria L. . ...... . . . . . .. 
Polygon um hyclropiper L. . . .... . 

I . . . I . I .. Polygon um convolvulus L. ...... . . ... . . . . . . . .. . .. . . 
Rumex acelosella L. ..... . . . . . .. ... ... . . . . 
Rumex acelosa L. . . . . .. . ...... 

I 

( ?) 
I("?) I 

Rumex cr isp us L. . . . . . . . . . . . .. 

I 

( ?) 

Rumex oblusifolius L. . ... . .. . .. . . 
Myrica gale L. ... . ... . ........ 

I I Oxycoccus quaclripelalus G ilib ... 

I I Myosolis arvensis (L .) Hill ..... 

I 
Solanum nigrum L. . . ....... .. . 

I 
. · 1 

I 
Veronica chamaeclrys L. .... . . .. 

I I I 
Veronica serpyllifolia L .. . ...... 
Veronica polila Fr .......... .. . 

I 

. . 
Rhinanllws c{. minor L. . .. . .... 
Odontiles rubra Gilib . . . .. . ..... . .. 
Men/ha arvensis L.3) ..... .. .. .. . .. 
Brunel/a vulgaris L. . .... .. . . .. . . 
Slachys arvensis L ........ . .... 
Lamium sp .................. . 
Galeopsis ladanwn L. .... . .. . .. . . . . 
Galeops is lelrahil agg. 4) . .•.•..• 

I 1 ·- · 1-:-:- , 

. . 

I 

. . . .. . . ( ?) 

Plan/ago lcmceolala L. ....... .. 

I 
Plan/ago major L. ............. 
Plan/ago cf. coronopus J •..... .. . 
Galium paluslre L ... ... . . ..... 

I 
Gali um spurium L. . ...... . . . .. 

I 

. . 
1 ·:· 

... 
Galium aparine L. .. .. . .... . .. 

I Achil/ea millefolium L. .. . .. .... I 
I Malricaria inodora T.. ........ • . 

I 
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Chrysanthemum leucanlhemum L. 
I 

I 

I 

I I 
.. 

Ariemisia vulgar is L ... ... . . . . . 
I A riem isia campesiris L . .. .. . . . . 

I Circium c{. heierophyllum (L.) 

I I 
Hill ........ . . ... . ... . ..... 

I I Lapsana communis L. ......... 

I 
I 

Leonlodon aulumnalis L. . ... . . . 

I 
I Sonclws asper (L.) Hill . ... . ... 

I I Sonchus oleraceus L. . . . ........ 

I I Hieraciwn umbel/alwn L. . .. . . . 

I 
I Crepis cap illar is (L. ) W allr .... . 

I I Crepis leclorum L. ...... . . .. . .. 

I I I 
.. 

I Alli um ursinum L. ............ I 

I 
Juncus {ili{ormis L. .... ....... . . 
Juncus spp . . ......... .. . . . . .. 

I 

I 
I 

.. . I 
Luzula campeslris (L.) DC ..... . 
H eleocharis paluslr is (L.) R. Br. ( ?)I . .. 
Scirpus iabernaemonlani Pall a . . 

I 

. .. 
Scirpus sp . . ... .. .. .... . .. . .. . 

I 
Carex arenaria L .... ... .. . ... . 

I 
I 

... 
Carex spp ......... . ...... . ... 
Phragmiies communis Trin .. . .. . 

I 
Molinia coerulea (L.) Moench .. 

S ieglingia decwnbens (L.) Bernh . . . 
Loliwn perenne L. ........ . . . .. ( ?) ... . . . . .. 
Loli um remoium Sehr . ..... .. .. ( ?) ( ?) 

Poa nemoralis L ....... . ... . ... 

I I 
P oa sp ........ .. ..... ... .. . .. . . 
Brom us moll is L. .. . . . ... . . ... . 

I ... I Bromus sp . . ..... .. . ..... .. . .. . . ... . . . . . . 
Agropyron caninum R. et S .... 

I 

Avena {aiua L .... .... .. . . . . . . ( ?) ... ... 
H olcus lanaius L .......... . ... ( ?) ... 

I I Deschampsia caespilosa (L.) 
Bea uv ........ .. . ... .. . ... . . . 

Ammophi/a arenaria (L.) Link .. ... 
Phleum spp. 5) • • • ••. . . • •••• • . • ... . . . . 

.. I Panicum miliaceum L. . ........ 

Echinochloa crus-gal/i (L.) 13eauv. 

I 

. . 
Seiaria viridis (L.) Bea uv .. . ... . . . . 
Se/aria ilalica (L.) Beauv ...... . I I . . .. I 

I) carbon ized seed in Late Roman Iron Age site at F redsii (cf. p. 256) 
2) comprising P. lctpathifoliwrn L., P. nodosum Pers ., P. tomentosum Schrank 
3) morphologicall y 111. aquatica L. is also poss ible. 
4) comprising G. tetrahit L., G. bifida Boenn ., U. speciosa Mill. 
5) t he material contains P. itrenarium L. a nd P. nodosu,n L ., and l)OSs ibl y P . vraten,e L. 
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Dansk resume. 

Fra sine tidligste Arbejdsaar bar KNUD J ESSEN intercsseret sig s&rligt for 
Floraens Historie, spccielt den Del af Floraen , der skylder m enneskelig Virk­
somh ed sin Status i Danmark. Hans MosE UN DERS0GELSER (1920) og MARK-
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UKRUDTETS HrsTonm (JESSEN og LIND 1922- 23) var banebry dende Ekspo­
nenter for denne Interesse. 

I de forlobne Aar er meget Arbejde blevet lagt i Studiet af Planternes Ind­
vandringshistorie og af Mennesk cts U dnyttelse af og Indfly delse paa Vegeta­
tionen. Ved p ersonlige Arbejder saavel som vcd Opmuntring og praktisk Stotte 
t il sine y ngre Medarbcjdere h ar K NUD JESSEN medvirket meget v::esentligt 
til de betydelige R es ultat er, der er opnaaet indenfor dette Felt. 

N::erv::erendc Arbejde er t::enkt som et Supplem ent til MARKUKRUDTETS 
HrsTonrn, opnaaet ved U nderso gelsc af det Plantemateriale, som Ark::eologien 
har bragt for Dagen og dateret. Listen omfatter Arter, som Mennesker har 
dyrket eller samlet til Fode og tckn iske Formaal, idet dog Resultaterne af 
Tr::ekulsanalyser ikke er medtaget. De i de samme Fund optr::edende Korn­
arter er kun mcvnt i de ark::eologiske Noter. 

Listen er i Hovedsagen baseret paa Bestemmclser af forkullede P lanterester 
og af Maveindholdet i Moselig. Disse sidste Undersogelser er a f overordentli g 
stor Bet y dning ikke alenc ved Fundenes fortr::effelige B evarin gstilstand, m en 
ogsaa fordi de tillader os a t skonne h v ilken Rolle Indsamlingen af Fro af 
Ukrudt spillede her i Landet saa sent so m omkring Kristi Fodsel. En Gencral­
undersogelse af danske Korn- og Froaftryk i K eramik, der har staaet p aa i 
over 50 Aar, er endnu ikke gen nemfort, hvorfor dens Resultater ikke er ind­
foj et her. En Undtagelse udgores af et Dyssetids Aftryk af A..lliwn ursinum. 
Dette publiceres og illustreres nu for forste Gang, ford i det er det eneste mor­
fologisk utvetydige Bevis for denne Arts Forekomst i Danmark i forhistorisk 
Tid. 

De vedfojede Tegninger af Gr::esser fra et Moselig skulde tj ene som Illustra­
ti on af disse F unds store diagnost iske V::crdi. 

Drawings (Grauballc) 10 diam. 
a. F loret of Phragmiles communis, ventral view. 
b. Palea and porti on of lemma o[ Sieglingia dec umbens, distal v iew. 
c. F loret of S ieglingia decumbens, dorsal v iew. 
d . Lower porti on of Avena falua floret, ventral view. 
e. F loret of Paa nemoralis, lateral view. 
f. Grain of Deschcunpsia caesp ilosa, dorsal and lateral v iew . 
g. Palea and margin s of lemma o[ Se/aria viridis, distal v iew. 
h. Floret with caryops is of Agropyron can inum, ventral v iew. 
i. Palea with remains of lemma of Echinochloa crus-galli , distal view. 
j. Spikele t of Echinochloa crus-galli, dorsal v iew. T he sterile floret is v isible behind th e 

fertile one. 
k. Floret o[ Lolium perenne, ventral v iew. This is an unusually long rachill a. 
1. Imprint of fruit of A ll ium ursinwn, Barkrer. Base with pediclc scar. 6 di am . (Photo 

Hans Helbrek). 
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Uttrykket >> b arkebrodstider << kjenner vi alle ; men neppe noen av oss for­
bind er noe konkret, eller la m eg si: positivt ry stende, ved dette ordet. FmDTJOF 
NANSEN hadd e omkrin g 1921 anlednin g til a studere hun gersnoden i Volga­
distrikten e p a m:ert hold, og har skildret d en. Fullt sa galt har det trol ig aldri 
v<:0rt i Norden, selv ikke i Norge. Men det finn es rystende skildringer av nod 
ogsa i nordisk e kildeskrifter , selv sa sent som fra forrige arhundre (jfr. NrLs 
KEYLAND : Svensk Allrnogekost 1919). 

Barkebrodets saga i Norge skulle egentlig min avdode kollega og v enn pro­
fessor J EN S HoLMBOE ha skrevet. Assistert av sin vaktmester OLAF I-JANSSEN 
samlet H oLMBO E i 1932- 33, og for en vesentlig de! p a sykesenge n, m ateriale 
til en slik bole Men han kom ikke langt. Dahan dode i 1943 etterlot han seg 
en meget v erdifull samling excerpter fra norsk topografisk og historisk littera­
t ur, og den korrespondanse om barkebro d som han haddc innledet s<:0rlig med 
gamle folk i norske bygder. D essuten en oversikt over >>barkebrod-fakta << fra 
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alle Norges fylker, fra 0stfold og S0rlandets fylker i syd til Finnmark i nord. 
Men bortsett fra dette arkivmateriale, som oppbevares pa Botanisk Museum i 
Oslo, finnes der i HoLMBOES ett erlatenskap er ikke noe utkast til en avhandling, 
h cller ikke noen historikk m ed nordisk eller europeisk pcrspektiv. 

I. Innledning. 

Barkebr0d er bare ett av de mange surrogater som folk siden kornavlens 
innforelse har tydd til i mangel pa kornmel. Imidlertid er det sannsynlig 
at visse naturfolk som aldri har forstatt den kunst a bake br0d, har nyttet 
bark til fode pa annen mate. Dette forhold vil bli streifet nedenfor. Selv i 
de europeiske land hvor barkemel har vrert et vanlig surrogat , har folk 
pr0vd a utnytte det som overhodet kan h0stes pa en aker, til det ytterste 
for de grep t il bark. I denne forbindelse ma jeg oppholde meg litt ved 
halm , lettkorn , agner og sae r (sder, pluralis av sd(d) f. = g. norsk 
scio f. , brukes i norsk gjerne om bruddstykker av agner henholdsvis korn­
skall, det samme gjelder dansk sder og svensk sddor) . 

Nar vare forfedre hadde tersket sitt korn, ble halmen fjernet. Resten, 
som i norske og svenske dialekter og i eldre dansk kalles drose (drdse), 
i norske ogsa viste, ble renset, slik at den verdifulle del av avlingen ble 
skilt fra den mindreverdige del. Dette kunne skje pa tre forskjellige 
mater : ved hjelp av en kasteskovl, et kornsall eller et dr0ftetrau. Ved 
bruk av kasteskovl satte vedkommende person seg gjerne pa en lav 
krakk pa kornlavens gulv foran det usorterte materiale (drosen) og kastet 
dette skovlevis f. eks. i retning av laveveggen. Det tyngste og beste korn 
(pa norsk stridkornet), som flyr lengst , samlet seg da n rermest veggen. 
Agner, saer og halmbiter som er lettest, falt ned nrermest kasteren, og 
mellom de to yttergrenser ville da pa den distale side hope seg opp noen -
lunde brukbart korn (pa norsk matlcorn), pa den proksimale side det dar ­
ligste (lettkorn ). Fremgangsmaten er n0ye skildret i VISTED og STIGUM: 
Var gamle bondekultur (Oslo 1951- 53). 

I vanlige, gode ar ble lettkornet foret opp pa husdyrene i stall og fj0s. 
Men i darlige ar, og srerlig i n0dsar, ble lettkornet malt enten pa hand­
kvern eller bekkekvern, og melet brukt til gr0t og flatbr0d. I virkelige 
n0dsar var selv lettkorn en herlighet, og for a dr0ye det brukte folk a 
male saer , agner og halm (srerlig den delen av kornstraene som sitter oppe 
i selve kornakset eller straks nedenfor dette) . Det beste korn, stridkornet, 
ble forst og fremst reservert til sakorn, og visstnok bare i srerlig gode ar 
malt t il mel. Dette gjelder Norge i gammel tid. En gammel, egentlig 
nordnorsk betegnelse pa godt korn og mel er Gudsldn (Q: Ian fra Gud ; jfr. 
AASEN 1873). 

Hvilken skala av elendighet br0dfremstillingen b0d pa i uar, ser man 
kanskj e best av svensken MAXIMILIAN AxELSON's beretning (1852) om 
en reise han omkring 1850 gjorde i Varmland og de svenske :Finnskogene. 
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Han regner her opp 13 slags n0dbr0d, ordnet etter tiltagende simpelhet: 
( 1) Dr as e b r 0 d, ble bald a v rugmel + finmal te agner. Det ble regnet for a 
vrere det beste. (2.) Hakkebr0d, her ble hele kornakset og halvparten 
av halmen hakket opp og malt. (3.) Islandsmosebr0d, ble fremstilt 
av islandslav eller br0dlav (Oetraria islandica), tilsatt en del kornmel. 
Denne br0dtype var velkjent ogsa i Norge i det 18. og 19. arhundre. 
( 4.) Selj e blad br0d, ble laget av seljeblad (Salix caprea) , som var h0stet 
og t0rret ved sankthanstid, senere malt og blandet med 1 / 3 bygg- eller 
havremel, ofte lettkornmel. Er ogsa kjent fra Norge. (5.) Homrebr0d. 
I dette tilfelle ble fr0kapslene av dyrket lin (Linum usitatissimum) t0rket, 
malt og tilsatt litt kornmel. (6.) Barkebr0d , ble laget av furubarkmel 
(Pinus silvestris) under tilsetning av 1/ 3-½ bygg- eller havremel. Jeg 
kommer nedenfor tilbake til denne br0dtype. (7.) Benbr0d. I dette 
tilfelle ble husdyrknokler kokt ut, knust , t0rket og malt. Litt kornmel 
ble tilsatt. Har ogsa voort brukt i Norge. (8.) Syregress br0d , ble laget 
av Rumex-frukter + de pasittende blomsterdekkblad. Man brukte i forste 
rekke fruktene av Riimex domesticus , R.obtusifolius , R.crispus og R.aqua­
ticus , men ogsa R.acetosa coll. Hele fruktstanden ble rispet av med han­
den, og materialet t0rket og malt pa kvern. Dette syre-melet skal ha hatt 
en syrlig smak og virket forstoppende (J. F. WALLENIUS 1782 p. 13; 
MANNINEN 1931 p. 33) ; det ble blandet med byggmel, om slikt fantes i 
huset . Syregressbr0d har voort velkjent ogsa over store deler av Finnland 
og Norge. (9.) Gress br0d , det ble laget av nyspiret, finhakket , t0rket 
gress fra engene under tilsetning av litt kornmel. (10.) Halmbr0d. Her 
grep man til den nedre del av halmen, som tidligere var blitt vraket. Den 
ble finhakket og malt, etterpa tilsatt en ringe porsjon kornmel. Dette 
slags br0d omtales ogsa i norske kilder. (ll.) Agnbr0cl, ble uteluk­
kende laget av siktede agner (saer) , som etterpa ble t0rket og malt , og 
tilsatt litt lettkornmel. Har voort meget brukt ogsa i Norge. Tilsetning av 
agner og saer (agnar eoa saoir) til br0det omtales allerede i Kongespeilet, 
som ogsa har en passus om at saoir i uar kan voore kostbarere enn rent 
korn i normale ar. Ellers nevnes saer alt i Edcla-cliktet Rigs]:mla under 
skildringen av troolenes kost: >>0kkvinn hleif, ]:mngan ok pykkvan, prun­
ginn saoum<< (citert etter MAGNUS OLSEN 1949 p. 200). (12.) Gr0nbr0d. 
Dette ble fremstilt av r0slyng (Oalluna vulgaris), som i Varmland ifolge 
AXELSON kalles gron. Lyngen ble skaret med sigd, hakket, t0rket pa 
badstue og malt, og litt lettkornmel ble tilsatt. Gr0nbr0det v:ar ifolge 
AXELSON det nest darligste. Orn clet har voort brukt i N orge, er uvisst; 
men fra den danske ekspert H.P. HANSEN i Heming har jeg nylig fatt 
vite at i Jyllands hedeegne har folk i n0dstider brukt >>lyngbrom<< (blad 
og skudcl av lyng) til a dr0ye rugmelet med. (Ellers finnes der i Danmark 
sa a si ingen barkebr0dstraclisjoner; man vet bare om et eneste tilfelle 
hvor aspebark [Populus tremula] fors0ksvis har voort malt til mel for a 
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dr0ye kornmelet)1 ). (13.) Barks0bb. Dette er ifolge AXELSON elenclig­
hetens ytterste grense. Barks0bb ble utelukkende bald av furubarkmel , 
og det matte bakes i langt tykkere leiver (dansk og svensk: lev) enn alle 
de 12 foregaende sorter, da det nesten var urad for kvinnene a fa deigen 
til a henge sammcn. - Ellers bar br0ddeig vrert dr0yet ved tilsetning 
av mange andre vegetabilier enn de ovenfor nevnte (jfr. KEYLAND og 
MANNINEN op. cit.). 

Jeg kan bare tilfoye at enkelte steder i Norge har man i fortvilelse 
pr0vd a blande vedaske i melet ; men folk ble sa syke at de sluttet med 
det. Ved Degerfors i Vasterbotten i Sverige har folk faktisk brukt en egen 
jordart til a dr0ye melet med (KEYLAND p. 132). Men dette er et unntak. 
I 0st-Europas tettbefolkede str0k, derimot, har i n0dsar 16- 20% aske, 
sand eller jord vrert en fast bestanddel i br0det. Dette var tilfelle sa sent 
som under Nansens reise i 1921. Ifolge A. MAURIZIO (1927) inneholdt 
vanlige >>hungerbr0d<< fra Volga-traktene 10,8 % vann, 17 ,2 % aske og 
sand , 33 % malte oljekaker og ugressfr0, og 39 % rugmel. I en enkelt av 
de pr0ver som MAURIZIO analyserte, gikk askegehalten opp i 64%. Sa 
hard har n0den vrert i skogbare, tett befolkede land. 

II. Litt historikk. 

Ifolge F. C. ScHUBELER (1886) skal de eldste opplysninger om bark 
som menneskefode sta hos den greske historieskriver HEROD OT. Professor 
E1'nL SMITH, Oslo , har nylig vrert sa elskverdig a oversette vedkommende 
avsnitt fra gresk til mitt bruk. Det star i bok 8 om XERXES' soldater at de 
under tilbaketoget gjennom Thessalia, Makedonia og Thrakia >>forst r0vet 
og spiste opp innbyggernes gr0de. H vis de ikke £ant gr0de, spiste de opp 
gresset som vokste opp av jorden, og harken pa trrerne som de skrellet av 
(egentlig >>rundt<<) - - - , savel av dyrkede som av ville trrer, og de lot 
ikke noe ligge igjen. Dette gjorde de av hunger. Pest og dysenteri overfalt 
hreren underveis og voldte 0deleggelse<<. El\flL SMITH har ogsa gjort meg 
oppmerksom pa folgende passus hos PoLYBIOS i samband med skildringen 
av Hannibal-krigene: >>Innbyggerne i Petelia (i Syd-Italia) som bevarte 
sin troskap mot romerne, viste sa stor standhaftighet da de ble beleiret 
av Hannibal, at de etter a ha spist opp huder (alt lrer) i byen og fortrert 
harken og de spede kvistene pa alle trrer i byen, og i 11 maneder utholdt 
beleiringen uten at noen kom dem til unnsetning, overga seg, med romer­
nes billiggelse.<< - PLUTARCHOS beretter om ANTONIUS: >>Han var den 
gang et eksempel for sine soldater ved at han, etter sa megen luksus og 
vellevnet, drakk bedervet vann og lot seg servere ville gr0nsaker ( eller 
frukter). Det fortelles at det ogsa ble spist bark.<< 

1) jfr. H. P . HANSEN: De gamle fortalte . I. (1939 p. 113) og Fra gamle Dage. I. (1921 
p. 114), cless uLen: Hyrdeliv pa I-Ieclen (1941 p.117 og 122). 
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Hva Mellom-Europa angar, sa har jeg enna ikke hatt tid til a etterlyse 
eventuelle barkebr0dstradisjoner. BROCKMANN-JEROSCH (1918) har i 
Schweiz funnet >>Andeutungen dafor, dass die Weisstannenrinde (Abies 
alba) zu menschlicher Nahrung gedient hat. Leider kann ich daruber 
nichts naheres berichten«. Personlig er jeg ikke i tvil om at man f. eks. i 
det gamle 0sterrike-Ungarn, liksom i Russland og Polen, har brukt alme­
bark til menneskefode. I en fransk bok av MAxIME nu CAMPS fra 1874, 
som ScHUBELER citerer, leser man at jordarbeiderne (les laboureurs) i 
Dauphine i aret 1675 ikke hadde annet a leve av enn markens urter og 
troornes bark (l 'ecorce des arbres). Og i EUGENE ROLLANDS store verk om 
franske plantenavn (Tome X , 1913) anfores et interessant navn pa alme­
treet, nemlig arbre au pauvre homme. Det er nevnt i en bok av BASTIEN 
fra 1809, og ma oversettes med >>fattigmannstre<< eller >>fattigfolks tre<<. I 
lys av hva jeg senere skal berette, sier dette navnet ganske meget. 

For 0st-Europas vedkommende ma der, i henhold til A. MAu Rizrn's 
bok >>Die Geschichte unserer Pflanzennahrung etc.<< (1927) , eksistere en 
ganske vidtl0ftig kildeskrift-litteratur om n0dmat trykt pa russisk, soorlig 
fra forrige arhundre. I de russiske departementsguvern0rers og under­
s0kelseskommisjoners innberetninger passerer omtrent de samme surro­
gater revy som i M. AXELSONS skildring fra Varmland og Finnskogene; 
listen kan suppleres mecl Chenopodium-fr0, Polygonum-frukter, eiken0t­
ter, oljekaker og aske. Meget interessant er det at almebark nevnes 
om og om igjen som br0d- eller melsurrogat i denne russisk-polske 
litteratur. 

For Nord-Russlands, Lappmarkenes og 0st-Finnlands vedkommende 
har vi sikre vitnesbyrd om at br0d, gr0t og suppe laget av furubark 
har voort ikke bare n0dmat, men temmelig vanlig kost i det 18., 19. og et 
stykke inn i det 20. arhundre. Saledes beretter LuNnrns (SrnELIUS op. cit.) 
fra begynnelsen av 1700-talet at lappene flar av harken ved midtsommer­
tid med en lang kniv av hen. >>Stykkene, som er ea. 2 alen lange, legges 
sammenpakket i en stor grop i jorden. Tett opp til denne brenner man 
sa i 1-4 d0gn store stokker, slik at ilden slar gjennom jorden. Barken 
blir da r0d; etterpa tas den opp, blir t0rket og til sist stampet pa et 
reinsdyrskinn til et fint mel, som om sommeren blandes i reinmelk og 
gir en delikat rett.<< 

I U. T. SIRELIUS: >>Finlands folkliga kultur<< (trykt pa finsk 1919, senere 
oversatt og stensilert pa svensk) £inner man mange interessante ting om 
barkebr0d. F0rst fortelles det om samojedene, at de alt i mai samler 
sevjelaget (sav) av visse troor, som de siden t0rker, st0ter istykker, blander 
med vanlig mel og steker til br0d. SrnELIUS citerer dernest en finsk forfat­
ter PAULAHARJU, som, uten a nevne noe bestemt finsk distrikt, skriver 
folgende: >>Et par uker for sankthans ble der holdt sakalte furudager 
(petiijiipiiivet) , da hele gardsfolket tidlig pa morgenen clro til skogs. Furu-
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trrerne ble felt pa moen, og harken avskallet med kniv (verkt0yet er 
avbildet pa bokens fig. 242 og 243) i flak pa 4- 5 kvarts bredde (fig. 
424). Nar kvelden kom, ble det ytterste gr0nne laget skallet l0s sammen 
med den harde ytterbarken, og harpiksen vridd ut gjennom kvisthullene.<< 
Mecl hensyn til tilberedningen, sa citerer SrnELIUS en bok av svensken 
CARL MENANDER fra 1742 : >>Barken legges pa kull i en ovn eller holdes 
mot stokkild til den blir brun pa begge sider; samtidig svulmer den opp 
og kommer liksom i en slags gjrering, da ogsa kvaen brennes ut av den. 
Stykkene t0rkes siden grundig, st0tes fint og lrnuses til mek Denne 
st0tingen foregikk i en stamp (i boken avbildet pa fig. 248). Barkemelet 
ble sa lagt pa et slags filter laget av halm i et trau , og overhelt med 
kokende vann, som tok bort kvaesmaken. Br0ddeigen kunne lages bare av 
barkemel alene; men hvis det fantes rug- eller havremel, laget man forst 
en surdeig av dette , og til sist ble det fuktede barkemelet blandet oppi. 
De ferdigstekte br0d hadde form av tynne kaker (fig. 245, 246). Orn 
h0sten ble deigen dr0yet ut ved tilsetning av brer ( Vacciniiim vitis-idaea 
og Rubiis chamaemorus) , hvis der da i det hele tatt var brerar. 

Bark og barkebr0d har i Finnland, srerlig i grensetraktene mot Russ­
land, liksom i Nord-Russland vrert brukt meget lenger enn SrnELIUS lar 
leseren fa inntrykk av. I Russisk K.arelen traff de norske professorer 
J . A. FRIIS og L. KR. DAA i 1867 folk i 0demarken som skrellet furubark 
direkte av levende trrer, skrapte bort ytterlaget og spiste resten med vel­
behag eller la de oppskarne biter i den fiskesuppen de kokte. Dette omtales 
i de to nordmenns reise beretninger fra 18 71 og 18 7 0. Meget verdifulle 
opplysninger og citater finnes i I. MANNINEN >> Uberreste der Sammler­
stufe und die Notnahrung aus dem Pflanzenreich bei den nordeurasischen, 
vorzugsweise den finnischen Volkern« (1931). Han uttaler at de finske 
Zapper (samer) alltid har betraktet og fremdeles betrakter bl0dningssaften 
av furu , som de ofte tapper direkte av treet over i munnen, som en lekker­
bisken. Dessuten har preparert, stampet furubark vrert laget til gr0t 
under tilsetning av fiskefett eller reinsdyrtalg. >>Heutzutage gibt man 
ausserdem gewohnlich auch Roggenmehl hinein, ja sogar mehr als Rinden­
rnehl. Diesen fettigen Rindenbrei essen die Lappen als Abendspeise.<< 
Manninen uttaler videre: >>In Inari und Schwedisch Lappland buk man 
einen K.uchen aus Kiefernrinde und richtigem Mehl. Oft verlangerte man 
die Fleisch- oder Fischsuppe mit einer Handvoll zerstampften Rinde. 
Besonders in Russisch-Lappland hat die Verwertung der Kiefernrinde 
auch heutzutage eine sehr wichtige Bedeutung in der Speisewirtschaft.<< 
Manninen, som skrev dette i 1931, citerer her T. J. lTKONEN: Suomen 
lappalaiset bd. I. 

Orn karelene uttaler han at de, i henhold til publikasjoner av finske og 
. russiske forfattere fra 1929, fremdeles bruker furubark til fode. Fra arene 
1856 og 1883 citerer han fra russisk litteratur beretninger om at syrjenene 
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lager br0d av furubarkmel, eller de setter furubarkmel til en syret deig 
laget av byggmel; srerlig skal forbruket av furubark ha vrert oppsikts­
vekkende stort ved det 0vre l0p av floden Vytshegda og i landsbyene hos 
de sydlige syrjener. - Russeren PoPOV forteller i 1883 om permjakene ved 
Vischera at de av nabofolkene hadde £:'i,tt oppnavnet katf-Joijas (>>Kiefern­
rindenesser<<). - Fra kretsen Valdai i guvernementet Novgorod beretter 
FENOM:ENOV om russerne at bare i en enkelt landsby kunne folk hugge 
tusener av unge furutrrer for a fa tak i sevjelaget. >>Gewohnlich schabt man 
den Saft im Walde direkt in den Mund ab. Bisweilen zieht man den er­
starrten Saft in langen Streifen von den Baumen los und nimmt ihn mit 
nach Hause<< (>>Saft« betyr her sevjelaget eller innerbarken). MANNINEN 
viser ogsa ved citater fra eldre og nyere litteratur at samojeder, tunguser 
og jalcuter bruker furubark til mel, og lager en merkelig gr0t ved a r0re 
melet ut i en spesiell form for surmelk som har vrert oppbevaret et helt 
ar ; denne deigen blir sa kokt i vann. 

A v srerlig stor interesse er MANNINENS beretning om de erfaringer han 
selv gjorde pa en reise sommeren 1919 til noen avsides liggende finslce 
landsbyer i llomantsi (ved Finnlands 0stgrense). Furubarkmelets s0rgelige 
folger for folkehelsen var slaende. >>Daman zwei Winter und einen Som­
mer sein Leben zum grossten Teil mit Hilfe von Kiefernrinde gefristet 
hatte, war ein so grosser Ausfall an Aufbaustoffen des Korpers eingetre­
ten, dass es schwer war, diese wieder zu ersetzen. Der Appetit dieser 
Leute schien unstillbar zu sein. >>Die Kiefer zerbrach uns, wir miissen 
unendlich essem, erklarten die Ungliicklichen sehr bezeichnend.<< I en note 
fortsetter MANNINE~ : >>Ubermassiger, langere Zeit andauernder Gebrauch 
von Kiefernrinde neben anderer knapper N ahrung liess Beine und Bauch 
anschwellen. Ich sah kleine Kinder, deren Bauch erschreckend gross und 
hart wie ein mit Steinen vollgestopfter Sack herabhing. Viele Kinder 
konnten nicht aufstehen, sie lagen nur da. »Und wenn man auch noch 
so £est mit einer Rute au£ den Riicken geschlagen hatte - so schilderte 
ein Mann aus dem Dorf Kuolismaa seinen Zustand - so hatte man doch 
keinen Schritt machen konnen, so geschwollen waren die Fiisse« (op. cit. 
p. 45- 46). 

Fra guvernementet Vjatka beretter RYTSCHKOW (>>Tagebuch iiber eine 
Reise durch versch. Prov. d. russ. Reichs in d. J. 1769, 1770 uncl 1771 <<, 
trykt i Riga 1774) om rilsserne at de laget runde, tynne kaker av enten 
rent furubarkmel eller blanclingsmel, og at dette br0det virket srerlig 
avkreftende pa barn. 

Ellers uttaler MANNINEN at for de finsk-ugriske follc har, ved siden av 
furubark , bare innerbarken av bj0rk (Betula) vrert av en viss betydning 
som fode. Ellers forer hans historikk oss helt £ram til hungersn0den i 
Russland 1921 og Nansens reise: >>Als in Russland im Winter 1921- 22 
die furchtbarste Hungersnot herrschte, ass man im wotjakischen Gebiete 
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ganz allgemein Surrogate; schon im Fruhjahr 1921 begann man allgemein 
Eicheln und Ulmenrinde als Nahrung zu gebrauchen« (sperret R. N.). 
Men enna sa sent som i mars 1934 brakte Oslo-avisene telegrammer fra 
Litauen om at folk i Vilna-distriktet, iallfall enkelte steder, var n0dt til a 
bake barkebr0d. 

I Asia har harken av flere Ulmus-arter vrert brukt til mat, bade i 
Himalaya og China. Av FREDERIK PORTER SMITHS bok >>Contributions 
towards the Materia Medica and Natural History of China<< (Shanghai 
1871) fremgar det at kineserne bruker harken, bladene og fruktene av to 
forskjellige almearter som surrogat for korn. I 194 7 skrev den kinesiske 
botaniker P 'EJ en avhandling om denne sak, sa SMITHS anforsler er blitt 
fullt ut bekreftet. - Av min kollega professor GEORG MoRGENSTIERNE 
har jeg fatt den opplysning at en engelsk forsker GRIERSON i en bok gj0r 
oppmerksom pa at et bestemt folkelig navn pa en alm (trolig Ulmus 
carpinifolia) omtales fra K ashmir under hungersn0den 1877- 1879 i sam­
band med n0dmat, ford0yelsesbesvrerligheter, sykdom og d0d. 

I Nord-Amerika har visse indianerstammer spist innerbarken av >>slip­
pery elm<<, Ulmus fulva, uten noen som helst t ilberedning (jfr. Deutsche 
Pharmazeutische Zeitung 1874). 

Av den vitenskapelige litteratur jeg hittil er kommet over, har jeg fatt 
det inntrykk at det er i China , Russland, Polen, Finnland, Norge og 
Sverige at bark av forskjellige slags trrer har holdt seg lengst pa spise­
sedlen i historisk nyere t id. Av MAURIZIOS bok fremgar det at de eneste 
sikre og de fyldigste opplysninger om tilberedning av bark t il mel og 
fremstilling av barkebr0d er a finne i nordisk litteratur. Han selv 
gj0r sig imidlertid skyldig i mange misforstaelser av spraklig og botanisk 
art. 

Holder vi oss til Den skandinaviske halv0y, har vi iallfall ett arkeolo­
gisk funn av barkebr0d a st0tte oss til: i nrerheten av Soderkoping i 
Ostergotland ble det i 1911 funnet et noe forkullet br0dstykke i en 
mannsgrav fra vikingetiden. Funnet dateres til t iden ea. 800- ca. 1050. 
Stykket, som er avbildet hos KEYLAND (op. cit. bind I , fig. 82) var 6 cm 
i diameter og l ,1 cm tyk t , og nrermest kakeformet. Ved mikroskopisk 
unders0kelse ble det slatt fast at br0det var laget av furubarkmel 
og ertemel (Pisum arvense) i blanding. Det ma ha vrert temmelig kraftig 
og stramt pa smaken ! 

Ellers er det her fristende a ga litt inn pa Sigvat Skalds ber0mte lausa­
vise fra den danske konges0nns Svein Knutss0ns og hans mors Alfiva's 
regjeringstid (1030- 1035). Det var Alfiva, Knut den stores angelsaksiske 
frille , som fikk skylden for uarene i N orge den gang, og Sigvats han er 
rettet mot henne. Hans vise begynner slik: 
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>>Alfivu mun ::evi 
ungr drengr muna lengi, 
es oxamat qtum 
inni, skaf sem hafrar<< osv. 

Historikeren P. A. MUNCH oversatte dette slik: 

>>Alfivas old vil sikkert 
ynglingen lenge minnes 
da oksemat vi at, 
ja selv skav som bukker. 
Annet var det da den edle Olav 
styrte landet osv.<< 

Skav er oppskavet bark og kvist , og kan folgelig symbolisere barkebrnd. 
Visen er senest behandlet av MAGNUS OLSEN i >>Skaldevers om n0dsar 

nordenfjells<< (1945, 1949), og han vil helst oversette grunnteksten anner­
ledes: >>Den unge mann vil lenge minnes Alfiva-tiden, da vi inne spiste 
oksemat (o: ved husbondens bord), som bukkene eter skav (i uthuset 
eller i mar ken); noget annet var det da Olav - hansom der stod skrekk 
av - radet for landet; enhver kunde da glede sig over kornet som var 
t0rket i stakk<< (Sigvat hadde av kong Olav fatt en gard i Trnndelag; i den 
tiden var det gode ar, og kongens menn hadde levd standsmessig). Imid­
lertid mister i denne tydning passusen om skav og bukkene sin slagkraft, 
for det normale pa Sigvats tid liksom i var egen tid er at geitene eter 
bark f. eks. om vinteren og i varmanedene. Folk som holder geiter, kj0rer 
ofte £ram hele lass med kvist foran geitefj0set eller i tunet, slik at dyrene 
kan fa gnage av hjertens lyst; og geitene £ores ogsa inne med ris og kvist 
(beit i norske dialekter). - Sa vidt jeg kan forsta, er det ikke noe i veien 
for a oppfatte skaf som fortsatt objekt etter oxamat, og i denne tydning 
blir det en sterk pejorativ stigning i Sigvats mesterverk: fra oksens 
kost (agner og saer) fores vi til geitebukkens; den ma n0ye seg bare med 
skav ( = bark, kvist). Av alle vare husdyr er jo geitene de n0ysomste og 
igrunnen de minst ansette ; de har til alle tider statt meget lavere pa 
rangstigen enn oksen (avlsoksen eller den kastrerte okse) . Mot bakgrunn 
av det svenske barkebrndsfunn fra vikingetiden virker P. A. MuNcI-I's 
fortolkning tiltalende; men det er en mangel at han i sin oversettelse ikke 
har fatt med >>inne<< (o: ved husbondens eget bord, i motsetning til >>Ute<< 
o: blant tr::elene; jfr. MAGNUS OLSEN op. cit. p . 200- 201), for dette lille 
ordet gir spottevisen en s::erlig slagkraft. 

KEYLAND citerer ellers en svensk kilde som nevner barkebrnd fra 
Gottland under n0dsaret 1310. - LuDvIG HOLBERG vet a fortelle at 
Christopher av Bayern ble kalt >>barkkongen<< under sin regjeringstid 
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som svensk konge (1441- 1448). Dette har nok Holberg hentet fra Karls­
kri:inikan, hvor 0kenavnet forklares saledes (KEYLAND p. 127): 

>>a men han war, tha war stor hunger, 
ty honom hatade badhe gamal oc unger; 
bi:indher oc bokarla alla 
honom barkakonung kalla<<. 

Det kan ikke ha vrert hyggelig a v rere konge i tider da skylden for uar ble 
lagt pa landets monarl-: ! 

De eldste sikre historiske opplysninger om bruk av barkebrnd i Norge 
har vi fra Romsdalen (kongebrev 1591), Namdalen (Namdalsbeskrivelse 
1597) og Vest-Agder, alle fra 1590-arene. Mest kjent er vel PEDER CLAUS­
SON FRns' uttalelse: >>Nu , anno 1596, 97 og 98 er dette tre (almen) kom­
met udi l10j Pris her paa Agdesiden for de mange Menneskers liv som det 
reddede udi Hungers Tid og N0d, thi for her var ikke Korn , Rug eller 
Mjel at bekomme her i Landet«. - Fra 1600-arene har vi en serie rued 
kongebrev, klageskrifter osv. fra de forskjelligste deler av Norge, hvor 
barkebrod nevnes, saledes i 1691 fra Asker og Brerum nrer Oslo. Ellers 
er det srerlig i det 18. og de forste decennier av det 19. arhundre at kildene 
flyter rikest, noe som srerlig historikeren, professor JACOB WORM-MULLER 
har vist i sin doktoravhandling fra 1918. Ogsa i avd0de dr. rued. FREDRIK 
GR0NS b0ker om kostholdet i Norge (1926; 1941) finnes viktige citater og 
opplysninger. 

Ved hjelp av JENS HoLMBOES etterlatte excerpter har jeg provd a 
finne svar pa sp0rsmalet: hvor lenge har barkebrod vrert brukt i N orge 
henimot natiden 1 Sammenfattende kan en si at det finnes mange auten­
tiske beretninger om at barkebrod holdt seg pa spisesedlen til 1860- 70-
arene. I Indre Sunnfjord og i Korgen i Nordland ble barkemel henholds­
vis av alm og furu brukt til 1890- 1895. Som et kuriosum kan jeg nevne 
at Botanisk Museum i Oslo i sitt arkiv har et brev skrevet i 1933 av en 
agronom i Arnafjord, Viki Sogn, der han forteller at helt £ram til arene 
mellom 1905 og den forste verdenskrig ble det i Arnafjord tatt bark og 
kvist av alm og malt til mel , som igjen ble blandet rued byggmel og bald 
til flatbrod. Denne agronom, som er fodt i 1898, kan selv huske fra sine 
yngre ar at slikt flatbrnd var i bruk. - I 1932- 33 var det enkelte gamle 
mennesker i Haus herred, Hordaland, som husk.et at de hadde spist eller 
sett barkebrod i sin barndom (Bot. Museums ark.iv). 

Fra 0st-Finnmark foreligger det opplysninger om at en skoltelapp i 
Pasvikdalen laget seg furubarkmel sa sent som i 1910. Dette omtales av 
geografen V. TANNER i en avhandling fra 1929; han kjente selv vedkom­
mende mann. 
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III. Hva slags bark brukte de nordiske folk i n0dsar? 

Av HoLMBOEs notater frerngar det at det har vrert spist barkebr0d i 
samtlige norske fylker helt £ram til n0dsarene for 1814, og mange steder 
enda lenger. I de deler av Norge hvor det fantes viltvoksende 

F ig. 1. Freclct furu (Pinus silveslris ) i skog­
strckn ing tilhorenclc garden Ovrc \'olden , 
Asen, Nord-Trondelag. P ,1 slammcn slar el 
gammcll tre-skilt pas krevel »Bark talt i 

nodsarene 1808- 18 12«. Foto Arne Hoeg, 
Trondheim, 22/ 9 1934 . 

eller plantet alm , Ulmiisglabra , 
ble almebark alltid foretruk­
ket. Men deter vesentlig Norges 
kysttrakter, fra Oslofjorden til 
N ordland, som har og har hatt for­
holdsvis meget alm. I innlandet 
0stenfjells, srerlig i h0yereliggende 
trakter, og i IndreTr0ndelag, Nord­
land, Troms og Finnmark er det, pa 
samme mate som i Svensk N orrland 
og Finnland, furubark (Pinus sil­
vestris) folk har brukt. Sel v i trakter 
der det vokser alm, har folk ofte 
mattet blande opp almemelet med 
furubarkmel. 

Nar enkelte kilder nevner gran­
bark (Picea abies) , sa tror jeg at 
dette i mange tilfelle skyldes feil 
erindring. Men srerlig fra Gud­
brandsdalen nevnes granbark sa­
pass ofte at man trolig ma akseptere 
den muntlige tradisjon. Enforfatter 
som Iv AR KLEIVEN uttaler at gran­
barken skal ha vrert vrerre enn all 
annen bark ; det har visstnok bare 

vrert i den bitreste n0d at folk brukte den. - Srerlig fra Nord-Norges kyst­
trakter , f . eks. fra Troms fy lke, nevnes inner bark en a v asp (P opulus tremula) 
og bj0rk (Betula-arter). Ellers bar leilighetsvisogsa harken av lind (Tilia cor­
data), selje (Salix caprea) og andre Salix -arter , kanskje ogsa av b0k (Fagus 
silvatica) vrert brukt; men alt dette har uten tvil v rert surrogater for 
almebark henholdsvis furubark. Pa Nordiska Museet i Stockholm finnes , 
ifolge KEYLAND , en pr0ve av bj0rkebarkmel fra Jemtland. Det har trolig 
vrert meget beskt pa grunn av betulininnholdet. 

Orn furubarkens innh0sting, preparering, t0rking, stamping, tresking 
og malning til mel er vi godt undcrrettet takket vrere bade finske , svenske 
og norske kilder. Srerlig verdifull er KEYLANDS recensjon av eldre svensk 
litteratur (op. cit. p. 111- 133). Ellers har folk £lest feilaktige foresti l­
linger hva dette kapitel angar. Det var i forste rekke furutopp og 
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Fi g. 2. To redskaper av tre, det nedre med p asatt egg av j crn, til a fl ekke ba rk m ed. 
Kall es i Norge foype, kyle/, J.julul, l ykje l. A ndre typer m ed eller uten skafthy lse, til dels 

av elgshorn eller r einshorn, er avbildct hos NrLs I<EYLA:-<D (1919). 

ungfuru som ble brukt ; stammens diameter skulle helst ikke vaire mer 
enn 15- 30 cm, og det skulle vaire rankvoksen , kvistfri furu. I 0vre 
Gudbrandsdalen kalles ungfuru gulberkjing fordi den har gul bark, og da 
trairne gjerne ble hugget for barken ble skrellet l0s, kan man lett forsta 
hvor 0deleggende denne barkflekkingen var for ungskogen - det var 
gulberkjingen det gikk ut over. Fra Lorn og Skjak forteller Iv AR KLEIVEN 
at 1836 var et slemt ar : >>De va' ei fail ti ' - og slik som det sag ut ette ! 
Ette heile Kvittingsli 'n va' gulberkjingen ne'hogge og flekt sa de' lyste 
pa di kvite tree kvar du sag av.<< - Fra sin r eise i Lom i august 183 2 
skriver zoologen L. ESMARK at den 0deleggelse hungeren hadde anrettet i 
de omliggende skoger var sa stor at man >>formedelst Dynger a£ afbarkede 
Trair ofte knapt kunde trainge ind<< i dem. - Fra sin Iter Dalecarlicum 
anforer LINNE ( 1734) at han i Alvdalen allesteds sa barkhesjer og flek­
kede, nedhugne furutrair >>till otrolig myckenhet<< (AHRLINGS utgave 1889 
p . 277). 

Pa de felte stammene ble barken skrellet av ved hjelp av et eget red­
skap; det kan minne om en meisel, et skavjern eller en skraper (fig. 2) , 
ofte med et ganske langt handtak. Det har i norske dialekter hatt mange 
forskjellige navn f. eks. loype (til verbet loypa >>flekke bark<< ). Norden­
fjells ble det ofte kalt lcytel eller kjutul , fra Sverige anfores kytte og lcute. 
TORP (1919) antyder at disse ordene kanskje har sin opprinnelse i latin 
cultellus >>kniv<< (jfr. fransk couteau). Sannsynligheten taler for at red­
skapsnavnet er meget gammelt i norsk og svensk. Ved omstilling (meta-

D. G. U . II. rk., nr. 80. 18 
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tese) er fremgatt tykjel (Namdalen) og tykel i svenske dialekter. Red­
skapet var ofte, men slett ikke alltid, utstyrt med skafthylse og stundom 
egg av jern. Ellers er formen variabel, og stundom er skaftet eller hylsen 
sa lang at redskapet minner omen liten spade. Barkflekkingen kunne en 
da utfore i staende stilling, med furustammen hvilende pa marken (omtalt 
og avbildet fra Dalarna av PERSSON 1932). Redskapet ble laget av tre 
eller elgshorn, i Nord-Skandinavia og i de finske og russiske lappmarker 
av reinshorn og visstnok fortrinsvis av det korte, brede, £late horn som 
mange reinsbukker har fremme i pannen (i visse norske dialekter kalt 
brunnfj0l). Ifolge L. L. LJESTADIUS (KEYLAND p. 131) kalles et slikt verk­
t0y av reinshorn av den svensktalende befolkning i Svensk Lappland 
kackla. Bilder av disse redskaper, og av en Enare - same som skaller av 
furubark, finnes i T. J. ITKONEN: Suomen lappalaiset bd. I p. 288 ff. 
(fig. 105, 106 og 107). I denne sammenheng kunne det ha vrert pa sin 
plass a diskutere enkelte forhistoriske redskaper av horn eller ben som 
dels har vrert klassifisert som >>nett-stikker<< (til a tre fiskegarn innpa, for 
eller etter bruken) , dels som bark-verkt0y ; men jeg skal her ikke vage 
meg inn pa arkeologiens enemerker. 

Fra Sarna (Dalarna), som jo opprinnelig var en norsk bygd, opplyses 
at karfolkene med et tildannet ljablad eller en grov kniv skar innsnitt 
pa tvers av de felte furustammer med ea. 1 m.s mellomrom. Etterpa ble 
det skaret et innsnitt pa langs, og sa skrellet man bark.en l0s mellom to 
og to tversgaende innsnitt ved hjelp av en ty!cel. 

Forstandige folk hentet alltid furubark i haballen (svenske dial. hobal), 
det vil si i tiden mellom vararbeidet og h0yslatten. I Helgeland talte folk 
til og med omfureborkonna (NILS Lrn 1934; jfr.Jurudagene hos SIRELIUS, 
pa finsk petajapaivet). Pa denne tid var bark.en best og dessuten lettest a 
l0ype. Da barkstrimlene var tunge, ble de ofte hengt opp til t0rk ute i 
mark.en ; plugger ble £. eks. slatt inn i to trrer som sto nrer hverandre, og 
sa ble det lagt opp horisontale stenger mellom pluggene, aldeles som 
hesjer. Over disse ble bark.en hengt. Stundom ble t0rkingen foretatt i 
egne skur. Det ma ha vrert noe av et >>svinearbeid<< nar en tenker pa all 
harpiksen. I et julenummer av Herni::isandsposten for aret 1906 har den 
kjente sprakforsker og folklorist E. Monrn skrevet en viktig artikkel om 
>>Ni::idar och ni::idbri::id i Norrland<< (citert hos KEYLAND p. 94) .. Han opp­
lyser her at til en rniddels stor farnilie rnedgikk arlig 200 furutrrer , som 
ga 5- 6 hesjer med grovrenset bark. 

Etter at barken var kj0rt eller baret hjem, begynte et m0ysornmelig 
skrapingsarbeid. Med egne kniver ble den grove, gulrnde ytterbarken og 
den grnnne innerbarken fjernet, dessuten det egentlige sevjelaget pa 
strimlenes innerside og all merkbar kvae. Man fikk da tilbake tynne 
plater av den bleke innerbarken, som sa ble kuttet opp i mindre stykker 
eller flak (fig. 3). 
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Fig. 3. Stykker av rense t innerbark av furn (Pin us si/veslris) beregncl p ,\ frem stilling av 
furubark -mel. De m ork e (brun e) partier er Ly nn e flak av korkvev som ikke er blilt fj ern ct 
under skrapingen. Slykk et Lil vens tre er folclet inn pa Jangs. P rofessor F. C. ScnuBELERS 
sa mlin g. Skriver seg [ra Finnskogene i H ecl mark fylke, trolig fra 1860- 1870-arenc. 

(Foto Bergljol Mau ritz) . 
( l{op ien v iser preparalcne i nat. storrelse.) 

Ifolge enkelte kilder ble denne rensede bark lagt i rennende vann i 
flere d0gn, ja i inntil 3 uker, helst i en bekk eller kilde, forat beske stoffer 
skulle bli vasket ut mest mulig. Andre hevder at utvanningen forst fore­
gikk med skaldhett vann etter at harken var malt til mel , eller at det ble 
foretatt flere utvanninger, til og med for harken var skrapt. Folk matte 
ofte holde vakt over slik renset bark som la i vann ; fattige mennesker 
som ikke eide skog selv, var nemlig desperate i n0dsar, og stjal som ravner. 
- Srerlig i svenske og finske kildeskrifter nevnes at folk varmet opp den 
preparerte bark over trekull (glohauger) eller holdt den opp til stokkild 
for a drive ut kvaen og gj0re harken mer por0s og spr0. 

Den utvannede bark ble t0rket pa nytt, siden brukket opp og lagt i en 
t0nne eller stamp, og bearbeidet med en spade eller en st0ter (jfr. fig. 248 
hos SmELIUS, og K EYLANDS skildring fra Jemtland av barskbagar p . 134-
136 og fig. 48). Eller harken ble tersket pa lavegulvet med det samme 
redskap som brukes til korntersking. Det findelte materiale ble til sist 
(hvis folk hadde krefter til det) fraktet til badstuen og spr0t0rket, og 
endelig malt til mel, enten pa handkvern eller bekkekvern. - Botanisk 
Museum i Oslo har en pr0ve fra Finnskogene i H edmark fylke; den skriver 
seg fra F. C. ScHUBELERS innsamlinger i siste halvdel av forrige arhundre. 
Ellers har denne forsker pafallende li te a fortelle om bruk av furubark. 
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- Enkelte steder i Norge har t0rket og smaknust furubark vrert lokal 
handelsvare; saledes opplyser en mann fra Hattfjelldal i Nordland i et 
brev til Bot. Museum (han var fodt i 1851) at slik bark hle betalt med 
1 ort pr. vag. 

Amanuensis FINN-EGIL ECKBLAD har foretatt en mikroskopisk-anato­
misk unders0kelse av ScHUBELERS pr0ve av furubarkmel fra Finnskogene. 
Han uttaler: >>Pr0ven er temmelig ensartet lysebrun. Melet er laget ved 
oppflisning av harken parallelt med stammens overflate. De enkelte brok­
ker er £late, tangentiale utsnitt av harken. Hvorledes harken har sett ut i 
radial- og tverrsnitt, kan en derfor ikke se av melpr0ven. Imidlertid ses 
tydelig bade vertikale og horisontale parenkymceller. De siste represen­
terer margstralene, og im1eholder undertiden harpiksganger. Srerlig tyde­
lige blir parenkymcellene ved tilsetning av jod-jodkalium, som viser de 
store mengder stivelseskorn. Ved sammenligning med de plater av t0rret , 
preparert innerbark som likeens finnes i ScHUBELERS samling, og som 
melet er laget av, blir anatomien lettere a forsta. Platene er ea. 1 mm 
tykke, og ma ha vrert ganske myke for de ble t0rket, da et par av dem 
har vrert brettet helt sammen. Platene er apenbart fremkommet som 
tangentiale avskrellinger, dette ser en av den makroskopiske struktur og 
av margstralenes retning. De siste er sterkt buktet, og ses pa tverrsnitt 
a ga fra den ene bredsiden til den andre. Buktingen er arsak til at marg­
stralene ses i lengdesnitt bade pa tangential- og radialsnitt. - Gjennom­
gaende er de to bredsider pa hver enkelt plat~ forskjellige, idet det pa 
den ene sitter rester av kor k i m0rkere flak. Hos unge furustammer 
dannes korkkambiet som en ring fra det 3. eller 4. subepidermale lag. 
Men som kjent dannes det hos eldre stammer uregelmessige, isolerte, 
sekundrere korkkambier lenger inne. Utenfor disse blir det da liggende 
deler av silvevet, som etter hvert d0r og forandres. Korkcellene far sterkt 
fortykkede vegger og blir til steinkork. - Ved den mikroskopiske analyse 
av innerbarkplatene viste det seg at disse, bortsett fra de tynne flak av 
kork, utelukkende bestar av silvev og margstraler. Bare hist og her 
ses spor etter en begynnende forvedning (floroglucin-saltsyre-reaksjon pa 
lignin), og da alltid i den del som ligger nrermest korklaget. Korkkambiet 
er synlig pa innsiden av korkcellene ; dette viser at korklaget er knyttet 
til vedkommende innerbarkplates ytterside. Imidlertid gir celJeveggene 
en treg, men likevel tydelig cellulose:reaksjon. Karakteristisk er videre den 
store mengde stivelseskorn. Disse er lokalisert dels til de vertikale 
parenkymceller, dels til de horisontale margstraler. Silr0renes vegger 
viser i tverrsnitt et rynket omri:.is , noe som dokumenterer at de ikke kan 
vrere nydannet. Heller ikke her (jfr. under alm) er altsa siste ars sildel 
kommet med. 
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De mikroskopiske data viser altsa at man til barkebr0d av furu nyttet 
de indre deler av den sekundrere bark. H0yst sannsynlig holdt 
man seg innenfor de innerste korklag, slik at melet for en overveiende 
del kom til a besta av enna levende deler av silvevet. De korklag som 
kom med ved barkflekkingen, ble trolig senere omhyggelig skrapt av. I 
ScHUBELERs melpr0ve finnes, som ovenfor nevnt, overhodet ikke spor av 
korkceller<<. ECKBLAD uttaler ellers at av de to melpr0ver som finnes pa 
Bot. Museum, er furubarkmelet rikest pa stivelse. >>Det synes derfor klart 
at stivelsesmengden ikke har vrert utslagsgivende nar folk har foretrukket 
almebarkmel fremfor furubarkmel , men at andre faktorer har spilt inn« 
(jfr. almen nedenfor). 

Sa lenge det fantes kornmel i huset, ble barkemel aldri brukt alene. 
Det var sikkert et meget vanskelig arbeid for kvinnene a lage furubark­
br0d (se avsnitt IV nedenfor). Her vil jeg med en gang innskyte den 
bemerkning at barkebr0d, slik som det omtales i nordiske kilder , alltid ble 
stekt som flatbr0d eller knekkebr0d ; det var et ugjreret br0d1 ). Stun­
dom ble det stekt i gryte, eller pa panne i jernringer ; men som oftest var 
fremgangsmaten den samme som ved flatbr0dbaking. Barkemelet ble 
eltet til en deig i et trau under stadig tilsetning av kokhett vann; sa ble 
deigen slatt opp pa et bord og kjevlet ut , og stekt pa helle eller >>takke<<. 
Stundom har folk ogsa brukt et slags vaffeljern (KEYLAND; PERSSON). 
I Dalarna ble deigen ofte klappet sammen til en sylinder, og ved hjelp av 
en lintrad ble denne delt pa tvers i >>etasjer<<, som sa ble stekt pa ovn eller 
takke. - Hvorledes fremgangsmaten var f. eks. i middelalderen og for­
historisk tid, vet vi ikke noe om ; men funnet fra Ostergotland tyder pa 
at barkebr0d opprinnelig ble bakt som sma kaker og stekt pa rist. 

At dette furubarkbr0det har krevd en robust ford0yelse , er tydelig nok. 
Det fremkalte kolikk og kardialgi. Professor ZETTERSTEDT sier i sin 
interessante reiseberetning fra Syd-Lappland 1832 at furubr0det smaker 
>>vederviirdigt<< for den som ikke er vant ved det. - I sin beskrivelse over 
Trysil prestegjeld fra 1784 (trykt 1797- 98) uttaler presten AXEL CHRI­
STIAN SMITH at Trysil er barkebr0dets rette fedreland, men ogsa at 
>>Barke- eller Avnebr0det maa vrere den hungrige Mave en af de Herrer 
Jobs Trostere.<< - ANDERS J. RETZIUS (1806) uttaler folgende om furu­
barkbr0det: >>En usel foda, hvarmed de knapt kunna uppehalla livet , 
och hvaraf de altid, nar de nagon tid deraf lefvat, fa en upblast kropp, 
blek eller svartbla hy, stora och harda magar, forstoppning och til slut 
vattensot, som andar elandet.<< At dette br0det svekket folks motstands-

1 ) At man ogsa i Norden har brukt den metocle a blande furubarkmel i en syret deig 
av kornmel for a spare pa det sist e (jfr. lVIANNINENS uttalelse om anvendelse av barkemel 
hos syrjenene i Russland, citert ovenfor), ses av RETzrns' bok (p. 519). 
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kraft og gjorde dem til et lett bytte for alskens epidemier, smrlig dysenteri , 
kan ikke vmre tvilsomt. KEYLAND anser likevel RETzrus' karakteristikk 
for a vmre overdrevent pessimistisk. I det 18. arhundre fikk barkebr0det 
direkte skylden for dysenteri, og etter hva ernmringsfysiologen, professor 
RAGNAR NICOLAYSEN, Oslo, har fortalt meg , eksisterer det en slags 
hunger-dysenteri som ikke er bakteriell, men iallfall delvis en avitaminose 
(vitaminmangel). At imidlertid furubarkmel inneholder en del C-vitamin, 
og i noen grad forhindrer skj0rbuk, ble pavist av dr. JoHAN URBYE i 1937. 

En sjelden gang far barkebr0det ros. En dansk hmrforer skal i begyn­
nelsen av 1500-tallet ha sagt om de seirrike dalkarlar: >>Fanden maa stride 
med et Folk som mder Bark og drikker Vand !<< ( citert hos KEYLAND etter 
en kilde fra 1843). Dette ma helst tas som en kompliment til dalkarlarna 
og ikke til br0det. 

La oss h0re hva en h0y norsk militmr 200 ar senere har a si om barke­
br0det: I 1742 skriver major DE SEUE i et et brev, datert Vestby i Sma­
lenene 24. april, til generalmajor HUITFELDT pa Elingard, athan, DE SEUE, 
har over 22 mann i sitt kompani som er sa medtatt av sult at de ikke er 
istand til a utfore noe som helst militmrarbeid. Noen forteller at de har 
spist barkebr0d og drukket vann til i over 2 maneder. Rett som det var, 
hendte det at soldatene falt sammen under eksersisen ( disse opplysninger 
har jeg fra en artikkel >>Hardar i gamle dager<< av CARSTEN B0RGE, trykt i 
>>Arbeiderbladet<< i Oslo den 17. november 1934). 

Nar GERHARD ScH0NING i 1770-arene fra Tr0ndelag skriver at for folk 
i Selbu er br0d av furubark en delikatesse, sa har jeg vanskelig for a tro 
ham. Men av EcKBLADS utredning (se ovenfor) kan man trekke den slut­
ning at hvis folk ikke la tilstrekkelig arbeid pa barkens rensning, ville 
melet bli rikt pa korkceller (og eventuelt harpiksholdige fragment); at 
det br0det som da ble bakt, var usundt , synes opplagt. Men der har tyde­
ligvis vmrt kvalitetsforskjell, og jo mer avkreftet folk var i n0dsar , desto 
mindre arbeid la de vel pa harkens rensning. - Atskillige forfattere, bade 
finske og norske, hevder at folk i det 18. og 19. arhundre fortsatte med a 
bruke barkemel i br0det selv i gode ar for a holde magen sa a si i trening, 
og dette var vel i og for seg klokt. Forstandige folk hadde ogsa alltid et 
lager av finstampet bark eller av barkemel staende pa stabburet forat ikke 
n0den skulle komme bratt over dem. - Av bade norske og svenske kilder 
fremgar det at barkemel i ikke liten utstrekning ogsa har vmrt brukt til 
grnt og velling. 

Jeg skal ikke her fors0ke a mane £ram hungersn0dens sp0kelse. Jeg vil 
bare nevne at en rekke forfattere fra slutten av 1700-tallet og begynnelsen 
av 1800-tallet uttaler at i innlandsbygdene var n0den synlig pa lang 
avstand: skogen var i en miserabel forfatning; det la tett i tett med hvite, 
avbarkede furutrmr pa marken, ofte sa tett at det var vanskelig a komme 
£ram. Og hesjer med furubark var alltid et forvarsel om at kom man til 
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en gard eller husmannsplass, ville man treffe utmagrede mennesker i den 
bitreste n0d, og oftest sykdom og d0d. MAXIMILIAN AxELSONS skildring 
fra Varmland og Finnskogene ea. 1850 og MANNINENS opptegnelser fra 
Ilomantsi 1919 er sikkert ikke overdrevne. 

IV. Almebarkens fordeler som melsurrogat i forhold 
ti1 furubark. 

I Norge er visstnok PEDER CLAUSS0N FRIIS (1545- 1614) den forste 
som uttrykkelig nevner almen (Ulmus glabra) i samband med barkebr0d. 
Han skriver, som for nevnt, at i arene 1596- 97 og 1598 ble almebark 
brukt bade av fattig og rik som n0dhjelp for korn pa >>Agdesidell((. Fra 
1631 og £remover til n0dsarene 1812- 13 har vi i norsk litteratur en lang 
rekke opplysninger om uar, barkebr0d og alm. I 1762 skriver saledes 
presten HERMAN RUGE i en avhandling om skogplantning: >>Naar Noden 
driver Menneskene til at spise Barkbr0d, vil jeg mindst ynke dem som 
have Barkmel af Alm til Brnd.<< Og samme ar star det i >>Svensk Hushalls­
magazill(( at almebark var sa alminnelig brukt som erstatning for korn i 
Bahuslen at det na (1762) bare finnes fa almetner tilbake. Ellers har vi 
en mengde direkte og indirekte vitnesbyrd om almebarkens fortreffelighet 
sammenlignet med furubarkens. Naturlig nok skriver de fleste av disse 
beretninger seg fra n0dsarene 1812- 13. Jeg skal her nevne noen eksempler 
av litt forskjellig art. 

Fra utskiftningsformann ToRLEIF P. P. SPILLING, Kristiansand, har 
Botanisk Museum mottatt et brev, datert desember 1932. Han skriver 
her: >>Det er ikke helt ualminnelig her pa Sorlandet at den sakalte >>baste­
skog<< (alm og lind) fra gammelt ligger i fellesskap til samtlige bruk i ett 
og samme gardsnummer. - - - Hva almen angar, har jeg oppfattet 
forholdet som et uttrykk for treets gamle betydning for folkenreringen i 
vanskelige tider. Den gamle betydning av alme- og basteskog er na en 
saga blot. Under utskiftningsforretninger oppheves alltid dette fellesskap , 
idet skoggrunneieren fremtidig blir eneeier av all skog og skoggrunn innen 
sitt omrade. - I de senere ar har der i min praksis kun forekommet 
ytterst fa tilfelle av ovennevnte art (almetreet). Fra omrking 1909: 
Langerak i Bygland herred. Fra iar, 1932, Feland i Spangereid herred. Pa 
sistnevnte sted eier gardens 2 oppsittere 4 stykker almetrrer felles og 
staende i det ene bruks skoggrunnsstrekning.<< 

Jeg gj0r na et sprang til Osternya i Haus, nord for Bergen. I et brev 
som professor J.M. THUN.lES ved Norges Landbruksh0yskole skrev til 
vaktmester 0LAF HANSSEN i desember 1932, star: >>Pa garden Vikne , 
beliggende ved sj0en pa vestsiden av Osternya i Haus i Hordaland, for­
talte en gammel mann meg for omtrent 20 ar siden at der pa et av Vikne­
brukene stod et almetre som tilhorte et bruk pa garden Nordre Veset , 
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Fig. 4. Parti av den bekjente ,,almeskog« ( U lmus glabra) vecl Ytre Krok en, Hafslo i Sogn. Sognepresl S0nEN Fmrs skriver 
i sin beskrivelse fra 1816 at a lm eskogen ,,bruges af Eyernc forn emmelig Li! Foder for Creaturene, som og mange fallige 
faae Tillaclelse cleraf at tage Brocl-Surrogat« (Manuskr. Norske Riksarkiv, publisert av statsarkivar J. J. S. Fnns). 
Gouache av Jo1-1. FuNTOE 1816. Trestammene viser tyclelige spor eLLer generasjoners bruk. I forgrunnen Lil l10yre 

A conilum seplenlrionale. Almeskogen eksisterer fremdeles . 
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Fig. 5. Gammel aim, kalt »Synneva-almen«, Folkeclal, Harclanger. Star i en fjellkloft 
og er bare til gjengclig ovenfra (man m a heise seg ned i e t langt tau). B mrer spor etter 
langvarig bruk. Er trolig iclentisk m ed clet av T11. S. I-IAUKENJES omtalte tre (1885) . 

Foto lektor J. H A UKANES 1930. 

som ligger over ½ roils vei derfra, inne pa 0ya i ea. 300 m.s h0yde over 
havet. Her har vi altsa en levning fra en ordning til hjelp i n0dsar (garden 
Vikne ble offentlig utskiftet i 1922, men bruksretten ble vel da glemt). 
Et av brukene heter Almane<< ( = almene, bestemt form pluralis av alm). 

Ellers fremgar det av HoLMBOE 's notater fra norsk topografisk littera­
tur at almen iallfall lokalt er blitt helt eller delvis utryddet i visse 
stmk som folge av voldsom pagang i n0dsar. Dette gjelder srerlig 0st­
landets store dalforer og Tr0ndelag. Jeg selv har i arenes l0p botanisert 
meget i Mj0straktene og Gudbrandsdalen, og det har slatt meg hvor 
sparsomt almen opptrer her, i betraktning av at den har sin nordgrense 
pa 0stlandet rner Otta stasjon og i Jutulhugget ved Barkald i Nordre 
0sterdalen. Fra Sylling, Spydeberg, Jevnaker, Ringebu og mange andre 
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steder 0stenfjells, og fra Selbu og flere steder i Tr0ndelag, har vi auten­
tiske opplysninger om tilbakegang eller utryddelse av alm fra slutten av 
1700-tallet og £ram til 1812- 1813. - Fra Sunnfjord finnes en opplysning 
om at i 1812 ble 1 vag almebark betalt med 3 ort og 12 skilling. 

Et interessant avsnitt om almen £inner vii MARCUS ScHNABEL's >>Ud­
kast til Beskrivelse over Hardanger<< 1781 (jeg holder meg her til Olafsens 
utgave av 1912): >>Almetrrerne, som i Hardanger er almindelige, holdes av 
B0nderne i stor JEre og blir av en del plantet<< (ogsa fra Havin i Telemark 
og flere andre steder har vi sikre opplysninger om plantning av almetrrer 
nrer husene pa gardsbruk). >>Hvilken Pris man her sretter paa de gamle, 
ved Gaarden staaende Almetrrer - som ofte har vreret kollede og ofte er 
hule indeni, men dog endnu har Frodighed nok til at srette nye Grene -
kan sluttes deraf , at da der paa Gaarden Bagne i juni 1724 blev holdt 
Stevnings-Forretning, blev i samme Akkord indfort at en Alm-Stnv, der 
stod paa den Manden tildelte Gaard, og som utgjorde Halvdelen af den 
hele Gaard, skulde vrere delt til Brug i 4 Parter ligesom hele Jorden, og 
han have den halve Del, men de 0vrige hver en Fjerdedel.<< Av Botanisk 
Museums arkiv fremgar at der i N orge finnes bevaret et ganske stort an tall 
almetrreer som ifolge tradisjonen ble flekket i n0dsarene omkring 1812. 

I en bok av TH. S. HAUKENA;;S fra 1885 om >>Natur, Folkeliv og Folke­
tro i Hardanger<< fortelles det om en mann som skulle gifte bort sin 
s0ster, og gjerne ville gi henne en skikkelig gave. Han valgte a forrere 
henne en prektig alm, som imidlertid sto i en avsides liggende fjellkl0ft; 
ja, treet var bare tilgjengelig ovenifra hvis man heiste seg ned i et 30-
40 favner langt reip. I fortellingen heter det at gaven ble mottatt med stor 
glede og takk, og at den siden ble >>flittig brukt.<< Det er mulig at dette 
treet enna eksisterer (se fig. 5 med forklaring). 

I motsetning til furu- , gran- og bj0rkebark inneholder almebarken ikke 
harpiks, og i motsetning til f. eks. eike-bark, som er voldsomt rik pa 
garvesyre og ubrukelig til mat, inneholder almebark beskjedne mengder 
garvesyre, og smaker derfor bare svakt sammensnerpende. Den anbefales 
ikke til garving. Til dette kommer at innerbarken av alm foruten stivelse 
og eggehvitestoffer ogsa inneholder p 1 ante slim. Vi er her ved et viktig 
punkt: en av de st0rste vanskeligheter ved baking av n0d­
br0d , er a fa deigen til a henge sammen, slik at den kan 
kj ev les u t. Furubarken inneholder praktisk talt ikke noe klebestoff. 
Hos vare kornslag er det eggehvitestoffer i det modne fr0s ytre lag som 
gir melet glfrten (klebestoff) , og allerbest i denne henseende er hvete , 
dernest rug. 

[A skaffe klebestoff til deig av furubarkmel i n0dsar har uten tvil vrert 
et stort problem for kvinnene. Av Botanisk Museums arkiv fremgar det 
at man har kokt en gr0t av syreblad (Rnmex acetosa) og blandet med 
furubarkmel. Meget interessant er en opplysning fra Folla i Nord-Tr0nde-
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Fig. 6. Velbrukte almetr::cr ( ,> Nestas-alman e,,) i et st yg t elvegj el pa H auk anes, H a rcl anger. 
Foto lcktor J . 1-IA U KA N E S 1930. 

lag om at folk kokte uttrekk av en urt >>fjellbue<< og satte til deigen ; denne 
urten skal inneholde et limaktig stoff. En prnve i arkivet viser Gnaphalium 
norvegicum ( bue er i Nord-N orge A rtemisia vulgaris; Jjellbue har lodne 
blad og sma kurver som en A rtemisia, og den har vel fatt dette navnet 
av denne grunn og fordi den i motsetning til den nevnte Artemisia opp­
trer til £jells). Ogsa den lyse , indre delen av turt-stengler (Mulgedium 
alpinum) og rottene og rotstokkene av geiterams (Ohamaenerium angusti­
folium) har vooret kokt , og vesken brukt som tilsetning til furubark-mel 
ved brndfremstilling.] 

Barken av visstnok alle de 15 forskjellige alme-arter som i var tid finnes 
pa kloden, inneholder eiendommelige celler med slim i celleveggene. Setter 
man vann til pulverisert innerbark av alm, omdanner denne seg i l0pet 
av kort tid til en limaktig, sleip masse. Allermest fremtredende er dette 
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hos den nordamerikanske art Ulmus fulva , som kalles >>slippery elm<<. Dens 
pulveriserte bark anvendes i £armasien og har et ganske stort indikasjons­
omrade i amerikansk og europeisk medisin. 

Av de europeiske alme-arter er bar ken av Ulmus carpinifolia ( = U. 
campestris), en sydlandsk art som ikke finnes i Norge, overordentlig 
slimrik, og den har helt siden den klassiske oldtid vrert brukt til medisin 
bl. a. fordi den ogsa virker adstringerende f. eks. pa sar (se siste avsnitt). 
Den har ogsa like til var tid funnet anvendelse som slimdroge i euro­
peisk £armasi, men er na utkonkurrert av Ulmus fulva. 

I virkeligheten er den i Norge viltvoksende alm , Ulmus glabra, den av 
de europeiske arter som har den slimfattigste bark ; men ikke desto mindre 
er den alle andre nordiske trrer overlegen nar det gjelder fremstilling av 
barkebrnd. Til alle arstider kan man lett overbevise seg om Ulmus glabra­
barkens slimrikdom: man flekker bar ken av unge skudd og legger strim­
lene i lunkent vann i 24 timer. Lar man vannet bare dekke strimlene i 
vedkommende kar, vil det anta en limaktig konsistens. Slimet har en 
srermerkt, men ikke sterk lukt, som minner noe om duften fra et 0lfat. 

Et av de str0k i Norge som har, og har hatt, srerlig meget alm , er Nedre 
Romsdal og Eikisdalen . I en rekke kilder fortelles det at folk fra 0vre 
Gudbrandsdalen (Lorn , Dovre og Lesja) dro til Romsdalen i n0dsar for a 
kj0pe eller bytte til seg almebark. Og fra Rogaland i s0r til M0re i nord 
finnes det beretninger om at fiskerbefolkningen fra de ytre kystdistrikter 
i n0dsar har s0kt inn i fjordene med sin beste fisk , srerlig laks, for a bytte 
til seg almebark. - Srerlig Eikisdalen er i denne sammenheng interessant. 
Overgartner SOREN STEINSVOLL i Botanisk Hage pa T0yen forteller at 
folk i nabobygdene kalte Eikisdalen >>Almebrnd-Kanaall((. En utmerket 
mann i Eikisdalen, som jeg selv kjenner, TROND UTIGARD, forteller fol­
gentle: Pa forsommeren da almen slapp bar ken godt, tok folk hjem den 
harken de ville ha til folkemat . De tok da de frodigste , unge, 2- 3 ar 
gamle kvistene og renningene, hugget dem av, og fladde 10s barken. Sa 
fjernet de med kniv den grabrune ytre hinnen pa yttersiden av bark­
strimlene; den matte vekk, ellers ble >>mj0let ikkje etande<<. Sa hakket de 
disse renskrapte strimlene sa sma som de kunne1 ) , og la det hele utover 
et gulv hvor solen slapp til ; der la smabitene til de var knast0rre. (Ra­
materialet kunne selvsagt ogsa t0rkes pa badstue). Sa fylte de materialet 
i sekker og fraktet til kvernen , og malte det idet de tok bort >>skaketeinell(( 
og sto foran melkisten og karet materialet med hendene ned i kvern0yet. 
Sa hadde de >>almemj0k En prnve fra ScHUBELERS samling viser at 
fargen er rndgul. Folk blandet dette med bygg- eller havremel eller bland­
kornmel; men i darlige ar var det alltid lettkornmel som ble brukt sam­
men med almemel til flatbrnd, sier Utigard. 

1 ) gjerne med et eget redskap, ofte et gammelt Jjilblad pi\ et hakkebretl med en ar­
reteringsmekanisme i form av en kroket treplugg (Bot. Museums samling, se fig. 8). 
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Pig. 7 . Kn ippe av almebark-str iml er (ravare), beregnet pa frem slillin g av a lm emcl. Pa 
disse slrimler er enna ikke korklaget og den klorofyllholdige prim::c rbark J'jern el. Inn sendt 
fra E ikisdalen, More og Romsdal fylkc, av T RON D U n GAHD 1933 . Botanisk Museums 

samli nger, Oslo. 

P a Vestlandet har t0rkingen av almebarkstrimlene budt pa visse van­
skeligheter grunnet den store nedb0r og luftfuktighet, iallfall i de ytre 
fjordstr0k. Av Botanisk Museums arkiv kan man se at en mann i Tafjord, 
nordligst pa Sunnm0re, har sendt museet en merkelig kiste eller et k ar , 
laget av en eneste, grov furu stamme ved uthuling. Kisten , som i ved­
kommende dialekt kalles brydja, skal ifolge tradisjonen ha vrert brukt ute 
i marken i n0dsar ved barkflekking av alm. Barkstrimlene ble lagt oppi 
denne brydja sammen med opphetede steiner, og det hele dekket til med 
et lakk og et klede. Barken skulle da bli srerlig god (utvilsomt fordi alt 
slimstoffet ved denne fremgangsmate ble reddet fra utvaskning og for­
urensning i regnv::_er). Sannsynligheten taler for at denne sjeldne og sik­
kert meget gamle gjenstand er havnet pa Norsk Folkemuseum. 

Amanuensis FrnN-EGIL ECKBLAD har foretatt en nrermere under ­
s0kelse av to alm-preparater som finnes i professor ScHUBELERS etter­
latte samling pa Botanisk Museum i Oslo. Begge er fra Ullensvang i Har­
danger , men ikke pafort noe arstall. Det ene viser 3 almebarkremser, 
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Fig. 8. Enkelt apparat til a kutte opp almebark strirnler i smabiter for torkingen . Skj ::cre­
lrniven er et utslitt Jjablad. (Bark s trirnlene p a bildet er enna ikke befridd for kork ; dette 
bl e gjort vcd skraping m ed kniv). Laget etter erinclringen av THO N D U TIGAHD, E ikisclalen, 

More og Rom scial fylke, 1933. Botanisk Museum s samlinger, Oslo . 

sorn ved innt0rring har rullet seg sammen pa tvers av lengderetningen. De 
er flekket av almekvister eller renninger sorn knapt kan ha vrert mer enn 
3 ar gamle, og de bekrefter riktigheten av TROND UTIGARDS opplysninger 
fra Eikisdalen. Den andre proven er av alme bar kmel. Den viser tydelig 
tendens til a flokke seg sammen i lose baller, og dette skyldes ifolge 
ECKBLAD de lange seigbastfibrene, som lett filtrer seg inn i hverandre. 
Personlig har jeg fatt det inntrykk at denne melpr0ven ikke er helt 
t ypisk, men snarest er en rest som er blitt staende igjen etter at den mer 
verdifulle , pulveraktige del av melet er blitt frasiktet. ECKBLAD uttaler : 
>>Bort sett fra bastfibrene finnes der apenbart en del silparenkym , 
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margstraleparenkym og silr0r. I preparatet er imidlertid disse 
elementer ikke Jette a bli klok pa. Dessuten forekommer noen store 
slimholdige celler (jfr. E. RAMSTAD 1940), noe som er srerlig karak­
teristisk for alm. Imidlertid er de av TROND UTIGARD innsendte bark­
strimler fra Eikisdalen viktige ; jeg har ogsa etterpr0vd disse pa friske , 
unge almekvister i roars 1954. Bade rnakroskopisk og mikroskopisk er 
det Jett a se at harken ved snitting med kniv og avrivning med handen 
spaltes l0s i skillet mellom s i ste og nest siste ars s ildel. Nar 
en sa etterpa vil fjerne barkens n10rke ytre lag fra det lyse indre ved 
skraping rned kniv, skjer den nye spaltning i skillet niellom primrer 
og sekundrer bark. Noen biter av den primrere bark blir ofte sittende 
igjen pa den sekundrere; men disse fjernes vel ved etterbehandlingen. 
Det som nyttes til alrnebarkmel, er altsa praktisk talt hel e den sekun­
d re re bark ; denne inneholder n0yaktig de samme elementer som mel­
pr0ven fra Ullensvang. Karakteristisk for denne er at den ikke viser det 
ringeste spor av hverken kork- eller vedelementer. Selv om den forelig­
gende pr0ve kanskje ikke er helt representativ - den virker noe >>mager<< 
- er det ikke tvil om at barkemel av alm ble laget av den sekundrere bark. 
Angaende nreringsmengden, sa b0r dette sp0rsmal overlates en kjemiker. 
Det eneste jeg bar kunnet fastsla ved de enkle midler som star til min 
disposisjon, er et visst innhold av stivelse i parenkymvevene. Stivelses­
kornene er ganske sma, og den totale mengde av stivelse synes a vrere 
langt mindre enn i de unders0kte preparater av £urn fra Finnskogene.<< -

Med hensyn tilde slimholdige celler uttaler RAMSTAD (1940) at de hos 
Ulmus glabra (R. bruker navnet U. montana) fortrinsvis finnes i den 
primrere bark; de opptrer ogsa hist og her i den sekundrere bark, men 
bare i de forst dannede lag. Etter hvert som tykkelsestilveksten skrider 
fram, opph0rer dannelsen av slimforende celler fullstendig , i motsetning 
t il forholdet hos Ulmus carpinifolia (av RAMSTAD kalt U. campestris). 
Disse av RAMSTAD beskrevne forhold gir oss en naturlig forklaring pa 
den av TROND UTIGARD omtalte sedvane, nemlig at bare barken av 
2-3 ar gamle almegrener og skudd ble brukt til barkemel. Folk i norske 
bygder ma utvilsomt meget tidlig ha oppdaget at bare ung almebark 
gir mel og deig med klebestoff. Ellers tyder enkelte opplysninger som fin­
nes i Bot. Museums arkiv, pa at folk i ekstreme n0dsar ogsa har flekket 
bark av selve almestammene ; men dette har trolig vrert gjort i despera­
sjon, og av ukyndige folk. 

For om mulig a skaffe sikre opplysninger orn a lm eslirnets kj em iske 
sammensetning, henvendte jeg meg i 1953 til mine kolleger ved Far­
mas0ytisk Institutt , Universitetet i Oslo. Sannsynligheten talte for at man 
hos var hjemlige alm ville finne lignende kulhydrater som de av GILL, 

HrnsT, JONES og HouGH paviste d-galacturonsyre, d-galactose, 3-methyl­
d-galactose og 1-rhamnose i barkslimet av den amerikanske Ulmus fulva 
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(1939; 1946; 1951). Etter oppfordring fra professor A. NoRDAL tok cand. 
pharm. fru DAGRUN 0rsETH fatt pa oppgaven. Som ramateriale ble 
benyttet harken fra unge grener og kvister av Ulmus glabra, innsamlet 
fra viltvoksende tner pa T0rtberg i Stor-Oslo. Fru 0rSETH har godhets­
fullt stilt et resyme av sine unders0kelser til disposisjon for denne av­
handling: 

>>Barken viste seg a inneholde slimceller bade i primair- og sekundair­
barken, minst i den siste. Slimet ble isolert av et vandig uttrekk ved fel­
ling med alkohol. Fellingen var hvit, >>pussegarnlignende<<, og utgjorde 
etter t0rring 2 % av den friske bark (denne var pa forhand befridd for 
kork). Som nedenstaende tabell viser , fikk jeg n0yaktig kvalitativ over­
ensstemmelse i forhold til de hydrolyseprodukter som HIRST, JONES & 
HouGH har pavist hos Ulmus fulva. Jeg var spesielt interessert i a under­
s0ke om 3-methylgalactose ogsa fantes blant hydrolyseproduktene fra 
U. glabra, og det lyktes meg ganske riktig a pavise en mono-methyl­
galactose som oppforte seg papirkromatografisk overensstemmende med 
3-methylgalactose fra U. fulva. - Uoverensstemmelsen i tabellen for de 
siste tre komponenter beh0ver ikke a bety at sammensetningen er forskjel­
lig, idet sa meget her kan spille inn. Planteslim er en vanskelig stoff­
grnppe a arbeide med, bl. a. fordi man ikke ved vanlige metoder kan 
avgj0re hvor vidt slimet er rent eller bestar av flere komponenter. - Ved 
den kvantitative unders0kelse anvendte jeg samme metodikk som HIRST 
& al. Mine resultater avviker ikke meget fra det som er funnet for U.fulva. 

Ekvivalentvektene, som gir uttrykk for uronsyreinnholdet, er av samme 
st0rrelsesorden (med den metode vi har til radighet, kan vi ikke gj0re 
regning med st0rre n0yaktighet enn ± 20 % ) . 

3- Methylgalactose-innholdet stemmer overens ifolge methoxylbestem­
melsen. Avvikelsen som faes etter den annen metode, legger jeg mindre 
vekt pa, idet en methoxylbestemmelse i dette tilfelle nok gir et sikrere 
uttrykk for innholdet av methoxylsukker. 

Rhamnose-innholdet avviker betydelig, og av den grunn kan jeg ikke 
trekke den konklusjon at slimene er identiske. P a den annen side kan 
den lave verdi jeg har fatt , skyldes at hydrolysen ikke er fort sa langt som 
for Ulmus fulva's vedkommende, tross samme behandlingsmate. Rham­
nosen er nemlig meget fast bundet i slimmolekylet. 

Etter en rask unders0kelse i tilgjengelig litteratur angaende sp0rsmalet 
om organismen kan nyttiggj0re seg et slikt slim, har jeg bare funnet 
folgende (i referat fra E. RAMSTADS forelesninger): >>De fleste mucilaginosa 
er ford0yelige, og er da pa produksjonsstedet mer eller mindre i bruk som 
mcringsmidler (Gummi Arabicum, Salep, Agar, Carrageen).<< 

Ifolge RAMSTAD (1940) inneholder barkparenkymet hos Ulmils glabra 
foruten stivelse ogsa en stor mengde oljedraper. Legger vi na sammen 
hva vi idag vet om almebarkens kjemi, sa ser vi at den inneholder 
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(1.) stivelse; (2.) planteslim , som vedhydrolyseleverer ford0yelige 
kulhydrater ; (3.) £et olje , og (4.) eggehvitestoffer (disse ma fin­
nes i silmrene). Innerbarken av Ulmus glabra ma folgelig vrere et ganske 
h0yverdig nreringsmiddel. Til dette kommer, som en vesentlig fordel i 
forhold til f. eks. furubarkmel, det allerede ovenfor nevnte forhold at 
almemel ved tilsetning av vann gir en deig som takket vrere slimet er 
seig og kan kjevles ut. Dette forhold gj0r ogsa at almebarkmel er meget 
verdifullt som tilsetning til lettkornmel, agnemel, halmmel, furubark­
mel og andre surrogater som har lite eller overhodet ikke noe klebestoff i 
seg. Endelig har almebark det store fortrin fremfor furubark at den 
ikke trenger a vaskes ut , ja en utvaskning (utvanning) vil fore til 
at de verdifulle slimkomponentene gar tapt. 

Av kildene fremgar det at almeflatbmdet hadde en noe besk og sam­
mensnerpende smak, men det roses som langt bedre og sundere enn alle 
andre slags n0dbr0d. En pmve som TROND UTIGARD selv har bakt etter 
gammel oppskrift ( 50 % byggmel og 50 % almemel) og skjenket Botanisk 
Museum i Oslo, har en mild smak. Pa tungen og ganen virker det omtrent 
som havreflatbr0d. Fargen er imidlertid m0rkere. Jeg har pmvd a be­
stemme fargen etter MAERZ & PAUL: A Dictionary of Color (1950), og er 
blitt staende ved plate 13, 7, A- D (French Beige - Oakbuff). I dette 
tilfelle er almemel ogsa brukt som >>breidemj0l<< under bakingen. 

I de deler av vart land der almen er eller har vrert viltvoksende, har 
den vrert mat-reserven. Og da deter de 2- 3 ar gamle grenene eller 
renningene som gir det beste melet , har folk direkte hatt fordel av a 
beskjrere almen (fig. 5 og 6), eller som det heter i norske dialekter: a styva , 
kolla, kylla eller pila. Det siste, pila , brukes meget pa Nordm0re. Dette 
verbet betyr egentlig >>plukke av, skrelle<< og svarer til engelsk to peel. 
Ifolge ALF TORP (1919) dreier det seg om et gammelt lanord, latin pilare. 
I Sunndalen og Todalen heter en kappet alm en almpil. 

Selv om folk i Norge i var tid ikke lenger bruker almebark til mel , 
griper bondekvinnene srerlig pa Vestlandet av og til fremdeles til alme­
barken, nemlig for a fa f. eks. byggmel eller havremel av ringe kvalitet 
til a henge sammen nar de skal bake flatbr0d. Meget av det kornet som 
berges i norske bygder ogsa i var tid, er i enkelte ar mer eller mindre 
frostskadet eller darlig >>matet<<, og det har ringe bakeevne. Over store 
deler av vart land har bondekvinnene brukt folgende fremgangsmate: 
barkstrimler av alm blir lagt i lunkent vann et eller et par d0gn ; de skiller 
da ut en masse slim, og denne vesken blir brukt til a kna deigen 
i. Almen gir seiga eller seige, som det heter. I Indre Sogn (Vassbygdi i 
Aurland) kjenner jeg folk som like til for fa ar siden har brukt alm pa 
denne maten (jfr. ogsa VE op. cit. p. 77). Allerede MARcus SCHNABEL 
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forteller at en slik barkstrimmel kalles seiglengje i H ardanger. Ogsa i 
Sverige har almen vrert brukt pa samme mate (RETZIUS 1806 p. 746). 

J eg mener at i lys av de mange autentiske beretninger om bruk av 
almebark til menneskemat som foreligger fra Russland og Polen, fra 
China og andre deler av Asia , og de holdepunkter vi har ogsa i Frankrike 
(se ovenfor) , kan bruken av almebark til mel ikke vrere noen spesifikt 
norsk eller nordgermansk oppfinnelse. Jeg er overbevist om at vi her star 
overfor noe uhyre gammelt, e n rerverd i g kulturarv. Interessant 
nok er Norge det land i Norden som lengst har holdt pa denne arv. 

V. Andre eksempler pa bruk av aim i dagliglivet 
under naturalhusholdning. 

Det slimete, litt s0te uttrekket eller u tkoket som ung almebark gir 
med vann, har overalt i N orge, iallfall i gammel tid , v rert brukt som drikke 
til a fete k a l ver med. Ifolge HANS Ross (1895) kalles det almekvamp 
eller i v isse s0rnorske dialekter amekvamp; om selve tillagningen brukes 
verbet a kvamva. Andre navn er almelog , almelog. Fra Seljord i Telemark 
omtales dette f6rmidlet av H . J. WILLE 1786 under navnet Alme-Qvcerv. 
De eldste opplysninger har jeg funnet i CHRISTEN J ENSON's bekjente 
bok >>Den norske Dictionarium eller Glosebog<< fra ar 1646. Han var prest i 
Sunnfjord pa Vestlandet. Under a leser vi: >>Alm: er it slags Trre / huis 
grene gifuis F re om Vinteren / oc er saa gaat som H0e / men Barcken 
aftagen gifuet smaa Kalfue. Oc skal den Barck tagis aff huer andet Aars 
Alme / eller 3die Aars Alm; er det eldre / tiener det icke. Kaldis ellers 
Kalffue Karg / som kneptis sive persis i Vand t il K alffue ; och gifuis dem 
at Dricke<< (p. 4). Ordet korg eller korge i norske dialekter brukes mest om 
»bunnfall, berme<< . Verbet a knevte betyr >>a kryste , knuge, trykke sam­
men« (AASEN 1873). - Sannsynligheten taler for at dette fetningsmidlet 
fremdeles er i bruk i Norge. I lys av R AMSTADS resultater (1940) med 
hensyn til slimcellenes forekomst i harken, er J ens0ns angivelse (2- 3 ar 
gamle skudd) interessant. 

Mange steder har almebarken vrert, og er fremdeles , et slags nytelses­
middel. Ungdomen skjrerer biter av den og tygger i sevjetiden om varen. 
Flere af mine kolleger ved Universitetet i Oslo kj enner denne bruk fra 
Vestlandet. Men den er ogsa kjent fra Northumberland og strnket mellom 
Durham og Berwick i Storbritannia: her kalles alm av barn og ungdom 
for chew-bark (BRITTEN & HOLLAND 1878). Ellers har det hittil ikke lykkes 
meg a finne angivelser om bruk av bark som melsurrogat i ht'itisk littera­
tur. Hverken FUSSELL (1949) eller ASHLEY (1928) nevner barkebr0d. 

Almens blad og kvist er (l0v) og bark regnes over hele Norge for a vrere 
et forsteklasses h u s dyrf 6r. De fleste kj enner det norske ordtaket >>rogn 



292 

foder, men alm gj0der<<, som iallfall er kjent fra l 760-arene1 ) , men sikkert 
er meget gammelt. I N orge har almen vrert >>h0stet<< pa to forskjellige 
mater. Om sommeren ble den >>lauvet<<, <let vil si at de unge kvistene med 
pasittende gr0nne blad ble skaret av med lauvlmiv (snidil), og etterpa 
buntet sammen til kjerv, som ble stablet opp eller hengt opp i <let fri til 
t0rk. Fra Hardanger anforer ALv AKSNES (manuskript, Bot. Museum, 
1951) lauving, kjerving, logging (av lauvging), alming som vanlige appella­
tiver. Alming brukes likevel bare pa enkelte steder der <let vokser 
srerlig meget alm. Ellers er vel lauving og lauvtaking de vanligste 
betegnelser. 

Imidlertid ble (og blir fremdeles) almen i likhet med mange andre 10v­
trrer ogsa h0stet pa ettervinteren og i sevjetiden om varen. I Hardanger 
kalles dette arbeid marking, andre steder i Norge trolig rising. Som ved 
lauving blir stammer og grener hugget med 0ks; men for alrnens ved­
kommende lager man sa ris n. eller beit f. (ogsa sveig, sveigja) pa den 
maten at de arsgamle eller 2-3 ar gamle kvistene blir knekket over med 
handen i passende lengder og buntet sammen. I Indre Sogn kalles slike 
bunter for pjaggar (VE l. c.); i Hardanger blir materialet ikke buntet 
sammen. Dette vinter- og varforet av alm (almeris ) brukes nesten bare 
til kuene, som eter knoppene, harken og de tynneste kvistene. I Hardan­
ger blir dessuten de unge almebladene pa forsommeren >>str0ket<< (stroke) 
av renningene og brukt i frisk tilstand som grisef6r. Det samme er tiUelle 
i Schweiz (BROCKMANN-JEROSCH 1918). 

Jeg selv har i ea. 20 ar botanisert meget pa Vestlandet, srerlig i Sogn og 
Fjordane, men ogsa i M0re og Romsdal fylke , og jeg har enna ikke sett 
et almetre, <let vrere seg nrer bebyggelse eller i utmark, som ikke har 
baret eldre eller yngre spor etter lauving og rising (se fig. 4- 6). Jeg har 
ogsa h0rt at hjorten skal vrere srerlig begjrerlig etter almebark, noe som 
allerede omtales av RETZIUS fra Sverige (1806 p. 746). 

Deter ingen overdrivelse a si at almen i Norge har vrert et slags »kultur­
tre<<. Den har ogsa mange steder vrert plantet ved hus og pa innmark, og 
den har vrert behandlet og beskaret pa en spesielt omhyggelig mate. 
I visse deler av Norge har folk ansett <let for a vrere galt eller farlig a felle 
almetrrer og bruke trevirket £. eks. til ski. Herredsskogmester EINAR 
S'l'OLTENBERG, Fyresdal, har gjort meg bekjent med slike ordtak fra 
Telemark, Numedal og Eiker som: >>Faen sitter (eller stc1,r) bakpa almeski<<, 
ell er: >>Den som renner 8eg ihel pa al mes lei, kjem lulct i helvete<< osv .H vis man 
sp0r folk om arsaken til denne tro, svarer de fleste at almeski er sa glatte 
at <let ville vrere farlig (>>speelegt<<) a renne pa dem. Men dette er utvilsomt 
et pafunn fra nyere tid. (Interessant nok finnes de samme talemater 

1) Av biskop Johan Ernst Gun nerus (Flora Norvegica 1766) oversatt til la lin saledes: 
,,Aucuparia et/ ii , saginal Ulmus ,, . I visse strok av Norge ersta LLcs rogn i dette ordlaket av 
ask (STOLTENB E HG 1947). 
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enkelte steder i Norge ogsa om ski laget av rogneved. Men rognen [Sorbus 
aucupari a] var jo i gammel t id det gjeveste man hadde t il skav for 
kreaturene, der hvor ikke alm fantes . Rognen har dessuten vrert et troll­
domstre , sa det er forstaelig at der bade til alm og rogn har lmyttet seg 
iallfall en mild form for tabu). - P a den annen side vet vi at trevirke av 
alm har vrert brukt til fremstilling av buer til a skyte med ; i skaldekvad 
er nemlig almr en kjenning for >>hue<< , og almf;ing en kj enning for >>Strid<<. 
Hvor vidt det i vare museer , srerlig de arkeologiske, er pavist st0rre tre­
saker av alm, vet jeg ikke. I nyere tid er alm blitt hugget til trevirke for 
m0belindustrien flere steder i Norge, ja allerede i 1786 skriver H.J. 
·WILLE at alm bl. a. brukes til sledemeier , sa tabuen har ikke vrert 
absolutt. 

Det er ett punkt med hensyn til almens bruk i Norden som enna er noe 
usikker t: i hvilken utstrekning har dens bast vrert preparert og brukt til 
tau og reip? Hittil har mine unders0kelser pa dette punkt falt negativt 
ut (bortsett fra tvilsomme opplysninger, beroende pa sammenblanding 
av alm og lind). Det eneste jeg vet , er at strimler av frisk almebark har 
vrert brukt ute i marken som breretau £. eks. i Romsdal. RETZIUS (1806) , 
som vier linden og lindebastfremstillingen i Sverige et langt kapitel, h ar 
intet a fortelle om almebast som tekstilmateriale. Imidlertid har Norsk 
Folkemuseum nylig sendt ut et sp0rreskjema i sam band med gammel 
norsk bastindustri , og dette vil trolig bringe klarhet i saken. F. C. ScHu­
BELERS passus om almebast (1886 p. 533) kan ikke godtas , noe allerede 
HANSSEN og LUNDESTAD har klarlagt (1932). Pa den annen side fremgar 
det av botanisk litteratur (jfr. REGIS Flora Bd. III) at almebast har vrert 
brukt som et, rigtignok mindreverdig, tekstilmateriale i Tyskland, trolig 
mest til oppbinding (jfr. omtalen av navnene Wielce, Bastwieke etc. side 
300 nedenfor) . 

I. REICHBORN-KJENNERUD uttaler (1922 p . 47): >>Det ser ut til at alme­
basten hos oss har vrert det forste forbindingsmateriale for sar og andre 
ytre skader. Pa Voss har de ordtaket: >>Bitt um bast, i morgo vert det 
godt att trast<< (0 : bind om bast, imorgen blir det godt igj en straks) som 
en levning fra denne tid, og her gjelder det bestemt almebast; men deter 
sannsynlig at ogsa lindebasten har spilt en lignende rolle (HOFLER, Ober­
bayern, 1888 p. 156) . At hasten ved sarbehandlingen ikke bare har vrert 
ment som forbinding, men ogsa som et vern mot trollskap, viser et annet 
ordtak, fra Hardanger: >>Bast um bein lokkar alle trolli heim. << 

Alt i alt torde N orge vrere det land i Europa der almen like t il moderne 
tid har funnet den mest allsidige bruk under naturalhusholdning. -- I 
Schweiz regnes Ulmils for et av de viktigste >>Laubfutterbaume<<, og i 
enkelte kantoner plantes alm fremdeles i stor utstrekning ved veier , i 
enger og nrer landsbyer (BROCKMANN-JEROSCH op. cit. p. 145- 146) . 
Almeartenes anvendelse i det romerske landbruk vil bli omtalt nedenfor. 
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VI. A vspeiler pollenkurvene fra forhistorisk tid 
menneskets utnyttelse av almen? 

Ovenfor har jeg sa konkret som mulig fors0kt a vise hvilket enestaende 
viktig ernmringsmiddel almebark, almel0v og almekvist har vmrt for folk 
og fe i Norge helt £ram t.il vare besteforeldres tid. Av KEYLANDS og 
RETZIUS b0ker fremgar det at almen ogsa i Sverige har vmrt h0yt skattet. 

Allting tyder pa at bruken av alm til menneskefode og kreaturfor gar 
tilbake til forhistorisk tid. Imidlertid har en sterk utnyttelse av 
almens grensystem (krone) ganske bestemte biologiske folger for almen 
selv: hvis skuddene h0stes med f. eks. bare 2-5 ars mellom­
rom , kommer et almetre overhodet ikke i blomst. Ifolge under­
s0kelser av SOREN VE (1930 p. 81) trenger almeskuddene 7- 8 ar for a 
bli blomstringsdyktige. I Indre Sogn, hvor almen fremdeles brukes i stor 
udstrekning til kreaturfor (lauving og rising), finnes almetrmr som prak­
tisk talt aldri blomstrer fordi de h0stes for ofte, uttaler Ve (jfr. hans bilde 
fig. 35). 

Dette er ensbetydende med folgende: hvis befolkningen i en bygd 
systematisk tar almen i sin tjeneste pa de nevnte mater, vil almens 
pollen-produksjon automatisk ga tilbake i vedkommende 
bygd. I 1939, den gang navmrende professor K.NUT FJEGRI hadde ferdig 
sine pollenanalytiske kurver fra J mren i forhistorisk tid, diskuterte han 
med meg visse eiendommeligheter ved de edle l0vtrmrs og smrlig alrnens 
pollenkurve. Denne viste fluktuasjoner som £. eks. ikke ble fulgt av lin­
dens, som dog er et mer varmekjmrt treslag (dette ses tydelig av forholdet 
mellom de to treslags nordgrense og h0ydegrense i N orge) . J eg gj orde 
da Fmgri opprnerksom pa S0ren Ve's resultater med hensyn til almens 
blomstring eller manglende blomstring i Indre Sogn under menneskets 
innflytelse. Og jeg fremholdt at man under diskusjoner som angar .alrne­
kurvens forl0p , ma vmre opprnerksorn pa at bade lauving og rising av 
alm til kreaturfor (noe sorn sikkert er eldre enn h0yslatt og h0yberging) 
og barkflekking til menneskefode automatisk vil fremkalle en nedgang 
i almepollenkurven. FJEGRI har (1940 p. 122) latt denne tanke komme til 
uttrykk i sin avhandling. Senere er den for Danrnarks vedkornrnende tatt 
opp av afdelingsgeolog J. TROELS-SMITH, som for tiden ved et intenst 
analysearbeid s0ker a klarlegge almekurvens eventuelle relasjoner til de 
prehistoriske landnamsfaser som pa annen mate rnanifesterer seg i danske 
og mellomeuropeiske pollenspektra. Mer orn den ting skal jeg ikke si ved 
denne anledning, da saken jo er i de beste hender. Dette gjelder ogsa opp­
sporing av forhistoriske redskaper beregnet pa barkflekking. 

Jeg anser det ikke for utelukket at den voldsomme pagang pa furu­
skogen som skyldes barkflekking i n0dsar, avspeiler seg i furupollenkur­
vens forl0p. Men da der pa Den skandinaviske halv0y er - og sikkert 
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alltid har vrert - forholdsmessig langt mer furu enn alm, og folk dessuten 
ikke har nyttet eldre furutrrer, vil menneskets innflytelse pa furupollen­
kurven neppe kunne manifestere seg i samme grad som for almens ved­
kommende. Saken burde etterpr0ves i torvavleiringer som ligger i nrer­
heten av navngitte steder hvor man av kildene kan se at store mengder 
av furutrrer er blitt felt i en bestemt tidsperiode eller i visse intervaller i 
l0pet av de siste 350- 400 ar. 

VII. Hva betyr trenavnet alm, elm, ulmus? 
Noen iakttagelser over Ulmus carpinifolia i Spania. 

Til sist noen ord om trenavnet alm, gammelnorsk almr. Ifolge ALF 
TORP (1919) gar dette tilbake pa et urnordisk *almaR. I svensk heter treet 
ogsa alm, i dansk offisielt celm, men i 0stdanske dialekter alm. N oen mener 
at dansk celm har fatt sin vokal fra et gammelt kollektiv elmi n. >>alme­
holt<<, som ogsa fantes i g. norsk, og som enna eksisterer i svenske dialekter 
som alme. 

Gar vi til vestgermanske sprak, finner vi i gammel-h0ytysk, mellom­
h0ytysk og angelsaksisk elm, som star i avlydsforhold til g.norsk almr. 
Angelsaksisk hadde dessuten ulm-treow, og mellom-h0ytysk ulmboum (tysk 
Ulme). Enkelte forskere har antatt at disse vestgermanske former med 
vokalen u er influert av latin ulmus; men i nyere etymologiske ordb0ker 
betraktes vestgermansk ulm(e) som genuint. I germansk finnes altsa tre 
vokaltrin. 

Romernes navn pa almetrrerne var ulmus. Fra keltiske sprak er kjent 
det mellom-irske lem. (I slaviskc sprak finner man ilma, ilm o. fl. former, 
men dette er lanord fra tysk , hvor treet i visse dialekter heter Ilme, 
Ilmbaum). 

Ifolge FALK og TORP (1910) , og WALDE-POKORNY's handbok (1926) 
h0rer de nevnte germanske, italiske og keltiske ord for alm n0ye sammen: 
1) Latin ulmus fares tilbake til et indoeuropeisk *'f:-mos. Samme avlyds­

trinn (nulltrinnet, svakstadiet) foreligger i mellomirsk lem. Sammen 
med dette stiller vVALDE-POKORNY gallisk L ema-, Limo- i franske 
stedsnavn ; 

2) g .h0ytysk elmboum, angelsaksisk elm (engelsk elm) antas a innebrere 
avlydstrinnet *el- , altsa *el-mos ; 

3) g.norsk almr < *almaR antas a ga tilbake pa indoeuropeisk *ol-mos , 
det vil si avlydstrinnet *ol-; 

4) m.h0ytysk ulmboum og angelsaksisk ulm-treow antas a innebrere av­
lydstrinnet germansk *ul- (indoeurop. *l-; se under punkt 1 ovenfor). 

Ifolge WALDE-POKORNY er alm-navnene bygd over en rot indoeur. 
el-: ol-: l-, som i germansk ga el-: al-: ul-. 

Bortsett fra at enkelte forskere antar at navnekretsen kanskje er 
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beslektet med den som utmerker treslaget or eller older, dansk el, svensk 
al, latin alnus , noe som er h0yst tvilsomt, har jeg ikke kunnet finne noe 
fors0k t il en tydning av alm, elm , ulmus, lem. Hva sikter navnekretsen ti l ? 

Som kjent er betydningen av en rekke av vare vanligste trenavn ukj ent. 
Dette gjelder f. eks. aslc , asp, l@nn, eilc , furu , hassel o. £1. At de en gang, 
langt tilbake i tiden, ma ha hatt en lettfattelig og for sarntiden selvinn­
lysende mening, kan ikke vrere tvilsomt. Men disse navnene er eldgamle 
>>arveord<< i sprakene, og det er idag uhyre vanskelig a avsl0re hva vi 
kaller motivet i et slikt arkaisk trenavn. Pa den annen side er meningen 
med navnet bjorlc , birlc, som har tilsvar i slavo-baltiske sprak og i sanskrit , 
oppklaret: det betyr >>det lyse eller skinnende t r e<< og sikter til noe helt 
essensielt , nemlig den hvite bj0rkeneveren. 

Sannsynligheten taler for at grunnmeningen i henholdsvis aslc , asp , 
limn, eilc, furu , hassel og alm ogsa har vrert ganske enkel, og trolig konkret . 

I Europa finnes tre forskjellige arter av alm ; av disse har de to ( U. car­
pinifolia og U. laevis) ikke nadd £ram t il Norge, men de finnes sa vidt i 
vare granneland. Alie tre arter ligner hverandre i arkitektur , bladform, 
blomstring (pa bar kvist) og fruktform . Over hele Europa betraktes alme­
artene som verdifulle treslag. Men deres trevirke kan ikke sies a vrere 
originalt ; eik og ask har liksa god og motstandsdyktig ved. Bladene 
minner om andre l0vtr rers . De t0rre, skillingaktige a lmefruktene er eien­
dommelige, og har atskillige navn rundt omkring i sprakene, srerlig i 
barnespraket; men de har sa vidt jeg kan forsta ikke vrert brukt til 
menneskemat eller dyrefor i Europa - selve fr0et er lite, og omgitt av en 
bred , t0rr vinge, som fullstendig dominerer. 

Det virkelig originale og oppsiktsvekkende ved slekten alm og dens 
arter , bade i Den gamle og Den nye verden, er b ar k en og d e n s anven­
d el se. J eg vil her nevne at i legekunsten har den slimrike og adstringe­
rende almebarken helt fra oldtiden av vrert brukt til a legge pa sar og byl­
der. I Europa er det Ulmus carpinifolia som leverer slimdrogen cortex ulmi 
interior (jfr. R AMS'l.'AD 1940). Allerede DroscORIDES anbefaler almebast 
pa sar , og PLINIUS MAJOR har i Naturalis Historia , 24. bok, kapitel 33, 
viet ulmus en inngaende omtale. At han her mener Ulmus carpinifolia er 
helt opplagt. Denne ble av romerne brukt som espalier eller underlag for 
vinstokken, og derfor plantet i store mengder. Srerlig CoLUMELLA gir fra 
tiden omkring var tidsregnings begynnelse detaljerte anvisninger med 
hensyn til saning av almefrukter , formering ved stiklinger og drift av 
planteskoler for pleie av alm. Skuddene og bladene anbefales til kreatur­
f6r ; dette gjelder bade romersk alm (utvilsomt U. carpinifolia) og den 
galliske alm, som Columella spesielt roser for dens store nreringsverdi, og 
med et gallisk (keltisk) ord kaller atinia. Trolig har dette vrert U. glabra 
(= U. scabra), var nordiske alm, som i Syd-Europa holder seg t il fj ell­
trakter. Den er vanlig i Frankrike (Gallia ). 
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Plinius ma antas a h a hatt kj ennskap t il slim harken ; han taler nemlig 
om >> den tareak t i ge s ub stans som komm e r fra treet <<0gom >> d en 
fuktighet s om flyter ut av margen p a et b es k a ret tre<<. Han 
nevner harkens bastlag og dens adstringerende (sar-sammentrekkende) 
evne. Som jeg for h ar nevnt inneholder almeslimet en del gar vesyre. 

Den tyske forsker FLUCKIGER u ttaler i sin bok: Pharmakognosie des 
Pflanzenreiches (1891) at hos den mellom- og sydeuropeiske Ulmiis carpi­
nifolia ( = U. campestris ) er harkens rikdom pa slim sa stor at treet om 
sommeren ikke sjelden svetter u t s lim , som litt etter litt omdanner 
seg til en brun, uoppl0selig , klebrig masse. I enkelte b0ker star det om 
denne arten at stammer som sages over eller skades , k an skille u t slim 
i klumper. H EMPEL og WILHELM omtaler (1889, III p. 5) >>hrauner 
Schleimfluss<< hos denne almeart, og betegner fenomenet som >>eine hin­
sichtlich ihrer Ursache noch nicht erkannte Krankheit<<. 

Under den 10. internasjonale plantegeografiske ekskursjon (I. P. E.) i 
Spania sommeren 1953 hadde jeg utmerket anledning til a studere Ulmiis 
carpinifolia og dens oppforsel pa sydligere breddegrader. D en plantes 
nesten over hele Spania ved autostradaer og mindre veier, bade for a 
skape skygge og for a skaffe kreaturfor. Jeg sa ikke en Ulmiis pa hele 
reisen som ikke var beskaret, ofte meget sterkt. Langs de spanske hoved­
veier blir trestammene overstrnket med kritt oppslemmet i vann fra mar­
ken og opp til ea. l ,s m.s h0yde av hensyn til biltrafikken i m0rke. J eg 
oppdaget meget snart at der pa almestammene (men ikke pa Robinia , 
J iiglans, Celtis , Popiiliis osv.) fantes >>brune<< vertikale striper i den krit­
tede zone. Ved n rermere unders0kelse v iste dette seg a vrere st0rknet, 
forurenset s lim , som var rent ned fra grenhull eller andre sar h0yere oppe 
pa stammen. Overordentlig interessante var noen mektige eksemplarer av 
U. carpinifolia i en park i byen Soria ved elven Duero. Etter et regnskyll 
var det fra store grenhull flytt ut en brun, geleaktig, grntet masse i lange, 
brede striper , og stammene var her h elt klissete a fole pa. Hvor vidt denne 
u t flod skyldes en sykdom , slik som antydet av H EMPEL og WILHELM, 
vager jeg ikke a uttale meg om; men vedkommende trrer sa, trass i sin 
h 0ye alder, helt friske ut . Hovedsaken her er at fenomenet var vanlig 
over hele Spania og opptradte pa ellers normalt utseende almetrrer 
(eksempler pa >>almesyke<< sa jeg ikke under denne reise). - I Granada , 
h vor en mengde almetneer er plantet langs hovedoppkj 0rselen t il selveste 
Alhambra, £ant jeg dessuten bekreftelse pa pastanden om at Ulmiis car­
pinifolia i sommervarmen svetter ut slim, som omdanner seg til en brun 
u oppl0selig masse: pa flere stammer, hvor man for noen ar siden hadde 
avsaget st0rre basalgrener, £ant jeg (22. juli) tett i tett med m 0rke brune 
>>perler<< eller >>dobber<< langs sarflatens r and. F 0rst trodde jeg at dette var 
tj rere ; men substansen var helt luktl0s. Fenomenet ble ogsa iakttatt av 
mine kolleger professor P AUL RICHARDS og docent J AKKO J ALAS. 
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Det er innlysende at de indoeuropeisk talende folk , liksom andre folk 
i de strnk av jorden hvor slekten Ulmus er representert, fra de eldste tider 
ma ha lagt merke til almebarkens merkelige slimrikdom. Feller man et 
almetre til trevirke og avbarker stammen, og der sa inntreffer regnvrer, 
vil slimet meget snart gj0re harken sleip . Dessuten ma sikkert folk fra de 
eldste tider ha gjort de samme iakttagelser som jeg selv gjorde i Spania i 
1953. Da allerede romerne brukte almeblad og almekvister til kreaturf6r , 
og man i Vest- orge har fortalt meg at f. eks. kveg hvis det £ores med 
almebark eller almel0v, far store slimklumper i munnvikene, sa kan 
heller ikke dette forhold ha unngatt folks oppmerksomhet i forhistorisk 
tid. 

Professor CARL J. S. MARSTRANDER skrev en gang til meg, etter at jeg 
hadde fortalt ham om almens anvendelse under naturalhusholdning ned 
gjennom tidene, at det i og for seg var fristende a stille trenavnet sammen 
med latin Alma, et kvinnenavn, som igjen oppfattes som en avledning til 
det latinske adjektiv almiis >>huld, nrerende<<, til verbet alere >>nrere, fostre, 
oppale<< . Dette verbet gjenfinnes i nordiske sprak som ala , ale, oppale. 
Men, skriver Marstrander, >>vanskeligheten bestar deri at ale har f0r­
germansk a, noe som latin alere og irsk alid viser. Og et forgermansk a 
skifter bare rent unntaksvis med o. Radde latin hatt olere ved siden av 
alere, ville vel saken ha vrert klar . I virkeligheten nevner gamle latinske 
grammatikere et latinsk verbum olescere = alescere; men dette er vel 
abstrahert av sammensetninger som adolescere, hvor o rimeligvis er utvik­
let av a foran l.<< - Alt i alt, uttaler Marstrander, ma det anses >>for lite 
sannsynlig at alm, elm, ulmus, lem har noe medal- i alere og ale a gj0re.<< 

Deter altsa eksistensen av de tre avlydstrinn innenfor navnekretsen 
som star i veien for en tydning i tilslutning til Alma og almus. Som 
botaniker ma jeg her tilfoye at det jo er et overveldende stort antall 
planter, ogsa busker og trrer, som leverer menneskefode av forskjellig 
slag, og som derfor kunne fortjene navnet >> den nrerende<< vel sa godt som 
alm. 

Imidlertid gis der i dette tilfelle et tydningsalternativ som meg bekjent 
aldri har vrert tatt opp til overveielse: Man har i indoeuropeiske sprak 
faktisk en sprakrot eller et tema el- med avlydstrinnene ol- og I- som 
finnes i en lang rekke orddannelser - bade substantiver, adjektiver og 
verb - som angar s li mete, sleipe, stundom uappetittlige ting. 
J eg skal her nevne en del eksempler: 
A. Substantivet ulka f. i norske dialekter >>vedhengende slim, slam etter 

£lorn, ekkel bl0t masse, myggek Adjektivet ulken >>kvalm, motbyde­
lig<<. Dyrenavnet ulk m. og ulka f. = fisken >>marulk<<; videre det tele­
markske ullca f. >>padde<< og visse svenske og danske navn pa fisk. 
Alle disse dyrene har en sleip, slimet hud. I folge Hellquist 
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h0rer ordene til germansk *ullc >>fuktig<<. Plattysk har Ullc >>frosk<< 
(se og a TORP 1919 under ul, ulma og alka). 

B. Det norske verb alka >>s0le, grise<< ; substantivet alka £. >>svinsk persom 
(S0rlandet). Adjektivet allcen >>svinsk<<; jysk allce >>elte med besvrer i 
noe<<. Plattysk har verbet allcen >>trakke i s0le, rote i urene saker<<. 
Frisisk har alslc, alslc >>uren, utskjemt<<. 

C. Det norske verb elgja , elja >>fole kvalme<<, nyislandsk elgja halsinn 
>>ville brekke seg<<. 

D. Verbet ulma i norske dialekter >>bli utskjemt, om matvarer<<. Jysk har 
olm >>myglet<<; middel-nedertysk har ulmich >>morkem, 0stfrisisk har 
olm, ulm >>morkenhet<< og verbet ulmen >>ratne, oppl0ses<<. 

Alle disse ord refereres av WALDE-POKORNY og ALF TORP t il den for 
nevnte indoeuropeiske rot el- med tilh0rende avlydstrinn. De tar ogsa 
med latin ulva >>en slags sj0gras<<, det vil si en gr0nn alge, og latin alga 
>>tang, alger, havplanter<<. Alger er sleipe. TORP (1919 p. 836 under ulma) 
tar ogsa med litauisk elmes, almens >>veske som flyter ut av lik<<. 

Pa en foresp0rsel fra meg om trenavnene elm , alm, ulmus kan forbindes 
med roten el-: ol-: l- i de nettopp nevnte orddannelser, uttaler MAR­
STRANDER at dette er mulig. Det er spraklig sett intet i veien for a jevn­
fore det norrnne almr med £. eks. det norske verb ulma. Med andre ord: 
formelt spraklig er det intet i veien for a tyde trenavnet alm henholdsvis 
elm, ulmus og lem som >>det s lim avgivende<< eller >>s l eipe tre<<, sik­
tende til harkens eiendommehgheter. 

Man kan her fore £ram den innvending at den ordluetsen sum trenavnet 
ad denne vei havner i, for det meste omfatter nedsettende betegnelser, 
og at dette harmonerer darlig med almeartenes h0ye stilling i folks bevisst­
het. Men ved nrermere unders0kelse av plantenavn £inner vi at vare for­
fedre ikke var sentimentale, men snakket rent ut av posen. J eg har ved 
en tidligere anledning behandlet nordiske og i det hele tatt germanske 
navn pa Rubus chamaemorus, et i Norden uhyre populrert brerslag ; men 
ikke et eneste av dets folkelige navn er rosende. Det norske 
molta h0rer saledes til partisippet molten >>skj0rnet, bl0t, oppl0st<<, jysk 
miilten >>ratten, tr0sket<< og nyislandsk moltinn »nrer ved a ratne<<. En rekke 
navn pa molter i svensk er humoristisk-ringeaktende og sikter til det 
klissete, modne breret £. eks. snotterbar, snytterbar, snottron (utvilsomt tilsnot 
»neseslim<<; jfr. norsk sn0rbcer om skinntryter og engelsk snottergall, snottle­
berries etc. om de slimete, rnde brerene [arillus] av barlind, Taxus baccata). 

Jeg vil ogsa minne om det viktige formiddel som lages av almebark 
oppbl0tt i vann, og som i norske dialekter kalles almelcvamp og almelcorg. 
Her er substantivet lcvamp, hvordan man enn vil etymologisere det, i 
realiteten symbol pa noe uappetittlig (se ToRJ:' 1919). Det samme gjelder 
korg , som betyr >>grurns , berrne<< (TORP 1919). Men likevel har almelcvamp, 
almelcorg vrert betraktet sorn en stor herlighet av bonden. 
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Det er meget mulig at grunnmeningen i roten el-: ol-: I- har vrert 
>>fuktig , klebrig , oppl0st, sleip<< , altsa n0kternt beskrivende, og 
ikke foraktelig. 

Til sist vil jeg bare nevne at srerlig Ulmus carpinifolia i vestgermanske 
sprak har flere andre navn, som ikke har noe med alm, elm, ulme a gj0re, 
men som utvilsomt sikter til de seige basttrevlene i almebarken og dennes 
anvendelse som et primitivt tekstilmateriale. Dette gjelder Wieke, Bast­
wieke , Witsch(e) i nordvesttyske dialekter, og angelsaksisk wice (i moderne 
engelsk: wych elm). Navnet refereres av linguistene til perfektum partisipp 
av et verb wican >>h0ye<<. Ogsa i slaviske sprak finnes en navnekrets om 
alm som synes a bety det samme, ja som kanskje rent spraklig sett er 
urbeslektet med den vestgermanske. Det er helt tydelig at en del av de 
europeiske navn pa dette treslaget sikter til en bestemt egenskap ved 
harken og hasten, nemlig dens seighet og anvendelighet til flettverk. Det 
er da ikke usannsynlig at den vestindoeuropeiske navnekrets som jeg her 
har oppholdt meg ved, ogsa sikter til harken, men til dens slimrikdom. 

I samband med denne unders0kelse har en rekke av mine kolleger ved 
Universitetet i Oslo stilt sin fagkunnskap og sin tid til min disposisjon. 
Professor dr. LErv AMUNDSEN har til mitt bruk oversatt fra latin enkelte 
kapitler av Plinius: N aturalis historia og Columella: De re rustica og De 
arboribus. Professor dr. EMIL SMITH har oversatt avsnitt fra Herodot, 
Polybios og Plutarchos. Professor dr. NILS Lrn har skaffet meg finsk 
litteratur om barkebr0d, og professor dr. CARL J. S. MARSTRANDER har 
gitt meg spraklig rettledning i samband med trenavnene alm , elm, lem 
og ulmus. Av professor dr. CHR. STANG har jeg fatt en orientering om 
almetrrernes navn i slaviske sprak, og av professor dr. GEORG MoRGEN­
STIERNE og professor dr. HANS VOGT opplysninger 0111 alm, dens navn 
og anvendelse hos indo-iransk og kaukasisk talende folkeslag. 

Lektor cand. real. ALv AKSNES har skaffet meg viktige opplysninger 
om bruk av alm til husdyrf6r i Hardanger. Amanuensis cand. real. FINN­
EGIL ECKBLAD har utfort mikroskopiske unders0kelser av barkemel og 
renset bark i professor F. C. ScHtrBELERS etterlatte samlinger, og gitt meg 
tillatelse til a referere de resultater han er kommet til. Cand. pharm. fru 
DAGRUN 0ISETH, som har foretatt en kjemisk analyse av almebark-slim 
( Ulmus glabra) , har godhetsfullt laget et resyme av sine upubliserte under­
s0kelser til bruk for denne avhandling, og amanuensis cand. pharm. 
A. BlERHEIM SVENDSEN har ovedatt meg pr0ver av den pulveriserte 
innerbark av Ulmus Julva til sammenligning med norsk almebarkrnel. 
De pa fig . 2 avbildete redskaper har jeg fatt utlant fra Norsk Folke­
museum ved im0tekommenhet fra konservator H. STIGUM. - Til alle 
dem som har hjulpet meg, vil jeg ogsa her rette en hjertelig takk ! 
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Til sist vil jeg uttrykke min glede over a ha fatt anledning til , med dette 
bid.rag, a V::.Bre med pa a hylde professor K NUD J ESSEN pa b ans 70 ars 
dag. Ingen annen nalevende botaniker bar som han ldart a kaste lys over 
korn avlens historie i Nord- og Vest-Europa fra de eldste tider. Barke­
br0dots saga er reversen av denne historie. 

Summary in English. 
Ethnobotanical studies on barkbread and the employment 

of wych-elm under natural husbandry. 

Chapter I- III. 

In Norway, Sweden, a nd Finland the dried and cru shed inn er ba rk of certain 
trees has been used as a substitute for bread-meal since time out of mind. In 
Sweden a small cak e m ade of a mixture of pine-meal (Pinus s ilveslris ) and 
pease-meal (Pisum arvense) was found in 1911 nea r Soclerkoping in Ostergot­
land in a m a n's grave elating from th e vik in g age (circ. 800 - circ. 1050 A. D .). 
Espec ially in Lapland, Northern Russia, and Siberia th e inn er ba rk of pin e has 
played a very great role as an alimentary substance until the beginning of our 
century ( cp. MANN INEN 1931 ; con cerning Sweden cp . Lh e exce ll ent treatise by 
KEYLAND 1919 p. 111- 133). 

In Scandinavia and Finland pine-bark was probably used only durin g 
fa mines, and thanks to man y re li able written sources of information we know 
pretty well how the bark was peeled, purified, threshed, a nd watered down 
(because of the res in). Intelligent peop le always peeled yo un g pine-stems or 
only the top of older stems, and the peeling was performed between the spring 
business and the hay-harvest. During this interval the bark is at its best and 
easy to slit. The scraper- a nd chisellike implements which were used , are Yery 
interesting from an archaeological point of vie,v. They were made of wood 
(fi g. 2), very often with a n iron edge and grip, or of elk- or r eindeerhorn. 

An analysis of a sa mple of Norwegian pine-meal, dating from the middle of 
the 19th century and now in the collection of the Botanical Museum, Oslo, 
shows that the flour was made solely of the innermost layers of the 
secondary bark , the bulk of the fragments being parenchymatous cells, 
mostly from the m edullary rays, with lots of starch grains, a nd pieces of sieve­
tub es. As no traces of periclerm were observed, the raw material of this sample 
must have been very carefull y scraped. Fig. 3 shows pieces of the purified inner 
bark of pine, collect ed during a famine in Eastern orway in the 19th century. 
These plates, which now are a bout 1 mm thick , have some p a tch es of p ericlerm. 
Originall y they must have been pliable as some of them are doubled up. They 
were pounded, thres hed , s ieved , and gro und on ha nd- or water-mills . 

The pine-m eal was used for bread, porridge, and ski ll y. lt h as a rather 
homo genous li ght brown or reddish colour. If a family still had some gra in­
flour left, the pin e-meal was never used alon e as it is destitute of agglutinants, 
and if mixed with water co nsequently gives a dou gh unfit for rolling. Th e 
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Scandinavian pine-bread was always made as " flat-bread" or frame food-bread, 
never as a fermented bread. 

If th e m eal was conscientiously prepared, the bread seems to have been usable 
in spite of a very bad taste. But during famines people were so exhausted 
that they probably manufactured the bark-plates without sufficient prepara­
tion, and consequentl y both periderm-cells ( cp. fi g. 3) and resin-cells b ecame 
accumulated in the meal. The descriptions given by the Swedish authors 
RETzrus, ZETTERSTEDT, and M. AXELSON, the Finnish author MANNINEN, and 
the Norwegians A. C. SMITH, DE SEuE and others from the 19th and 20th 
century of the in[]uence of pine-bread upon the digestion and the general health 
of famine-stricken people are shocking. 

The oldest reports of tree bark used for food in Europe can be traced back to 
Plutarch, Polybios, and Herodotos. \Vhereas the written sources from Eastern­
Europe about this matter are very copious ( cp. A. MA umzro 1927 ; MANNINEN 
1931), the author has until now not succeeded in tracing the history of bark­
breads in Middle-Europe. A French book, however, published in 1874 by M. Du 
CAMPS, contains a short passage about a famine in Dauphine in 1675 and the use 
of herbs and tree-bark (l'ecorce des arbres) for food among the field-labourers. 
In Eugene Rolland: Flore Populaire (Tome X, 1913) one finds a very interesting 
Yernacular name of the elm , namely arbre au pauvre homme, which says a great 
deal (cp. below). 

In the hi ghlands and northern parts of Scandinavia and Finland Pinus 
si l veslris was the most important bread-tree; but occasionally the inner 
bark of Be/ula-species, Populus lremula, and other deciduous trees was 
used as well. Several sources mention Picea abies, but its bark seems to have 
been atrocious and only peeled in extremily. In the low-lands of Sweden and 
Norway, however, the wych elm ( Ulmus glabra) was Lhe favourite brea d-tree. 

Ch apter IV- V. 

These deal with the merits of the inner bark of wych e lm compared with 
that of the pine: (1.) it contains no resin and not very much tannic acid; 
consequentl y one does not need to water down the scraped rind ; (2.) it is rather 
rich in slime-cells, a fact which is extremely interesting and important in 
connection with bread-baking. As mentioned above the pine-meal contains no 
agglutinants, and the making of bread or cakes of pure pine-meal seems to 
have been very difficult indeed. The inner bark of Ulmus glabra contains both 
starch, proteins, fat oil, and slime. The chemical constitution of the latter has 
recently been deciphered by Mrs. DAGRUN 0rsETH, The Pharmaceutical Insti­
tute of the U niversity of Oslo (unpublished). The slime seems to be composed of 
certain sugars and methylated sugars, mostly identical with the carbohydrates 
which recently have been isolated by British chemists from the bark of the 
American species U lmus f"ulva (cp. GrLL, HrnsT, JO NES, and HouGH 1939- 1951), 
the so-called slippery elm. It is told that this bark has been used by Indians as 
food, and without preparation. 

According to MA un1z10 (1927) the inn er bark of elms (probably of all the three 
species which are sponta neous in Eastern Europe) seems to have been the most 
coveted substitute for cereals in Russia. At any rate it is mentioned aga in and 
again in the reports published by the depa rtm ent governors and the investiga­
tion committees from n ea rl y all parts of Russia and Russian Poland in the 19th 
an d even the 20th century. 

Bread made solely or parlially of crushed elm-bark is mentioned in written 
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No rw egia n sources from 1596 and clown to 1805, an d t here a rc sti ll old people 
li v in g who remember haYin g seen and ea ten such bread. The Bot a ni cal Museum 
in Oslo h as so me p ieces o f fl a l-b rcad baked for fun in 1935 in t he Romsdal­
district by an old man who is s till going strong. He rememb ers t he wh ole 
pro.cess of flour- and bread-ma kin g from elm-bark. Th e co lour of this bread is 
French Bcige-Oakbuff, a nd the taslc is not at all unpl easan t, but it contains 
50 % barley . 

During famines the elm-bark was used all over t he Norwegian districts 
where th is tree occurs or h as ex is ted. The bark was peeled on ly from yo ung 
branches or sh oot s not more t ha n 2 or 3 years old. Afterwards the primary 
bark (cortex) was removed with a kn ife, and on ly t he seco nd ary bark , after 
haYing been cut, dried a nd groun d, was used for m aking bread and porridge. 
A meal-sample from Hardan gcr collec ted by the late professor F. C. Schubeler 
a bout the middle of the 19th century consists of bast-fibres, sieve-parenchyma, 
fragments of t h e medullary rays a nd sieve-tubes, and big, slime-containing 
cells. The slime-cells, however, are only present in the primary bark and th e 
first layers of the secondary bark (RAMSTAD 1940), and consequently the older 
shoots and the chief stems were not peeled. 

The elm-meal was as a rul e mixed with ground hindcrends, ta ilin gs, pieces of 
straw and chaff, and very often w ith pine-meal, but also used alone.- During 
years when barley and oats are injured by frosts and the flour consequen tly 
becomes inferior to t h e norma l especially co ncern ing agglu tinants, the women 
on t he fa rms in the fiord-districts of vVest ern No rway h ave up to recent years 
been in th e habit of knea din g the co rn -flour or the dou gh in water contain in g 
elm-sl im e prepared from slips of th e bark which h ave been soaked from 12 to 48 
hours in lukewarm wat er. Th e same m ethod is m ention ed from Sweden by Retzius 
in 1806. - In Norway th e p eelin g of elm-trees durin g years of famine has been so 
excessive, a t a ny rate in certa in d istri cts as well in Eastern as in Vl1estern and 
Northe rn Norway, t h at the geographic distribution of Ulmus glabra h as 
declin ed . 

In Scandinavia the wych elm h as s ince time out of mind also been used as 
food stuff for cattle, the l eaves, fres h or dried, the tw igs, and the bark of 
the youn ger shoots h aving been gathered in great quantity . The rind-slips h a Ye 
practicall y all over t he lowlands of Norway been put in water, and the sweeti sh 
s lime given as a nutrition to calves. This substance was m entioned in a 
Norwegian book as early as 1646, and it h as many vernacular names. As in 
Switzerland the fresh green elm-leaves, stripped from v igorous shoots, are 
used as swine-fodder . 

In Norway the wych elm in fact seems to have been treated by m an as a 
sort of cultural tree, and often b een planted near the h ouses. In certain parts a 
kind of taboo has b een conferred upon the elm-trees : it is believed that a p erson 
who cuts down an elm-tree and m ak es a pair of skis of it, gets the devil behind 
him when using them ; and if a man com es to an accident with elm-sk is on his 
feet, he ru ns directl y into h ell. The same taboo is in other Norwegian precincts 
applied to t h e roan-tree (Sorbus aucuparia) , but also thi s was- and still is 
- an imp ortant alim entary t ree for live stock, besides h av in g been used in 
sorcery fr om the bronce age up to recent tim es. In Norway the elm seems to 
have been looked upon as a bread reserve, a nd accord in gly t rea ted with great 
vene ration. 

The a uthor h as not succeeded in obta ining pieces of in format ion about bark­
bread from Great Brita in. It is n either m entioned by G. E. FussELL (1949) 
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nor by vV. ASHLEY (1928). But one thing is signi ficant : especially in Western 
Norway the in ner bark of elm is still very popular amon g co untry lads, who 
take pieces of it durin g the sap time a nd u se it as a sort of treat, ch ewin g it 
deliberately to the end that the sweetish slime m ay disengage itself from the 
bast. According to BHITTEN & HOLLAND (1878 p. 101) " the inner bark of the 
elm , for a certain pleasant clamminess, is ch ewed by children , and h ence the 
tree is called Chewbark" (from G. JOJ-INSTON 1853 "The Botany of the Eastern 
Borders", comprehendin g the whole of Berwickshire, the Liber t ies of Berwick, 
N. Durham a nd the immediately adjacent parts of Northumberland a nd 
Roxburghshire). Most probably this chewing is a very old custom, having been 
introduced into Great Britain by Norwegian v ikings, or perhaps by the Anglo­
Saxons themselves. As famines are not unknown in the annals of Great Britain 
and Ireland, on e ought to be able to elucidate t he bread- or meal-surrogates of 
both the Anglo-Saxon s and the Celts. According to ASHLEY (1928 p. 171) 
" after-logginges of wheate"- straw from wheat-were ground for "servants 
pyes" in Yorkshire 1641. 

There is every reason to suppose that the utili zation of elm-bark as a sub­
stitute for cereals has belonged to the cultural joint ownership not only of the 
Teutonic and Slavic speaking peoples, but of all the races of E urop e. 

According to the Norwegian ethnologist I. REICHBORN-KJENNERUD (1922) 
t he astringent elm-bast was the first dressing applied by the Scandinavian 
peoples to wounds a nd bruises (cp. the Norwegian phrases quoted on p. 293). 
\Vheth er this bast h as been used in Scandinavia as a textile as well, i. g. for 
making ropes and lin es, or not, is rather uncertain . At any rate the bast of the 
lime-tree ( Tilia cordala) h as both in Norway and Sweden been given preferance 
to that of the elm (cp . RETZIUS 1806; HANSSEN & LuNDESTAD 1932). From 
Germ a ny t h e use of elm-b ast as a second-rat e textile is m entioned in several 
books. 

Chapter VI. 

The author, with reference to a treatise printed by S. VE in 1930, states that 
if the branches and shoots of an elm are harvest ed only with 2- 5 years interval, 
the tree in q uestion will not flow er. According to VE the shoots require 7- 8 
years of undisturbed growth in order to be a ble to bloom, but in the inner p arts 
of the Sognefiord district the elm is still harvested so intensely as a feed stuff for 
cattle that many trees n ever produce flow ers . This means that if the inhabitants 
of a certain district systematically use the elm-trees in the ways d escribed above, 
the pollen-production of the elm automatically mu s t d ec lin e . 
As early as 1939, when the now Professor KN uT F JEGRI discussed his interesting 
pollen-curves from Southwest ern Norway with the author, the latter advanced 
the opinion that certain declines in the elm-curve which made the impression 
of being quite indep endant of the fluctuations of t h e lime-curve, probably 
might be due to prehistoric human influence (cp. FJEGRI 1940 p. 122). Later 
on the Danish geologist J. TROELS-SMITH h as worked with this problem both 
in D enmark a nd Switzerland, but not yet published his resul ts. 

Accordin g to the auth or's opinion the intense utili sation of pine-bark in years 
of famine in the continental and nort h ern districts of Scandinavia and F inla nd 
might very well h ave put its t r aces on the local pollen-curves of Pinus s ilueslris. 
B ut as old pine-trees n ever were used for peeling, and there alway s h as b een 
much mo re pine than elm- if a ny at a ll- in the said parts, the influence of man 
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upon the pine-curve probabl y has not been able to manifest itself to the same 
degree as in the case of the elm. 

Chapter VIL 

H ere th e author enters inlo a discussion of the et ymology of the tree-nam e 
elm with its substitutes Norwegian and Swedish aim (ON. almr), Middle-Low 
German ulmboum, OE. ulm-treow, Lalin ulmus, and Middle-Irish lem. According 
to t he unanimous opinion of E uropean lin guists th ese words must belon g 
t ogeth er , fo rming an ablaut seri es (e l -mos , ol-mos, [-mos) and containing one 
and t he sam e theme (*el- , ol-, h giving T eutonic el-, al-, ul-) . 

But up to the present nobody has been able to give a satisfactory etymologi­
cal-semantic interpretation of the said tree-na me(s). The author has tried to 
workout the problem by taking into consideration the most prominent qualities 
of the two species U lmus glabra and U lmus carpinifolia, which have the widest 
geographical distribution of the European elms. The importance of these two 
species as alimentary trees for cattle durin g antiquity can be read out of the 
Naturalis Historia by PLINY and the books De arboribus and De re rustica by 
CoLUMELLA. By ulmus the latter without doubt m eans U. carpinifolia, whereas 
hi s atinia, the gauli sh elm , probabl y refers to U . glabra. 

A priori an interpretation of the words elm, aim, ulmus as r elatives of latin 
A lma, a woman's name, meanin g " The nourishin g" (cp. the adjective almus 
a nd the verb alere), is very temptin g. But accordin g to Professor CARL J. S. 
MARSTRANDER, Oslo, the verb aler e, Iri sh alid, ON. a/a, h as a preteutonic a, 
and such an a very rarely al ternates with o. Consequently the ab laut series el-, 
ol-, f- in the elm-n am es does not speak in favour of such an etymology. 

One of the most slriking q ualiti es of the said elms, and especially of U . car­
pinifolia (the Roman ulmus), is the richness of the bark in slime or glut e n. 
This property, which in U. carpini/'o lia is still more prominent than in U. glabra, 
must have b een well known in antiquity as already PLINY writes about the 

" tear-like substance emergin g from the tree" and " the moisture coming out of 
the pith of a pruned elm-tree". H e also describes the bark as a n astringent 
rem edy for wounds. It is well known that the inner bark of U lmus carpinifolia 
has been used in Europe as a slime drug or simple (cortex u/mi interior) up to 
the last century, before the American slippery elm ( U lmus (u lva) came upon 
the market. 

During the 10th I.P.E. throu gh out Spain in July 1953 the author h ad ex cel­
lent faci lities for studying U lmus carpini(olia in the open as it is grown along 
nearly all Spanish road-sid es, th e shoots being used as fodder for live stock as 
in R oman times. On n early all the st erns observed by the auth or there h ad b een 
o utfl ow of s lim e from wounds (chopped branches and shoots), and in 
moist weather these streaks were quite sticky. FLi.iCKIGER (1891) states that 
Lhe bark of this elm-species is so r ich in slime that it is often sweating out 
clumps of gluten durin g the summer-months. HEMPEL & WILHELM (1889) 
sp eak about a brown blenorrhea ("brauner Schlcimfluss") in connection with 
U. carpini/'o lia, saying that its cause is unknown. 

Having considered different etymolog ical possibilities the author comes to 
t h e conclusion that t h e tree- names elm, aim, ulmus probably belong to a certa in 
wel l-known i ndoeuropean root el-, ol-, l- which in the course of time has produced 
a lot of nouns and verbs in different languages alluding to s lim y, stick y, 
s lip pery thing s or t o d eco mposition (cp. the many Teutonic words 
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mentioned above p . 298-299, for instance East-Fr isian olm, ulm " decay" and 
ulmen " to decay"; Norwegian ulma " to b e spoiled" (about food); Norwegian, 
Swedish, Danish and German ulk, ulka "certa in kinds of fi sh with a slimy skin" or 
" toad"; Norwegian and Low-German alka, a/ken " to soil , to muzzle in unclean 
things" etc. etc.- In Walde-Pokorny (1926) the latin plant-nam es ulva and 
alga arc referred to the same root, and these plants are slimy. 

According to Professor MARSTRANDER the reference of the tree-names elm, 
aim, ulmus to this gro up of words is fully justified from a formal-linguisti c point 
of view. One might perhaps make the objection to this etymology t hat it p laces 
the tree-name in a group of words symbolising rather unpleasant thin gs. But 
a close study of old vernacu lar plant-names clearly shows that our a ncestors 
were not sentimental, but called a spade a spade when not hampered by super­
stitions. The auth or has previously (194 7) tried to show that none of the 
Norwegian, Swedish or Danish names of the fruits of Rubus chamaemorus, 
which are extremely popular all over Scandinavia, in fact r eckoned the best of 
all wild berries, are laudatory but rather pejorative, alluding to the soft, 
decomposed, sleepy consistence of the ripe fruit ( cp . t h e Norwegian nam e molla 
and the Swedish n ames snollerb iir and snollron; h ere the first part without 
doubt is snol , the same as in the English names snollerga /1 , snollle-berri cs etc. , 
which according to BRITTEN & HOLLAND refer to the seed of Taxus baccala 
with its sticky arillus). 

The a uthor thus arrives at the conclusion that elm, aim, ulmus in all prob­
ability means " the s lipp e r y (tree)", alluding to a special property of the 
bark which has m ade the elm one of the most important E uropean trees und er 
natural hu sbandry, and its bast a valuable drug. 

In European languages the elm s also h ave other names i. g. German Wieke, 
Baslwiek e, Wilsch(e), correspondin g with OE. wice, mod ern English wych or 
wilch. The m eaning of t his name has b een elucidated long ago : it belongs to the 
past participle of the verb wi can " to b end" , alluding to the fl exible twigs or­
according to the authors opinion- to the bark or bast which as m entioned 
above h as been used in Germany for making ropes, keepin g fram ework together 
etc. etc. Accordingly the nam e wych gives us a convincing example of how 
important this tree has appeared to the mind of the T eutonic speaking p eoples , 
and as wych concerns the bark or bast , it indirectly supports the etymology of 
elm etc. advanced above. 

The author' s obligations a rc num erous . The names of his helpers are m en­
Lion ecl at the encl of the Norwegian t ext. 
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Plate X. Bollingso. 

Fig. 1. Composite pollen diagram. The basis of calculation for the pollen 
curves is the total pollen of all land plants, also including herbaceous plants. 
Th e left part of the diagram shows the ratio of pollen of trees and shrubs (blank 
area) to herb poll en (hatched area) and to Ericales, chi efly Empelrum, ( clotted 
area) ; these categories r epresent wood and shrub, grassland, and the oligotro­
phic h eath respectively . The curves for B elula (including B . nana), Pinus and 
Sa/ix are inserted on the left . Nex t are g iven the curves for the most important 
anemophilous h erbs, and hi stograms for 1-1 ippophae etc. 

Pollen total, pr. analysis , from 190 cm.-380 cm.: 406, 289,245,426,357,287, 
328, 350, 300, 287, 235, 538, 470, 388, 429, 387, 210, 137, 212, 252, 196, 150, 
180, 132, 169, 108, 164. 

To the right is found lh e percentages of r ebeddecl , mainly Tertiary, poll en 
(oblique shadowing). H ere the basis for calculation is the pollen sum total , 
rebedcl ed pollen in this case being- ex ceptiona11y- includ ed. As to the method 
of cal culation of th e rebeclded pollen see IVERSEN (1936) . 

Sediments (left): - 189 cm. cle tritus-gytt_ia ; 189- 254 cm. cliatom-gy ltja, 
± a nd y; 254- 290 cm. detritus-gyttja; 290- 317 cm. diatom-gy tt,i a ; 317- 333 cm. 
silt ; 333- 363 cm. diatom-gyttja with sand and silt ; 363 cm. clay . 

On the extreme left is the zonal division (see t ext). 

Fig. 2. These diagrams correspond with the pollen diagram fig . 1, usually 
a nal ysis to analysis. The diagram on the left shows the va ry ing quantity of the 
compon ents of the sediment throughout the seri es. Mi croorganisms are given 
against detritus and inorgani c matter. These components were measured micro­
scop ically : by m eans of an ordinary eye-piece micrometer it was noted how 
m a ny of the index lines touched the various compon ents. \Vhen this had been 
completed for a large number of fi elds of vision, the p ercentages were calculated. 
On the right a mi crofossil diagram. The quantities of di a toms, chlorophyceae, 
cyanophyceae, and chrysomonacles were measured and calculated in the same 
way as before. 

It will be noticed that there is a v ery fine correlation between all these dia­
grams. Maximum of herb pollen is correlated with maximum of derived pollen 
and of inorganic matter. The warmest parts of the Allerod period- just as the 
postglacial period- is characterized by Chlorophyceae and a maximum of detri­
tus, but a minimum of inorganic matter. 

D. G. U. II. R. Nr. 80. (Johs. Iversen). 
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Plate XI. Vallensgaard Mose, Bornholm. 

Explanation see plate X . Juniperus and Populu~ have, however, been 
counted and are included in the category of trees and shrubs. In the histograms 
pollen t ypes occurring in small frequ encies are a lso given on an increased scale 
(doltecl). 

D. G. U. II R. Nr. 80. (Johs. I versen). Plate XI 
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Plate XII. Ruds Vedby Brickwork's clay pit. 

Th e d iagram is d i vicled into three p arts, each one correspondi ng analysis 
by ana lysis. A ll pollen grains a nd sp ores fro m t erres trial planls are inducled 
in th e to tal, on which t he percentage calculation for a ll p ollen an d spore 
curves in t h e diagram is based. 

A . Main diagra m, showing t he p roportion s between t h e p ollen originating 
frum t rees (while a rea ), sh rub s a ncl dwa rf b ushes (dotted area ) a nd h erbaceous 
pla n t s (ha tch ed area). The trees include Popullls , P inus and B elula, the c urves 
for which are recorded wit hi n t he a rea of t he tree group. 

B. Curves and silhouettes for th e m ore important p la n ts included in the total 
rnrves for "sh rubs" and " herbs" in A . T he silhouettes for shrubs a nd dwarf 
sh rubs are, in so far as space perm ils, given wilh lhe sa m e dotting as the 
t ot al curve. All curves are drawn t o t he sam e scale ; som e oI Lhe silho ue ttes 
are, in addition , dra wn t o a sr:a lc of 5: 1. 

C. The p ercen tage of rcbeddccl pollen . In this case t he rebecldecl pollen is 
included in t he t ot a l form ing the basis of the calcula tion. 

n P ollen total (rcbedded p ollen suLLracled). 
T he zon a l cliv ision, accordi ng to K uo J ESSEN's syst em (193::i), is given a l 

both sides o[ t he di agram . I Old er D ry as, J l A ll er /id, 111 Yo unger Dryas 
T he results of the c1

• da lings appear on t h e extreme left. 

D. G. U. II. R. Nr. 80. (Harald Krog) . 
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Plate XIII. George Reserve, Livingstone Co, Michigan. 

In diagram 1 the pol len total includes trees, shru bs, a ncl anemophilous 
h erbs. Part A sh ows the total of trees a nd shrubs (white a rea) against 
t h at of h er bs (hatched a rea), a ncl curves for Pirws and Picea. Part B sh ows 
the individual curves for other trees, shrubs, a nd herbs. P a r t C sh ows a curve 
for the total o[ " rebeddrd" p ollen (cp . t ext, p. 148). In diagram 2 " r ebedded" 
p ollen is excluded from Lhe pollen Lola! (cp. Lext p . 149), otherwise it is 
constructed as diagram 1. 

D. G. U. II. R. Nr. 80. (Svend Th. Andersen). 
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Plate XV. Verup Mose, Verup I. 
Text see page 166. 

Fig. 3. Main Diagram. Explanation sec page 163. 

Fig. 4. Survey Diagram. Explanation see page 164. 
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Plate XVI. 
Explanation sec page 164. 

Fig. 5. Langcso. (Alfred Andersen, 19 Hi). TexL sec page 1 n. 
f'ig . G. Lak(' Even . (\'. Mikkt' l~cn , 1049) . Text sec page 17:3. 

D. 0. G. II. R Nr. 80. (Svend J0rgensen). 
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Plate XVII. 
Explanation see page lG-1. 

Fig. 7. Slcveningen. (TAGE NILSSON, 1948). T exl sec page 17-l. 

F ig. S. Holmcgaanls Mosc, (TAG" N 11.ssoN, 1947). T ext sec page 17.J. 
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Plate XVIII. Lake Tinglev. 
(See page 190). 

D. G. U. JI. R Nr. 80. (Alfred Andersen). 
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Plate XIX. Bundso. 
(See page 194) . 

Explanation see plate XVIII. 

D .G. U. II. R. Nr.80. (AlfredAndersen). Plate XIX 
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Pigs. 1- 2. Pollen diagrams from Gnessoen (fig. 1) and the Ankermyr (fig. 2). 
A supplement t o these di agrams is given in ta bles III- IV page 226-228. 
D epths arc measured from the surface downward. 

Cerelia : The first analysis contai ning 
pollcngrains which can be determ­
ined t o Secale is marked Sec. 

Gram. sm. : &ramineae Jess Cer ealia 
(i. c. wild grasses). 

Cent. cyan.: Cenlaurea cy anus (corn­
flower ). 

M e/amp. : .Welampyrum cf. pralense. 

The diagrams are divided in sections: 

Ericales: Moslly Calluna. In the lower 
analyses in fig. 1, however , Em­
pelrum. 

Typha !al. : Typha lalifolia. 
M enyanlh. : M enyanlhes l r i f 'o liala. 
Nlyrioph. all.: Myriophyllum aller-

niflorum. 

A comprises the trees, the pollentotal of which are given as I AP. 
B, and B 2 comprise the shrubs and herbs. The percentages are calculated on 

a total of AP + the species in question. 
B 1 • The curves are shown to the same scale as in A. 
B 2 • The scale is halved compared w ith t h e other sections in the diagrams . 
C,. Tieducecl polle n diagram giving an approximate rela tion between the 

areas of 1. forest (b la c k a rea), 2. more or less cultivat ed land (white 
a rea), a nd 3. heath (clotted area). 

The Lolal on which t he percentages arc calcu la led compr ises: 

1. Pollen from lhe • trees of the forest, r epresented b y the species of 
secti on A less Juniper us plus Cory/us. The values for Pin us, B elula, A lnus, 
and Cory/us arc divided by 4 (cf. I VER SEN 19,1!), Mm1rnL S E K 1949). 

2. Pollen from plan ts of the fields and commons, re presented by 
culturcpollcn and pollen of wild grasses. 

3. P ollen from plants of the h ea th, rcprescnlccl b y E ricalcs and J uniperus. 
C2 gives the v al ues for fi elds and commons, which arc difficu lt to read in C, . 

The da tes given to the right of the diagrams arc approxima te. 

F ig. 3. 

a . Section across Gnessoen. 

The clay content of the w ood p eat was easily detect ible in t he field only 
at t he eastern end of the basin and in the lower par ts of the other borings. 
The dotted line shows the probable limit of the upper clayey layer in t he 
whole section, as inferred after its discov ery during microscopic study of P 3. 

The Sphagnum cuspidalum peat contained m uch wood in p laces but the 
lamina tion caused by S. cuspiclalum was unmistakeable. 

In P 3 the upper 30 cm. or the Sphagm1m p eat were somewhat m ore humi­
ficd (H 5- 6) than t he lower part of this p eat (I-12- 3), but no distinction be­
twee n various grades of humification is m ade in the section. 

b . K ey to Lh e symbols. 

1. Sphagnum peat. 
2 . Fen JJCat containing some mos-

ses. 
3. Equiselum limosurn peat. 
4 . Sphagnum wspidalwn pea l. 
5. \,Vood p eal wilhoul clay. 

6 . Clayey wood pea t. 
7. Mud (gyllj a) with clay. 
8. N c kron mud (gyllja). No t found 

i11 Gncssiien I.Jut in Lile A nken nyr. 
S. Sa nd 
SC. Sandy clay. 

D . G. U. II. R. Nr. 80. (Va.ldemar lVIikkclsen ). 
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D. G. U. II. R. Nr. 80. (Knut F regri). 

Skarsvat n 

"' !O • - 01 

,1 ••~ 50 

I 

~ 
•-~ C\ >< 

I'-' ' _, 

--- ---
, 1 

E-~ / _/ l), ' -~ / -tv...-Vv"-;-v ' ,, -V VI/ V ·-
vvvv v " ,·· 
v v v v " 

_-,: i(t-t k V\1\/V V - -- .. .._ -
~,! vv vv ....... ·, .. l 

V V V V V 

VV Y V - IJ , 
v vvvv "' I ' ~ b - '1( VV V I/ I ......... ! / v v v vv -vv v v 
YV V V I/ / ul "\ I_/ V V V V " I/ V V V I/ ~ Ki~ /' 1.,> '--... V V V V 

- v vvvv -
v vvv _:\ li I~ ~ 

>-<::::: 1----c._ 
'!,f. V V V V V -

vv v _v I 

Plate XXI. 

-JOUL 50 
u 

""'" -E ~ .. 
' 
' ., . 
.. 

' 
I-~ ' 

'" _____ill 

'" '" .,. ... 
' " !~ 

fP 
+ ... . . ! 0 1 

' '" IX 
... 

'" t- '.11 

" ' ... 
.,, ,,. 

"'1' ----+=----'-"I 

,,,,. ----t-- --'-'-', IX 

__ ,_., 

Pol tne sset 

TOTAL 5 0 
50 IOOX 

0. 

100.t 
50 

0. 
< z 

100 ' 

AAAAA,~ t_O__c_<>_:=---j.• + ="f-~c_joo.aE==-J--+-+- -t-rr~l..----t---=t-7 !-0=f=-"f'C>---j--\~-t--t--t--t~ 
/\/1,/\ f\1-~ ~-, ,• 

/\I\/\ I\ /\ 
15 I\ /\ " I\ /\ 

I\ I\ I\ I\ /\ I--'-"'--"'---
/\ I\ /\/\/\ 
/\{\/\I\/\ ~07 U 

1\/1. fl /\/\ 

. .. . 

.. . 

.. . 
., ... .. 
., . ., . ,, 

Vol lom .;, 
_; ~ 

o. u~ j : SUC CJ SA SELAGl/.'ElLA. 
... TcT• l • spcr es 

50 IOOX Z 10..t 10 

IJA~P--~ ---,--...,....--'5~0---,--...,....----,"""'.::f=~--'...,_--"""',i;N:.:A::;.P--,---,-- ,---,---'/50c....-,---,---,-- ,--"'10a.O''t ZONE 

0..1 - 0..5 -

P late XXI 

80kj e vod t. 
0. .. "-

~ 

20!{ " 10 OM TOTAL 50 roox ~ 
, -1 ZO NE. 

::......,---,-...,.--.--",--- ,---,-~---,-.!!:IO~V~::j,--50 !00% NAP ;o 

I I I 
0 

t---
/ '\ 0.1 

"""' \ "' 
\ 

\ 

O,f9 1-------- '~· _I "\ <C±-l/ __ t·1---'••-0-1-- -1------1 
CAI/I': , . , r-~ r--.__ / 

..._ .,, ' 
\ T 

r .'\ 

A_ ~I 

I I 
--.: "' ] 

./ 

"' 1 "' I "' 
"' N4P 

m 

"' -

a, \ I/ 

"' 
-7 I .. '" 

....... 

,,. v 
'/ 

'" I ' r--.. -
1 1' 

.., 
"' J 

I/ \-1 
~! 
~,--; 

r-. l.---' ,., 

l I"-. "' 
- \ D .,. I 

1'___. 

b<: '" 
~ l---0 , I 

'" 
.ill 

0,30 ? ) 
"' ' V c111r,vmo,..~. ~ : _..J1..S 

, I .L, L-- "' 
:.,.., 

"' - ~-, 
'-.. / ::,.._ -.,, 
./' ... 
--... ----... "' 

I . '<'--
" 

0 50 -
611k ~ r-"' .,, "' 

D.--, / 

'" '-- t---.: -.. 
\ \ I/ 

OJV 

k--' +---_------+--::.::.::--=--,---4e,1_··~·: -J-t."J._~d:<;7'--tK/,.L..,_, ,..,kqJ==,el-~-t--1=-t.-=t..--'-~:~::~~-=:---'=JL_LJ_JJ~ 
pp -.... ' ,,, ~ _...,.~ f:g:l-.--A v 

,__ ,_ 
,~ /\K~ ~ ~. 

... 

... 
"' .. ~ 

1~ 5 

"' ... 
"' -
'" 
"' 

-- ---+--- -1-1-···_· _ ... _ .. __ ··;::·"-' .. ·c:··-~-~/c:_+lu _/-+_ ._ J _-'f-_• .....__-=:oi,.",-+-- -1-----+- + -'''-''.!j' f--- -1 

I 
____!E 

S1 1i1 

0 
S tlull 

••• • . •• • U l tnUl 

• 
P l 11u1 

D 
,U 11u 1 

T/1 11 

e, 0 

Rume • C)' p1r,e,. , 

I 

• ♦ ... 
OM Cor11 u r F1; u s 

OtH1r e u1 

<• @ 

f rieal u Junip, r us 

Marin• 
s h etl- mar t 

' 

o , rruu, 
mod 

-
' -
' 
' 

I 

' I 

' -
' ...... 
-

+ 

g, 

~ .~IJ.3 
-) .. 

- .~t 

' "-IJ 
....<t '" 

13 2 , 0 

~~~ 
·-- - !J6 

" " 

II - • • ---• --- • • - • -• • ... 
• 

IX • 
• 

• 

Ml 

1I 



FR. BAGG ES KGL. HOFBOGTRYKKERt 
K0BENHAVN 


	112_0001.tif
	112_0002.tif
	112_0003.tif
	112_0004.tif
	112_0005.tif
	112_0006.tif
	112_0007.tif
	112_0008.tif
	112_0009.tif
	112_0010.tif
	112_0011.tif
	112_0012.tif
	112_0013.tif
	112_0014.tif
	112_0015.tif
	112_0016.tif
	112_0017.tif
	112_0018.tif
	112_0019.tif
	112_0020.tif
	112_0021.tif
	112_0022.tif
	112_0023.tif
	112_0024.tif
	112_0025.tif
	112_0026.tif
	112_0027.tif
	112_0028.tif
	112_0029.tif
	112_0030.tif
	112_0031.tif
	112_0032.tif
	112_0033.tif
	112_0034.tif
	112_0035.tif
	112_0036.tif
	112_0037.tif
	112_0038.tif
	112_0039.tif
	112_0040.tif
	112_0041.tif
	112_0042.tif
	112_0043.tif
	112_0044.tif
	112_0045.tif
	112_0046.tif
	112_0047.tif
	112_0048.tif
	112_0049.tif
	112_0050.tif
	112_0051.tif
	112_0052.tif
	112_0053.tif
	112_0054.tif
	112_0055.tif
	112_0056.tif
	112_0057.tif
	112_0058.tif
	112_0059.tif
	112_0060.tif
	112_0061.tif
	112_0062.tif
	112_0063.tif
	112_0064.tif
	112_0065.tif
	112_0066.tif
	112_0067.tif
	112_0068.tif
	112_0069.tif
	112_0070.tif
	112_0071.tif
	112_0072.tif
	112_0073.tif
	112_0074.tif
	112_0075.tif
	112_0076.tif
	112_0077.tif
	112_0078.tif
	112_0079.tif
	112_0080.tif
	112_0081.tif
	112_0082.tif
	112_0083.tif
	112_0084.tif
	112_0085.tif
	112_0086.tif
	112_0087.tif
	112_0088.tif
	112_0089.tif
	112_0090.tif
	112_0091.tif
	112_0092.tif
	112_0093.tif
	112_0094.tif
	112_0095.tif
	112_0096.tif
	112_0097.tif
	112_0098.tif
	112_0099.tif
	112_0100.tif
	112_0101.tif
	112_0102.tif
	112_0103.tif
	112_0104.tif
	112_0105.tif
	112_0106.tif
	112_0107.tif
	112_0108.tif
	112_0109.tif
	112_0110.tif
	112_0111.tif
	112_0112.tif
	112_0113.tif
	112_0114.tif
	112_0115.tif
	112_0116.tif
	112_0117.tif
	112_0118.tif
	112_0119.tif
	112_0120.tif
	112_0121.tif
	112_0122.tif
	112_0123.tif
	112_0124.tif
	112_0125.tif
	112_0126.tif
	112_0127.tif
	112_0128.tif
	112_0129.tif
	112_0130.tif
	112_0131.tif
	112_0132.tif
	112_0133.tif
	112_0134.tif
	112_0135.tif
	112_0136.tif
	112_0137.tif
	112_0138.tif
	112_0139.tif
	112_0140.tif
	112_0141.tif
	112_0142.tif
	112_0143.tif
	112_0144.tif
	112_0145.tif
	112_0146.tif
	112_0147.tif
	112_0148.tif
	112_0149.tif
	112_0150.tif
	112_0151.tif
	112_0152.tif
	112_0153.tif
	112_0154.tif
	112_0155.tif
	112_0156.tif
	112_0157.tif
	112_0158.tif
	112_0159.tif
	112_0160.tif
	112_0161.tif
	112_0162.tif
	112_0163.tif
	112_0164.tif
	112_0165.tif
	112_0166.tif
	112_0167.tif
	112_0168.tif
	112_0169.tif
	112_0170.tif
	112_0171.tif
	112_0172.tif
	112_0173.tif
	112_0174.tif
	112_0175.tif
	112_0176.tif
	112_0177.tif
	112_0178.tif
	112_0179.tif
	112_0180.tif
	112_0181.tif
	112_0182.tif
	112_0183.tif
	112_0184.tif
	112_0185.tif
	112_0186.tif
	112_0187.tif
	112_0188.tif
	112_0189.tif
	112_0190.tif
	112_0191.tif
	112_0192.tif
	112_0193.tif
	112_0194.tif
	112_0195.tif
	112_0196.tif
	112_0197.tif
	112_0198.tif
	112_0199.tif
	112_0200.tif
	112_0201.tif
	112_0202.tif
	112_0203.tif
	112_0204.tif
	112_0205.tif
	112_0206.tif
	112_0207.tif
	112_0208.tif
	112_0209.tif
	112_0210.tif
	112_0211.tif
	112_0212.tif
	112_0213.tif
	112_0214.tif
	112_0215.tif
	112_0216.tif
	112_0217.tif
	112_0218.tif
	112_0219.tif
	112_0220.tif
	112_0221.tif
	112_0222.tif
	112_0223.tif
	112_0224.tif
	112_0225.tif
	112_0226.tif
	112_0227.tif
	112_0228.tif
	112_0229.tif
	112_0230.tif
	112_0231.tif
	112_0232.tif
	112_0233.tif
	112_0234.tif
	112_0235.tif
	112_0236.tif
	112_0237.tif
	112_0238.tif
	112_0239.tif
	112_0240.tif
	112_0241.tif
	112_0242.tif
	112_0243.tif
	112_0244.tif
	112_0245.tif
	112_0246.tif
	112_0247.tif
	112_0248.tif
	112_0249.tif
	112_0250.tif
	112_0251.tif
	112_0252.tif
	112_0253.tif
	112_0254.tif
	112_0255.tif
	112_0256.tif
	112_0257.tif
	112_0258.tif
	112_0259.tif
	112_0260.tif
	112_0261.tif
	112_0262.tif
	112_0263.tif
	112_0264.tif
	112_0265.tif
	112_0266.tif
	112_0267.tif
	112_0268.tif
	112_0269.tif
	112_0270.tif
	112_0271.tif
	112_0272.tif
	112_0273.tif
	112_0274.tif
	112_0275.tif
	112_0276.tif
	112_0277.tif
	112_0278.tif
	112_0279.tif
	112_0280.tif
	112_0281.tif
	112_0282.tif
	112_0283.tif
	112_0284.tif
	112_0285.tif
	112_0286.tif
	112_0287.tif
	112_0288.tif
	112_0289.tif
	112_0290.tif
	112_0291.tif
	112_0292.tif
	112_0293.tif
	112_0294.tif
	112_0295.tif
	112_0296.tif
	112_0297.tif
	112_0298.tif
	112_0299.tif
	112_0300.tif
	112_0301.tif
	112_0302.tif
	112_0303.tif
	112_0304.tif
	112_0305.tif
	112_0306.tif
	112_0307.tif
	112_0308.tif
	112_0309.tif
	112_0310.tif
	112_0311.tif
	112_0312.tif
	112_0313.tif
	112_0314.tif
	112_0315.tif
	112_0316.tif
	112_0317.tif
	112_0318.tif
	112_0319.tif
	112_0320.tif
	112_0321.tif
	112_0322.tif
	112_0323.tif
	112_0324.tif
	112_0325.tif
	112_0326.tif
	112_0327.tif
	112_0328.tif
	112_0329.tif
	112_0330.tif
	112_0331.tif
	112_0332.tif
	112_0333.tif
	112_0334.tif
	112_0335.tif
	112_0336.tif
	112_0337.tif
	112_0338.tif
	112_0339.tif
	112_0340.tif
	112_0341.tif
	112_0342.tif
	112_0343.tif
	112_0344.tif
	112_0345.tif
	112_0346.tif
	112_0347.tif
	112_0348.tif
	112_0349.tif
	112_0350.tif



