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2 C. R. JANSSEN
CHAPTER 1

INTRODUCTION

The history of the vegetation found in the southern part of the
province of Limburg was up to now practically unknown. This is
partly due to the scarcity of peat sediments which makes this region
unattractive to palynologists. Compared with other parts of the
Netherlands South Limburg shows in its soil as well as 1n its climate
a particular character. The soil in the area investigated by us consists
of limestone and of loess. For that reason and also on account of its
somewhat different climate its vegetation presently differs conspic-
uously from that found in the other parts of the Netherlands. This
suggests that the history of its vegetation will be different too.

It is not for the first time that peat deposits in South Limburg were
made an object of palynological investigation. BELDEROK and HEN-
DRIKS described in 1953 the stratigraphy and palynology of a bog,
situated near Sittard, i.e. on the northern border of South Limburg.
Furthermore provisional investigations of peat samples obtained from
some bogs were made between 1950-1957 at the “Botanical Museum
and Herbarium”, Utrecht. We mention samples of a bog in the valley
of the “Rode Beek” between Schinveld and Gangelt, from a small
bog on the heath at Brunssum, from peat deposits in the region of
Voerendaal and from a small bog in the neighbourhood of Schinnen.
It was clear already from the pollen diagrams obtained from these
peat deposits, that the history of the vegetation of this part must have
been different from that which could be established so far for other
parts of the Netherlands. For instance the pollen diagram of a bog
near Voerendaal shows very high percentages of Tilia, percentages
that are not reached in any of the diagrams that have so far been
obtained from deposits in the Netherlands.

For these reasons, in 1957 the investigation of peat deposits in South
Limburg was started on a larger scale. With the exception of the bog
near Schinnen, the already mentioned bogs were included in this
investigation. Moreover the adjacent parts of Belgium and of Germany
were also taken into consideration. As these regions show in geolog-
ical and geographical respect the same character as South Limburg,
it seemed desirable to include them too in the investigation.

GENERAL REMARKS WITH REGARD TO THE AREA INVESTIGATED BY US

Compared with the rest of the Netherlands South Limburg is a very hilly country.
The average altitude is 150-200 m above sea level and in the most south eastern
part of the region a row of hills reach altitudes of 270 m above sea level. In this
respect South Limburg forms a transition between the Ardennes in the south and
the low lying plains of the lower Rhine. The number of streams is not large. For
that reason South Limburg gives us the impression of a rather extensive plateau,
which is divided by the streams in a number of smaller ones. The most important
differences in altitude are found along the borders of the plateaus. The landscape
upon the plateaus is not hilly at all, but only slightly undulating. All the streams
found in the region are tributaries of the river Maas, which flows through the western
part of South Limburg. In South Limburg five streambasins are present, the most
important of which are those of the Geul and the Geleen. Less important are those
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of the Worm, the Voer and the Rode Beek. Only the basins of the Geleen and of
the Rode Beek are situated entirely on Dutch territory. The Voer is an entirely
Belgian stream and the Geul rises in Belgium, but the lower course and part of
the middle course of this stream are situated on Dutch territory. The Worm,
finally, is almost completely 2 German stream. A part of it however, forms a portion
of the eastern frontier of the Netherlands.

CHAPTER II

GEOLOGICAL STRUCTURE

The surface soil in the Netherlands consist for the greater part of
sediments of holocene and pleistocene age. Only in the most eastern
and southern parts of the country older sediments reach the surface.

As has been pointed out in the introduction, these soil conditions
are partly responsible for the particular character of the flora of to
day. Some aspects of the geology, in so far as they are of importance
for the distribution and origin of the bogs and for the present vegeta-
tion, have to come up for discussion. However, it would take too much
time to treat the geological structure of South Limburg in detail. For
the comprehensive survey of its geology we refer to the handbooks
dealing with the subject (FABER, 1942, 1948; PANNEKOEK, 1956).

SEDIMENTS OF PRE-TERTIARY AGE

The most important sediments in South Limburg consist of lime-
stone deposited during the upper Senonian. These sediments reach
the surface in many places, chiefly along the slopes of the valleys.
However, these limestone sediments do not occur all over the region.
Map 1 (p. 7-8) shows, in a simplified form, a map of South Limburg,
drawn by VAN RuMMELEN and reproduced in JoNeMmans, KruL and
Vos (1941); on this map all quaternary sediments are omitted. It
shows that the limestone sediments are confined to the southern part
of the region and to the adjacent part of Belgium. The limestone
deposits are bordered in the north by a fault, known as the fault of
Kunrade. The villages Locht, Kunrade and Klimmen are situated
on this very fault. North of the fault of Kunrade the limestone dis-
appears beneath tertiary sediments. To the south the area in which
the limestone sediments reach the surface is bordered by a fault
roughly running along the line Aachen—Verviers. South of this fault
sediments of Devonian and Cambrian age reach the surface.

Between the two faults the limestone does not form a closed cover.
In the first place they have disappeared because of the eroding action
of the rivers. This is observed chiefly in the valley of the Berwinne and
in the upper part of the valley of the Geul, where older sediments
reach the surface. Secondly because the original stratification has been
disturbed by a number of smaller faults.

The sediments which preceded the upper Senonian ones consist
of clay and sand from the Hervien and Aachenien (lower Senonian
and of schists and sandstones from the Carboniferous). The Aachenien
is a coast sediment deposited at a time when the sea did not yet cover
South Limburg so completely as it did during the upper Senonian.
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The Hervien the socalled ““greensand of Vaals”, is a sediment which
was formed after a transgression of the sea. Between Aachenien and
Hervien we find therefore a basis conglomerate. The Hervien consists
of clay and sand layers which show a green colour owing to the
presence of a ferro compound. Permian, Triassic and Jurassic are
lacking in South Limburg. Sediments from these periods have been
removed completely by erosion.

It  depends on the intensity of the erosion which of the earlier
mentioned sediments reach the surface. If we ascend the slopes of the
valley of the upper Geul, we meet successively Carboniferous, Aach-
enien, Hervien and Senonian. The Gulp has incised itself less deeply;
only the Hervien reaches the surface here.

SEDIMENTS OF TERTIARY AGE

In contrast to the region south of the fault of Kunrade the borders
of the geological formations in the northern part of South Limburg
are determined completely by the presence of faults. The most im-
portant ones are the Feldbiss, the Sandgewandt and the fault of
Heerlerheide. On account of the faults the geological map of this
region has the aspect of a patchwork quilt. All the sediments reaching
the surface here are of tertiary or quaternary age.

Oligocene. Oligocene sediments are almost completely lacking in the
southern part of South Limburg. Only locally the erosion has left
some rests of them on the plateaus. These sediments are covered here
by sediments belonging to the upper terrace and by loess. In the
northernmost portion of the southern part of South Limburg these
sediments are sometimes exposed, for instance on the heigher parts
of the Ubaghsberg and along the slopes of the lower Geul. We wish
to draw special attention to a definite stratum of the lower Oligocene,
the Cerithien clay, the name of which refers to the presence of Cerithium
plicatum. The Cerithian clay is of importance because a number of
little brooks owe their existence to this impermeable layer. Middle-
Oligocene clay is present as well.

Miocene. South of the fault of Kunrade sediments dating from the
Miocene are lacking. However in the northern part of South Limburg
they are well developed. They consist of very fine granular sands, in
which brown-coal layers are present. The Miocene sediments reach
the surface on the heath of Brunssum i.e. between Heerlen and Bruns-
sum. The north-east border of the area in which Miocene is exposed
is the Feldbiss, a NW-SE running fault. North of this fault the Miocene
disappears under Pliocene and Quaternary sediments. The south-west
border of the Miocene is formed by the fault of Heerlerheide. However,
even south of this fault a thin cover of Miocene sands may locally
be present.

Pliocene. Pliocene sediments are almost entirely restricted to the
most north-eastern part of South Limburg. Everywhere else these
sediments have been removed almost completely. Only on the already
mentioned Ubaghsberg the erosion has left some rests of them. The
Pliocene is represented here by a terrestrial sediment, deposited by
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the Rhine, and consisting of coarse sands alternating with layers of
gravel and clay.

SEDIMENTS OF QUATERNARY AGE

During the Pleistocene the size of the streams varied considerably.
Periods with a strong erosion alternated with periods, in which sand
was deposited. In this way terraces arose. Roughly speaking we
distinguish in South Limburg in the valley of the Maas three terraces:
viz. the upper, the middle and the lower terrace. In each terrace a
number of steps may be present (ZoNNEVELD, 1955).

The upper terrace is widespread. It covers almost everywhere the
older sediments, except in the most north-eastern and in the south-
eastern parts of South Limburg and on the complex of the Ubaghsberg.
In these three regions the younger sediments have not yet been
removed by erosion at the time in which the upper terrace was formed..
In later periods the Maas did not reach these parts. The upper terrace
consists mostly of coarse gravel, sometimes of sand and rarely of clay.
The material was derived from the Ardennes. Only in the eastern
parts of South Limburg Rhine gravel occurs. The lime content of
these sediments is very low. They may reach a considerable thickness,
but usually it is about 10 meter.

In the period, following that in which the upper terrace was formed, the rivers
incised themselves to a depth of about 60 meter; along the slopes of these old river
beds older sediments are now exposed. After this time a new period of sedimentation
set in, Important parts of the valleys were filled up with the sediments of this so-
called “middle terrace’”, which consist of the same material as those of the upper
terrace. In the next period the middle terrace in its turn was incised, and when
the erosion slowed down, the lower terrace was deposited. The lower terrace is
only a few meters thick. The rivers incised themselves to a depth which lies below
the base of the upper terrace. Therefore we do not find sediments belonging to the

terraces at the bottom of the valleys. A map showing the position of the terrace
sediments has been given by Van RumMmeLEN (1942a).

Loess. 'The loess, a finely granular, permeable, yellow-brown sed-
iment covers the older sediments with the exception of those which
form the lower terrace. It may reach a considerable thickness (up to
18 m). Loess is in this part of Europe not restricted to South Limburg;
it is present in Germany, in Belgium and in the northern parts of
France as well.

According to several authors (Drutr, 1927; VAN DoorMaar, 1945; Vink, 1949)
loess is an aeolian sediment, originating from the moraines in the north. The air-
borne character of the loess finds its expression in its finely granular texture; it is a
typical dust sediment (DecHERING, 1936). Moreover the loess has no resemblance
at all to underlying sediments. VAN RuMmMmELEN (1925, 1942) supposes that the
loess is a weathering product not of the moraines, but of the limestone.

Weathering products of limestone are doubtless present in South Limburg. A
fairly coarse product is the “Kleveneerd”, a clay soil which is displaced over a
short distance only. The kleveneerd occurs mainly on slopes where the loess dis-
appeared. A coarser product which does not undergo any horizontal displacement
at all is the “flinteluvium”. According to Van Rummelen the finest weathering
product of the limestone is the loess, which has been displaced over a greater distance
than the kleveneerd. From a botanical point of view it is not necessary to pay much
attention because the kleveneerd deposits usually do not exceed 60 cm in thickness.
Owing to the high lime content of the kleveneerd the vegetation on it bears a strong
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resemblance to the vegetation found on pure limestone. Nature and distribution
of the kleveneerd has been studied by BrReETELER (1951).

The loess did not stay in the places where it had been deposited.
During the lateglacial and postglacial periods a strong displacement
took place. First, there was a displacement of the soil under the glacial
and lateglacial conditions prevailing at the end of the Pleistocene,
at which time the frozen soil slid down along the slopes (solifluction);
in this way the loess was mixed with other deposits. This came to an
end in the earlier part of the Holocene, for then the soil was covered
by dense forest, so that there can have been no displacement of any
importance. A second displacement took place in the later part of
the holocene in which man began to play an important réle. Man
began to clear the forest and this resulted in a strong displacement
of the soil. The displaced soil has generally been described under
the name colluvial soil.

According to VAN N1sPEN ToT PANNERDEN (PANNEKOEK, 1956) a
complete loess sediment consists of three strata. At the base of the
sediment we find a stratum which proves to be deficient in lime. The
second stratum consists of strongly displaced material; it often contains
layers of sand, boulders and shells of tertiary age. In the uppermost
stratum which is usually thicker than the two others, we distinguish
a layer containing lime (‘“‘erdmergel”) and a layer from which the
lime has been removed. This uppermost layer i.e. the layer which is
deficient in lime, has a brown colour. It has apparently not been
leached very strongly up to now (DoorMAAL, 1945), since the highest
percentage of colloids occurs here. For this reason the top soil is the
most fertile stratum of the loess deposit (EDELMAN, 1950).

The loess deposit is almost never complete. By solifluction and
erosion a part of the sediment disappeared. In case of a strong erosion
the ““erdmergel” or even material of the terraces are exposed. Especially
the borders of the plateaus show such a strong erosion.

Near the Dutch-Belgian frontier and outside the region of the
terraces of the Maas the loess deposit often proves to be interrupted.
Here areas covered with loess are alternating with areas without loess.
The flat areas still have a top soil of loess; the slopes, on the other hand,
have a top soil of loam intermingled with flints: the ““flinteluvium”.
This soil must be regarded as a weathering product of rocks dating
from the Senonian. A second region where loess is lacking is the region
north of Heerlen. Here Miocene and Pliocene sand reach the surface.

Colluvial soils. According to DECHERING (1936) the loamy soils at
the bottom of the valleys consist for the greater part of transported loess.

CHAPTER III

PEAT DEPOSITS

One of the most important factors in the development of peat is a
sufficient supply of water. For this reason we will begin with some
remarks in the water balance of the region. .
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In the limestone area in the southern part of South Limburg the number of
brooks is, as a rule, small. On account of the good drainage in the limestone and in
the loess, the rain water does not flow off along the surface. The limestone and loess
are very permeable (JonoMans, KruL and Vos, 1941) and on account of this there-
is in these soils an important flow of groundwater, Moreover the floes of limestone
are connected with each other. For that reason, the distance over which water
can be transported is fairly large. On account of the great permeability of the lime-
stone, almost all valleys in the southern part of South Limburg are dry. Nevertheless,
a number of brooks are present. The latter owe their existence to the presence of an
impermeable layer. The most important ones are the clay belonging to the Hervien
and the Cerithien clay of the Oligocene. These layers, therefore, are of importance
for the origin of springs.

The Hervien is the impermeable layer which is responsible for the existence of
the Gulp, the Voer, the Eyserbeek, the Berwinne and many of the small tributary
brooks of the upper Geul. The geological map shows that in their upper course
these brooks have incised their bed in clay belonging to the Hervien.

The Cerithien clay is responsible for the streams arising north of the Geul between
Valkenburg and the Maas (KLEiN, 1913). The northern side valleys of the Geul
that are found east of Valkenburg and the southern side valleys of the Geul are dry,
because in these parts no impermeable layers occur. Therefore the Geul may be
regarded as a true limestone river. .

The Geleen belongs to an other type of river, because it has several tributary
brooks. KLEIN (1913) explained the difference between Geul and Geleen by the
presence of tertiary clay north of the fault of Kunrade. The groundwater in the
limestone which flows to the north, would be dammed up by the tertiary clay.
Only a part passes; the latter surplus appears in the form of springs at the surface.
We refer to the work of JoNngmans and Van RumMEeLEN (1935) for a survey of the
impermeable layers found in South Limburg.

Our considerations on the natural drainage system in South
Limburg indicate that in the southern part of this region, the condi-
tions for the formation of peat must be regarded as extremely unfa-
vourable. The formation of peat is not dependent upon the rainfall
alone, but upon the evaporation and the structure of the soil as well.
As the evaporation and the rainfall certainly are not unfavourable,
the differences in the structure of the soil are in South Limburg the
most important factor in the development of peat. On account of the
great porosity of the soil, the ground water in the southern part of
this region is found at a great depth. For this reason the soil is dry,
warm and well aerated; the organic material in it is destroyed complet-
ely by the activity of aerobic bacteria. Hence that bogs are lacking
here. '

‘However, north and south of the southern part of South Limburg
other conditions prevail. Here too the level of the phreatic surface is
deep, but as has been mentioned before, here impermeable layers are
present, and these layers supply the surplus of water that is necessary
for the development of peat. The water surplus prevents the activity
of aerobic bacteria, and results in the long run a shortage of oxygen
(LunDEGARDTH, 1957). However, if we consult the geological map,
we find that the number of bogs is very small. The geological map

Map 1. Geological map of the underground of South Limburg and adjacent

regions. Quaternary sediments have been omitted. Simplified from the map given

by F. H. van Rummelen (Joncmans, KrurL and Vos, 1941). A: peat present.
. A localities with stagnating water and springs without peat.
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shows three sites where fen peat has developed. These sites are:
1) Leiffenderven, in the north-eastern part of South Limburg, 2) the
spring area of the Rode Beek, 3) the area round Voerendaal. We
supposed that these localities would not be the only ones. Indeed we
found north of the fault of Kunrade several places where peat is present.
The size of these bogs is mostly very small. For that reason they are
not marked on the geological map. As a result of the dryness of the
soil on the plateaus, bogs are lacking here completely. They are
restricted to the valleys. The origin of the bogs is mostly topogenic;
they may arise, for instance, in the spring areas of the valleys, or in
branches of rivers, that have been cut off from the present bed. This
position at a low level is from a palynological point of view a disadvan-
tage, for on this account the development of peat did not proceed
undisturbed ; often the peat became mixed with sand or clay, deposited
by brooks; sometimes the development of the peat ceased temporarily;
and in case of a very strong erosion, parts of the peat deposit were
swept away. For that reason some pollen diagrams may show gaps.
In this respect, the conditions for a palynological investigation are
in the bogs of South Limburg much less favourable than in an exten-
sive raised bog.

At this time practically all bogs are overgrown with Alnus, with the
exception of a small number of bogs, where Alnus has been cleared,
and which have now been converted into meadows. For this reason
the tracing of bogs means an investigation of the Alnus bushes in the
valleys.

We saw already, that peat deposits are lacking south of the fault
of Kunrade. It was originally our plan to trace bogs as near as possible
to the limestone area. This ideal had to be given up. Almost all the
bogs prove to be situated north and north east of the limestone area.
A second region with peat deposits is present in the basin of the upper
Geul. However, the region of the upper Geul is not by far so important
as the region north of the fault of Kunrade.

A survey will follow now of all the sites investigated for the presence
of peat; in this survey sites with and without peat are included. In the
survey South Limburg has been devided into four parts: the limestone
district, the loess district, the valley of the Maas and the valleys of the
Berwinne and of the upper Geul. In each district the sites are arranged
valley after valley. The numbers in the survey refer to the map on
which all the quaternary sediments have been omitted (Map 1).

LIMESTONE DISTRICT

EYSERBEEK
1. Springs of the eastern slope of the valley, small
Alnus wood between Broek and Prickart. . . clay
2. Forest near Bulkensmolen. . . . . . . . . . clay
3. Springs south of the forestof Eys. . . . . . . clay
4. Alnus bush along the Eyserbeek, south of the rail-
way embarkment . . . . . . . . . . .. 40 cm peat, not included
GEeuL

5. Alnus bush on the west side of the Gulp . . . . clay
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6. Alnus bush opposite the “Oude Geul”. . . . . clay

7. Spring south of Mechelen. . . . . e s o s o clay
SINSELBEEK

8. Marshy meadows east of Wahlwiller . . . . . clay
ZIEVERSBEEK

9. Spring of the brook; Alnusbush . . . . . . . clay

SIJLERBEEK :
10. Spring of the brook; Alnus bush . . . . . . . peatyclay

Gurp

11. Marshy meadow near the castle of Karsveld . . clay

12, Marsh south of the castle of Teuven . . . . . clay

13. Alnus bush north of the railway Visé-Moresnet . clay, peat, not investigated
14. Alnus bush, mouth of the brook of Remersdael . clay

15. Spring of the brook of Remersdael . . . . . . lime, loam

16. Spring of the brook of Mabroek . . . . . . . clay

17. Alnus bush north of Gulpen . . . . . . . .. clay
VoER
18. Alnus bush south of Krindael . . clay
19. Marshy places around the castle of Ottcgrocven clay
20. Ailnus bush, south-west of Noorbeek. . . . . . peaty clay: Noorbeek

BERWINNE AND UPPER GEUL

BERWINNE
21. Marshy meadow west of Neer-Aubel . . . . . clay
22, Springnear Kreft . . . . . . ... .. .. clay
23. Alnus bush east of Herwiére . . . . . . . . .. clay

24, Alnus bush on the east side of the Berwinne . . clay
25. Alnus bush south-east of Téchereux . . . . . . clay

UrpeEr GEUL

26. Marshy meadow near Sippenaken . . . . . . clay
27. Flat area east of Plombiéres . . . . . . . . . clay
28. Spring near Groenebeemden, Alnus bush . . 80 cm peat: Groenebeemden
29. Alnus bush near Bosselaar . . . . . . . . . . sand
30. Alnus bush south-west of Gemmenich . . . . . clay
31. Marshy meadow east of Op de Geul, east side of
theGeul . . . . . .. ... ... . . clay
32. Marshy meadow east of Eiksken . . . . . . . clay
33. Alnus bush near Boschhuizen . . . « . clay
34. Marshy meadow near the castle of Broich . . . clay
35. Marshy places around the castle of Streversdorp 20 cm peat, notinvestigated
36. Alnus bush near Nieuw Moresnet. . . . . . . clay
37. Marshy places along the road Nieuw Moresnet-
Hergenrath . . . . . . .. . ... ... clay
38. Marshy meadow with springs between Hergen-
rath and Astenet. . . . . e e e e . . clay
39. Alnus bush along the Geul. . . . . . . . .. clay
40, 41. Marshy meadows south of the road Nieuw
Moresnet-Aachen . . . . . . . .. .. . clay

42. Spring north of Wolffsheid; Alnus bush . . . . 100 cm peat: Wolffsheid

W LOESS REGION NORTH OF THE FAULT OF KUNRADE
ORM

43, 44. Marshy meadows east and west of the road
Heerlen-Aachen, upper Worm. . . . . . . clay
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Alnus bush in the valley of the Anselerbeek south
ofBanck . . . . .. ... 0000 oL clay

46. Meadow in the valley of the Worm near Haanrade clay
47. Marshy meadow in the valley of the Anselerbeek,
north of the castle of Oud-Ehrenstein. . . . clay
48. Alnus bush in the valley of the Anselerbeek. . . 100 cm peat: Anselerbeek
49. Marshy meadows west of Anselerbeek. . . . . clay
50. Sheets of water near Streithagen . . . . . . . coal, dust
51. Alnusbush westof Hopel . . . . . . . . .. clay
52. Meadow in the valley of the Worm near Rimburg 140 cm peat: Rimburg
GELEEN
53. Spring of the Geleen near Benzenrade . . . . 60 cm peat: Benzenrade
54. Marshy meadow near the ruin of Schaesberg . clay
55. Wood near Eykendermolen . . . . . . . . . clay, loess
56. Alnus bush near the castle of Cortenbach . . . 100 cm peat: Cortenbach
57. Alnus bush near Puttendermolen . . . . . . . clay
58. Alnus bush north of the railway station ot Voeren-
daal . . . . ... .00 0oL clay
59. Marshy meadow near the castle of Puth. . . . clay
60. Meadow east of the castle of Haaren . . . . . 80 cm peat: Voerendaal
61. Springs of the Retersbeek; Alnus bush. . . . . 30 cm peat: Klimmen
62. Meadow in the valley of the Retersbeek near
Nieuw-Hof . . . . . e e e e e e e e clay
63. Alnus bush near Retersbeek . . . . . . . . . 10 cm peat, not investigated
64. Alnus bush near the castle of Rivieren. . . . . clay
65. Alnus bush near Brommelen in the valley of the

Geleen . . . . . . . .. 0. 300 cm peat: Brommelen

. Meadow opposite the castle of Hoensbroek . . clay
. Alnus bushmear Nuth. . . . . . . . . . .. 280 cm peat: Nuth

68. Spring of the Hulsberg brook near Hulsberg,
Alnusbush . . . . . e e e e e e e e 60 cm peat: Hulsberg
69. Alnus bushes along the Platsbeek . . . . . . . clay
70. Marshy meadow and Alnus bushes near Spaubeek clay
71. Spring in the Ravensbos, Alnus bush . . . . . 60 cm peat: Ravensbos
72. Alnus bushesnear Raar . . . . . . . . . .. clay
73. Marshy places near Waterval . . . . . . . . clay
Robe Beek
74. Springs of the Rode Beek . . . . . . . . . . 90 cm sand : Brunssum 2, 3
75.1dem. . . . . L s e e e e e e e e e 80 cm peat: Brunssum 1
76. Alnus bush near Vosbroek . . . . . . . . . . clay
77. Meadow in the valley of the Rode Beek between

78.
79.
80.

81,
84.

Gangelt and Schinveld . . . . . . . . . .. 300 cm peat: Leiffenderven

VALLEY OF THE MAAS

Alnus bush near Terhagen. . . . . . . . .. clay
Meadow near Huis Geulle . . . . . . . . . clay
Alnus bush near Moorveld at the watermill . . 20 cm peat: Moorveld
82, 83. Alnus bushes in the Armenbos and Bun-
derbos . . . . .. ..o clay
Marshy meadow near Borgharen. . . . . . . clay

In addition to these sites we visited part of Belgium situated to the
north-west of South Limburg. Loess is lacking here, and the region
is therefore scarcely inhabited. For the greater part it is occupied by
heath and pine woods. No peat of any importance has been found.

A glance on the map 1 (p. 7-8), on which the quaternary sediments have been
omitted, shows that many bogs are concentrated in the valley of the Geleen, espe-



LATEGLACIAL AND POSTGLACIAL VEGETATION OF SOUTH LIMBURG 13

cially in the triangle Ravensbos-Heerlen-Nuth. In this very triangle sediments of
Oligocene age are present at a slight depth below the surface. The impermeable
clay of this layer is perhaps responsible for the fact that here more bogs are occurring
than elsewhere. Bogs which probably owe their existence to this layer are Ravens-
bo;, Hulsberg, Klimmen, Nuth, Brommelen, Voerendaal, Cortenbach, and Benzen-
rade.

- CHAPTER IV

PRESENT ASPECT OF THE VEGETATION

There are doubtless many factors which may exercise an influence
on the vegetation, but we will confine our attention here to climate,
soil and human interference.

Climate

The climate in South Limburg is atlantic though with some con-
tinental and submontane features. The submontane character of the
climate appears clearly in the annual precipitation.

According to figures, compiled by De Leeuw (1935), the annual precipitation
in South Limburg increases from west to east simultaneously with the increase in
altitude in that direction. In the western and nothern parts the main annual
precipitation is about 650 mm. In the most south-eastern part it increases to 900 mm.
The continental feature of the climate is of secondary importance only. We find it
especially in the lower western and northern parts of the region. These parts have a
maximum rainfall in July and belong to that region of the european continent in
which summer rains prevail. In the other parts of South Limburg the precipitation
is distributed more or less evenly over the year.

Sozl

From a plantgeographical point of view the area investigated here
belongs to the atlantic province of the Euro-Siberian North American
region. In our area moreover plantgeographical districts may be
distinguished (VAN Sogst, 1934):
1. the cretaceous district south of the fault of Kunrade. It comprises
all the localities where limestone reaches the surface. We refer to the
map given by DieMoNT and VAN DpER VEN (1953). Owing to local
particularities of the climate as well as on account of the character
of the soil a number of thermo- and neutrophytes are present. These
two groupes of plants represent the central-european feature in the
vegetation. Many thermo- and neutrophytes find on the warm and
dry slopes suitable growth conditions.
2. the loess district, north of the fault of Kunrade. The loess district
too possesses some thermo- and neutrophytes but here their number
is smaller than it is in the cretaceous district.

FOREST ASSOCIATIONS

Owing to the particular character of the soil, in South Limburg
forest associations are present that are almost completely absent in
the other parts of the Netherlands. However on account of the rich
soil, a large part of the forests have been destroyed by man. Especially
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in medieval times, but even ear.Xr, large tracts have been cleared.
The only places where at present woods occur are 1) the less rich soils;
2) those slopes which are too steep to be used for agricultural purposes.
Among the remaining forest the following types are represented:
(JoneMans and DiemonT, 1942; DiemonT, 1944; VAN LEEUWEN and
Domne Krarr, 1955, 1959).

Forest on rich soil.

1. Associations belonging to the Carpinion

At the foot of the slopes we often find a deposit of loessoid loam.
In case this layer is well drained, i.e. when it is not too thick and
when it covers limestone or sand, the wood bzlongs to the Querceto-
Carpinetum fraxinetosum (typicum) Among the trees in this wood we may
mention Quercus, Acer, Carpinus and Fraxinus. In South Limburg a
number of variants of this subassociation are present (VAN LEEUWEN
and Doine Krarr, 1955). A second type is the Querceto-Carpinetum
loniceretosum (stellarietosum), occurring on slightly leached loess loam
(WesTHOFF, 1951).

On account of the slightly leached soil, acidophilous species occur
in this type of forest: Betula verrucosa, Oxalis acetosella, Maianthemum
bifolium, and others. According to DiemonT (1955), in earlier times
these types of woods will have occurred on the plateaus too. A third
type of wood is confined to the cretaceous district: the Querceto-
Carpinetum orchidetosum. We find this type of forest on places where
limestone reaches the surface. Usually limestone reaches the surface
in the middle part of the slopes, where it is covered, however, by a
thin layer of loess or “kleveneerd”. It is especially in this type of wood,
that we find the neutro- and thermophytes (Clematis and several
orchids). Usually it is less dense than the Querceto-Carpinetum fraxinetosum
and loniceretosum.

When forests of this type are felled, a Mesobrometum takes its place;
this association has to be considered therefore as a regressive stage
of the Querceto-Carpinetum orchidetosum. If mowing or grazing by cattle
ceases, a forest of the original type returns (DIEMONT and VAN DER
VEN, 1953 ; ScHWICKERATH, 1944).

A fourth and fifth type of forests are the Querceto-Carpinetum sanicule-
tosum and the Querceto-Carpinetum melicetosum, the former belonging to
the group of rich associations of which the Querceto-Carpinetum fraxine-
tosum is an other example, the latter to the group of less rich associa-
tions, which is represented also by the Querceto-Carpinetum loniceretosum.
In both types of wood Fagus may occur. The associations of the
Carpinion occur on soils older than the Holocene but usually not on
sandy soils. Nowadays in South Limburg the forest associations of the
Carpinion are present on the lower and middle part of the slopes (VAN
LeeuweN and Doine Krarr, 1955), and usually along the slopes a
zonation of the associations mentioned before is to be found (BARKMAN,
1948). The Querceto-Carpinetum loniceretosum is present on the higher
parts of the slopes; below this zone we find the Querceto-Carpinetum
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orchidetosum, whereas the wood at the foot of the slopes has the char-
acter of the Querceto-Carpinetum fraxinetosum.

On account of the high content of nutrients in the soil, a B-zone
is almost completely lacking in the stratification. Only the stratification
in the soil of the Querceto-Carpinetum loniceretosum may show a B-zone
(stellarietosum: JeswikT and DE Leeuw, 1933; WestHoFF, 1951).
Under the influence of man the woods belonging to the Querceto-
Carpinetum have often been changed into shrub vegetations (Prunetalia).
The Querceto-Carpinetum may be degraded into the Carpino-Prunetum
(Rubion subatlanticum) or into the Pruneto-Ligustretum (Berberidion vulgaris).
The Pruneto-Ligustretum typicum is connected with the Querceto-Carpinetum
Jraxinetosum; the Pruneto-Ligustretum orchidetosum with the Querceto-
Carpinetum orchidetosum. As mentioned before, in case of a complete
destruction the latter association is replaced by the Mesobrometum.

2. Associations belonging to the Alno-Ulmion

The associations belonging to the Alno-Ulmion are present on
Holocene, more or less wet and mineral soils, which do not show
distinct stratification (see p. 55). In South Limburg these types of
wood are found at the bottom of the valleys. According to Van
LeeuweN and Doine Krarr (1959), proceeding from the Querceto-
Carpinetum fraxinetosum zone towards the brook we find successively
associations belonging to the Ulmion, the Alnion incanae and to the
Salicion.

On account of the high measure to which the soil which supports
the 'Salicion has been brought in culture, in South Limburg, only
fragments of the Salicetum triandrae-viminalis and of the Saliceto-Populetum
are still present. The Salicion represents the initial phase in the succes-
sion, which starts on the sediments deposited by the brooks. The soil
on which these types of woods occur, are characterized by the high
frequency of the yearly inundations. In case of less frequent inunda-
tions the succession leads to associations belonging to the Ainion incanae
(cf. the Querceto-Carpinetum filipenduletosum p.p. and the Alnion glutino-
sae p.p.

In the Alnion incanae a beginning development of peat may be
present. The Alnion incanae comprises the following associations: in
the first place the forest found near the springs with fast running water
which contains a high content of oxygen; this is the Cariceto remotae-
Fraxinetum a forest on minerogenous soil, in which Fraxinus usually
is dominant, though sometimes together with Alnus glutinosa. A
second representative of the Alnion incanae is the Pruneto-Fraxinetum
(cf. Querceto-Carpinetum filipenduletosum p.p.) which occurs on alluvial
soils along the brooks. The Pruneto-Fraxinetum is a forest of Fraxinus,
mixed with Quercus robur, Alnus glutinosa and Corylus avellana; Carpinus
may be present too (transition to the Carpinion), just as Salix. The
association is bordered towards the brook by the Cariceto remotac-
Fraxinetum. The latter forms a fairly broad zone along the brooks.
At the surface of the soil a thin layer of peat may be present here. The
areas, in which this type of wood occurred have been turned almost
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completely into hayfields. The Macrophorbieto-Ainetum (cf. Querceto-
Carpanetum filipenduletosum p.p. and Alnion glutinosae p.p.) occurs in the
same sites as the Pruneto-Fraxinetum, but it shows a stronger relationship
to the Alnion glutinosae. In this type of forest Alnusis dominant; it occurs
together with Fraxinus, Quercus and a little Salix. Fraxinus may become
dominant where the soil is better drained. The Macrophorbieto-Alnetum
is present in sites with a high phreatic surface (at a depth of 1-4 dm),
provided that the groundwater does not run. The peat layer is on the
average somewhat thicker than it is in the Pruneto-Fraxinetum (3 dm)
(Maas 1959).

Associations belonging to the Ulmion and represented in South
Limburg are the Fraxino-Ulmetum, a forest on young calcareous
sediments, and the Stachyeto-Quercetum (ct. Querceto-Carpinetum stachye-
tosum). In this type of forest especially Quercus and Fraxinus occur mixed
to some extent with Alnus and Ulmus. The association resembles the
Carpinion by the occasional occurrence of Carpinus. The soil may
show a beginning of a zonation.

The associations of the Alno-Ulmion may degrade into associations
belonging to the Prunetalia in the same way as the associations of the
Carpinion. Associations belonging to the Prunetalia but derived from
the Aino-Ulmion are the Sambuco-Prunetum (Rubion subatlanticum) on
neutral to slightly acid soil, and the Sambuco-Ligustretum (Berberidion)
derived from the Fraxino-Ulmetum.

According to VAN LEEUWEN and Doineg KRAFT (1955) the succession
from the Salicion and from the Alnion incanae runs along two ways.
A first possibility is the succession to the Alnion glutinosae. On low
sites the water stagnates, and an accumulation of peat starts (see
page 57). A second possibility is the succession over the Ulmion in the
direction of the Carpinion. The inundations become less frequent by
the increase in thickness of the sediments deposited by the river.
In case of a complete cessation of the inundations, out of the Ulmion
a Carpinion may arise. At this stage of the succession the maturing
of the soil starts (see page 55).

3. Associations belonging to the Alnion glutinosae

These types of forest occur on soils with a high phreatic level (at
an average depth of ca 30 cm). The water usually stagnates. We
distinguish the following associations and subassociations: the Cariceto
elongatae- Alnetum typicum and the Cariceto elongatae-Alnetum cardaminetosum
amarae, the latter subassociation occurring in the spring areas of the
brooks. In case a thick layer of peat has developed in a site which
became gradually less marshy, the forest is the Thelypterideto-Alnetum
(to-day absent in South Limburg). Finally we have to mention the
Betuleto-Salicetum (see page 17).

In the associations of the Alno-Ulmion and the Alnion glutinosae the
stratification of the soil often shows a gley horizont. Usually the
reaction of the soil is neutral. The upper layer of the Stachyeto-Quercetum
(Querceto-Carpinetum stachyetosum: WESTHOFF and MELTZER, 1942) may
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show an acid reaction, but by the rise of the phreatic surface in winter
a sufficient supply of nutrients is safe-guarded.

Forest on poor soil

A number of sites in South Limburg have a soil which shows an
acid reaction. They are:

1. The sand of the terraces found along the borders of the plateaus,
in places where the loess has been removed;

2. The “flinteluvium” found in the southern parts of the area;
especially between Vijlen and Vaals a great forest complex is
still present.

3. Rests of tertiary deposits spared by the erosion (Ubaghsberg).

4. The part north of Heerlen, where sands of the Miocene and Pliocene
age reach the surface.

The soil in the first three sites supports an association of the Violeto-
Quercion: the Querceto-sessiliflorae. L'his type of forest shows in the under-
growth submontane elements, viz. Luzula luzuloides and Luzula silvatica.
Among the trees Quercus petraca and Betula are dominant. From the
shrub layer we mention Frangula alnus, Sarothamnus scoparius, Rubus spec.,
Corylus avellana and Sorbus aucuparia. Among the herbs several acido-
philous species occur; e.g. Maianthemum bifolium, Teucrium scorodonia,
Convallaria majalis and Pleridium aquilinum.

The largest stretch of land with an acid soil reaction, is the part
north of Heerlen. The leading association found in this part is the
Querceto-Betuletum (Vaccinio-Quercion). In this association Quercus petraca
is replaced by Quercus robur. The soil is in this wood type usually more
or less leached out. A B-zone is always present. A third forest type
present in the part north of Heerlen is the Betuleto-Salicetum (Alnion
glutinosae), an association on very wet, sandy and minerogenous soils.

These types of wood are as a rule highly influenced by man who
planted several exotic trees (e.g. Robinia pseudoacacia and Quercus
americana) and Pinus silvestris. Where the wood has been felled the soil
is occupied by species belonging to the Calluneto-Genistetum. Typically
acidophilous representatives of this association are e.g. Calluna vulgaris,
Genista anglica, Sarothamnus scoparius and Rumex acetosella.

The poor soils in South Limburg are usually recognizable from afar
by the presence of Pinus, Sarothamnus and Calluna. If we inspect a forest
map of the region, the soil conditions are clearly revealed in the
distribution of the trees, especially of Pinus. Examples of differences
in the vegetation found on different soil types has been given by
Van RumMELEN (1936).

We mentioned already the influence of human interference. Indeed,
especially in South Limburg man strongly influenced the character
of the forest. As we have seen already the forest which once covered
the soil has been cleared, and artificial monocultures have taken its
place. The associations of the Alno-Ulmion and the Alnion glutinosae
have usually been transformed into hayfields; the associations of the
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Carpinion into orchards and the associations of the Quercion into fields,
on which cereals and other crops are grown.

The present woods which for one reason or another were spared
did not remain uninfluenced by man. Especially when the forest has
been thinned out the light requiring species obtain a better chance
in the struggle for life. This is one of the reasons which make it un-
likely that the present woods show a fully natural aspect. To contribute
to the solution of this problem is one of the aims of the present work.

CHAPTER V

MATERIALS AND METHODS
Field work

At present no bogs are into exploitation. Therefore it is not possible to take
samples from perpendicular walls of peat. All the samples have been collected by
means of a Dachnowsky sonde in the modification developed at Utrecht (Eswurs,
1946). The bored cylinders of peat (20 cm in length) were preserved in glass culture-
tubes. This method in preserving peat samples has the advantage that the peat
practically does not dessicate.

Laboratory work

Each cylinder was divided longitudinally into two halves. One half was used for
the stratigraphic work, the other half for the palynological investigation.

1. STRATIGRAPHIC WORK

The stratigraphic work has been carried out in order to obtain a better insight
in the character of the vegetation of the bogs themselves. For this purpose an
investigation has been made of the macroscopically recognizable rests in the peat;
including, for instance, fruits, leaves, wood, etc. This work has been carried out in
three stages:

a. by direct inspection of the peat;

b. by making a suspension of the peat in water; in such a suspension seeds come
to the surface and can be removed by means of a brush;

c. by sieving of the peat and investigating separatily the components of the latter.

2. PALYNOLOGICAL INVESTIGATION

In a number of instances it was necessary to take samples from the halved peat
cylinder in parts that were very close to each other. Therefore in the halved peat
cylinder narrow grooves were cut, which were covered with strips of paper men-
tioning the depth to which they responded. In this manner it was easy to take a
sample between two known spectra, when the investigation of such a sample
seemed desirable.

The samples were treated according to the acetolytic method of ErnpTMAN (1934,
1936, 1943). The prescription, given in Estuis (1946) has been followed, except
that the samples were neither bleached or stained. Sand could usually be removed
by allowing it to settle. This method is only effective in case of coarse sand. Fine
sand was removed by means of HF. The unused part of the suspension was kept
in small tubes of glass for later control, For preservation some phenol was added.

a. Tree pollen sum (ZAP)

The tree pollen sum comprises the pollen grains of Alnus, Corylus, Betula, Pinus,
Picea, Abies, Salix, Fraxinus, Quercus, Ulmus, Tilia, Fagus and Carpinus. In a large
number of samples about 500 AP (arboreal pollen grains) were counted. However,
on account of the small number of pollen grains that were present in many samples,
it was not always possible to count 500 AP, Especially when the XAP is low, the
curves pertaining to trees that are but poorly represented have to be accepted with



LATEGLACIAL AND POSTGLACIAL VEGETATION OF SOUTH LIMBURG 19

some reserve. In a few cases the number of pollen grains in the samples was so large
that it was possible to count 1000 AP. Further considerations concerning the counting
of pollen grains will follow in chapter VI.

b. Diagrams

Each diagram has been divided into a number of subdiagrams, each on another
scale. The first subdiagram comprises the curves obtained for Alnus, Betula, Salix,
Pinus and the Quercetum mixtum. The second subdiagram gives separate curves for
the trees belonging to the Quercetum mixtum (Tilia, Ulmus, Quercus, Fraxinus, Acer),
Fagus and Carpinus. Fagus and Carpinus have been removed from the first subdiagram,
where they usually have been placed, in order to avoid an unsurveyable course of
the curves in the first subdiagram (Van Zeist, 1955).

The Quercetum mixtum

The curve of the Quercetum mixtum has been maintained in spite of the fact that
the Quercetum mixtum is not a well-defined vegetation unit. The maintenance of
the curve of the Quercetum mixtum in the first subdiagram has an important advantage.
Usually one of the components of the Quercetum mixtum is more important than the
other ones and in this way it remains possible to compare this component with the
other trees of which curves are included in the first subdiagram.

Corylus
Following Bertscu (1942), Faeerr and Iversen (1950), Jonker (1952), and
Van Zeist (1955), Corplus was included in the ZAP. Therefore Corylus has been

considered as a forest tree. It is not difficult to compare these diagrams with dia-
grams which do not include Corylus in the ZAP.

Alnus

As has been stated in an earlier paper (Janssen, 1959), Alnus disturbs in South
Limburg diagrams the normal course of the curves. Alnus belongs to the vegetation
of the bog itself, and not to the forest on the surrounding slopes. Therefore, following
Fries (1958) and TrautMaNN (1957), in some diagrams Alnus was removed from
the tree pollen sum, The new percentages have been calculated for the trees only.
As usual the percentages for the herbs refer to a tree pollen sum including Alnus.
It was not always possible to remove Alnus from the tree pollen sum. Only in five
diagrams the number of the tree pollen grains was so high that after the removal
of Alnus the remaining pollen sum is high enough to calculate reliable percentages.
These five diagrams are: Rimburg, Leiffenderven, Nuth, Wolffsheid, and Anseler-
beek. The course of the tree pollen curves calculated when Alnus is not included in
the tree pollen sum is shown in the seventh subdiagram.

Salix

Salix which may belong to the vegetation of the bog as well has been left in the
tree pollen sum. In our diagrams Salix shows but very low percentages, and does
not influence the curves of the other trees.

Subdiagrams 1 and 2 are of the composite type. Sometimes, however, tree pollen
grains (usually components of the Quercetum mixtum) occur in a low percentage.
In that case these curves have been drawn separatily. In the second subdiagram
we find the curves of shrubs which are not included in the tree pollen sum (Myrica,
Frangula). In the third subdiagram the curves have been drawn separately. It
comprises the curves of the cereals and of the wild Poaceae and Cyperaceae. As
border line between the cereals and wild Poaceae we have assumed a diameter of
40 p (Farcri, 1944). In the fourth, fifth and sixth subdiagrams the curves have
mostly been drawn separatily. Sometimes however the percentages in these sub-
diagrams reach such a high value that one or more subdiagrams of the composite
type have been intercalated. The curve of the Rosaceae includes pollen of the
Comarum type. Excluded are Sanguisorba and Filipendula. No distinction was possible
between Sparganium and Typha angustifolia. These pollen grains have been mentioned
under the name Typha angustifolia. The tree pollen sum of each spectrum has been
given in the first subdiagram. In addition the zonation of Fireas (1949) has been
shown on the left side of the first subdiagram.
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CHAPTER VI
THE BOGS

In this chapter a description of the bogs will be given. Several
aspects will come up for discussion, viz. dates with regard to the
vegetation as it is now, the composition of the peat and the palynolog-
ical results. :

To explain the course of the curves in the pollen diagrams we placed
ourselves on an ecological and sociological standpoint. It is certainly
not possible to distinguish exactly vegetational units in the pollen
diagrams. The pollen grains found in the samples are derived from
several types of vegetation found in the vicinity of the sites where we
collected our material. Thus, what the pollen diagram shows us, is the
joint effect of the plant succession taking place in different types of
vegetation. At first sight an attempt to separate plant associations in
the pollen diagrams seems a dangerous enterprise. Still, such a separa-
tion is possible to some extent, if we include in our considerations the
results of the stratigraphic analysis, which gives us an impression of
the vegetation on the bog, and if we take into account the demands
which plants put on soil conditions. Of course, only the requirements
of plants of the present time are known, but it is unlikely that earlier
in the holocene period the reaction of plants to the environment
differed from the present one.

A second indication for the character of the vegetation of the bog
is sometimes found in the course of the curves obtained for the herbs.
It is a fortunate circumstance that we are now able to distinguish
several kinds of herbaceous pollen grains. The pollen grains of the
herbs are often a valuable supplement to the stratigraphic analysis.
In this manner it is often possible to exclude plants which certainly
formed no part of the vegetation of the bog. In the present chapter
we want to discuss first the succession in the vegetation of the bogs.
The course of the curves of the vegetation in the surrounding part
has been mentioned, without any explanation, only in relation to the
zonation of the pollen diagrams.

The zonation in the pollen diagrams, proposed by FirBas (1949)
for central Europe, has been applied, because it appeared to the best
one for South Limburg. For reasons explained later, we want to avoid
the zonation used by BLyTT (1876) and by SERNANDER (1910). Later
on we will discuss the other zonations which have been accepted in
north-western Europe.

In the present paper we placed the transitions between the zones,
where the following changes took place:

transition m/Iv: decrease in the number of the pollen grains of
herbaceous plants; final amelioration of the cli-
mate;

transition 1v/v: first rise of Corylus (FirBas, 1949);

transition v/vi, vii: intersection of the Pinus curve with that of Alnus;
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transition vo/vir:  According to JEssEN (1934, 1938), IVERsEN (1941),
and WATERBOLK (1954) this transition must be
placed where there is a fall in the curves of Ulmus
and Tilia, and where neolithic agriculture be-
ginns; this point is recognizable by the appearance
of cereals and of Plantago lanceolata; these points
correspond with an increase of Fagus;

transition vin/ix:  second increase of Fagus and decrease of Corylus
(PerscH, 1950; HumMEL, 1949); in the Danish
diagrams Jessen (1934, 1938) and Iversen (1941)
place the transition at the level where Fagus shows
its first increase; it is obvious that their transition
corresponds to that in the other parts of Western
Europe; it depends only upon the type of soil and
the migration of Fagus.

Abbreviations in the present paper:

L.F. : Leiffenderven Vo. : Voerendaal

N. : Nuth Co. : Cortenbach

BRO.: Brommelen Br. : Brunssum

Ri. : Rimburg (F) : Firbas

A. : Anselerbeek (O.8.) : Overbeck, Schneider
B.  : Benzenrade (J, I) : Jessen, Iversen

Ra. - : Ravensbos A.P. : Tree pollen

Gr. : Groenebeemden N.A.P.: Non-tree pollen
W. : Wolffsheid

Map 2 shows the position of the bogs in relation to the geological
nature of the soil at the surface.

Benzenrade (Diagram 12)
DESCRIPTION OF THE SITE
The bog of Benzenrade is situated in the spring area of the Geleen. The stream
arises south of Heerlen, and just between the cretaceous district and the loess
district. It receives water from two sources near Benzenrade. At the eastern source
a layer of about 50 cm peat has developed. The bog is small in extent.
PRESENT ASPECT OF THE VEGETATION

The vegetation that is now found in the vicinity of the source, is an Alnus bush
with Alnus glutinosa, Rubus spec., Caltha palustris, Ranunculus ficaria, Paris quadrifolia,
Stachys sylvatica, Filipendula ulmaria, Carex spec., Melandrium rubrum, Urtica divica.
Typical for the vegetation near a spring are Adoxa moschatellina and Primula elatior.
The present vegetation of the bog is probably either a Macrophorbieto-Ainetum or a
Pruneto-Fraxinetum. On the margin of the bog we find Corylus avellana. In the neigh-
bourhood of Benzenrade almost all the woods have been cleared.

STRATIGRAPHIC RESULTS

The organic material consists for the greater part of roots of Carex,
some leaves of Phragmites and fragments of Alnus glutinosa wood. The
peat is mixed with a high percentage of loam (average 70 9%,).
fruits:  1-20 cm: Crepes paludosa (1X), Carex flacca (1X);

20-40 cm: Crepis paludosa (1X).

In the lower part of the peat a fragment of an Eguisetum stem was

found.



22 C. R. JANSSEN

———————— LV
— =—+
— ESittardy ,Gangelt
: = { = = @ LEIFFENDER VEN
PP x A
Legenda t _5;%,,?» ~'
[ Alluvium T
P22 Pliocene
Miocene

[ Upper terrace
£ Middle terrace
B Vuursteeneluvium

E= Loss

-
= HULSBERG

==RAVENSPOS —
KLIMMEN &4

e

4y
$ Tres ++
tea
Schaal * *u

1.0 1 2 3 °4 5 6 7 8 9 10KM m;.f:s/.(gp

Map 2. Geological map of the superficial soil and distribution of the investigated
bogs (F. H. van Rummelen in JongMans, KruL and Vos, 1941).

PALYNOLOGICAL RESULS

The number of pollen grains found in the peat is small. Therefore
it was not possible to count many pollen grains. The bog started its
growth in zone xa. The lower part of the diagram (zone xa: 47.5-
41 cm) shows high percentages of Quercus. In zone xb: (41-0 cm)
Quercus decreases and Pinus increases, apparently on account of the
presence of plantation of pine. The behaviour of Pteridium (present
in the lower part of the diagram only) demonstrates that the rests of
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Quercus woods which surrounded the bog, were felled. In the upper
part of the diagram Fraxinus shows a peak.

The diagram shows clearly that the bog was surrounded by fields.
We find a high percentage of cereals and a large number of pollen
grains belonging to other herbs. We draw attention to the fact that
the curves of Rumex acetosella and Plantago lanceolata, both herbs growing
outside the bog, show a tendency to decrease.

In the vegetation of the bog itself a remarkable succession is visible:

47.5-41 cm: Pollen grains of Filipendula ulmaria and of Crepis paludosa
and spores of Equisetum are especially abundant; the
maximum of Equisetum coincides with the finding of a
stem of this plant;

1 .-20 cm: Filipendula disappears and Crepis paludosa increases
strongly, later on the Poaceae as well. This indicates
that the succession runs in the direction of the Sphagno-
Alnion.

20 — 0 cm: Decrease of Crepis and Egquisetum and a temporary in-
crease of Lythrum and Epilobium (probably Epilobium
kirsutum), indicating that the succession now turns into
an opposite direction viz. to the Macrophorbieto-Alnetum
or that the Alnus wood was cleared.

According to M6RrzER BRruins and WEesTHOFF (1951) and to VAN
Dk (1955) in case of a clearing of the Alnus wood its place is taken by
the Valerianeto-Filipenduletum, in which Crepis paludosa, Valeriana offi-
cinalis, Stachys palustris and Phragmites communis are abundant. Indeed
Alnus decreases from 41 cm upwards. At this level Pinus rises probably
on account of an intensified long distance transport.

The rise of Fraxinus may be due to the above mentioned succession
from the Alnton glutinosae to associations of the Alnion incanae, in which
Fraxinus is present.

Ravensbos (Diagram 16)

DESCRIPTION OF THE SITE

The small bog of Ravensbos is situated in the spring area of a brook north-west
of Valkenburg. As we saw in chapter 1I, we find along the northern slopes of the
Geul an impermeable layer of Ollgocene clay, the Cerithien clay (KrLEIN, 1914),
On account of the stagnation of water above this layer the conditions were favourable
to the development of peat. The spring area of the brook which arises in the Ravens-
bos was a sheet of water which gradually contracted, but in the centre of the area
open water is still present. The outer zone of this sheet of water has been filled up
completely with organic material. Here we find several brooklets running down
towards the open water.

PRESENT ASPECT OF THE VEGETATION

The vegetation along the margin of the area is an Alnus bush with Alnus glutinosa,
and Frangula alnus. Undergrowth: Chrysoplenium oppositifolium, Primula elatior (both
plants of springs), Fragaria vesca, Rubus spec., Cirsium palustre, Luzula campestris,
Ranunculus repens, Glechoma hederacea, Nasturtium officinale, Poa nemoralis, Galium
palustre, Crepis paludosa, Dryopteris thelypteris, Sium latifolium and several species of
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Carex. According to Maas (1959) we find in the spring area the Macrophirbieto-
Alnetum, the Gariceto remotae-Fraxinetum and the Prunets-Fraxinetum. The dominance
of Alnus, combined with the occurrence of Crepis, makes it probable that we are
dealing here with the Macrophorbieto-Alnetum cardaminetosum. The occurrence of
Frangula alnus and that of Dryspteris thelypteris indicate a tendency to develop in the
direction of the Alnion glutinosae. The bog is surrounded by woods in which Quercus
robur is the dominant tree. The woods moreover contain young trees of Fagus and
Acer, and in some places Pinus and Abies have been planted.

STRATIGRAPHIC RESULTS

The peat is composed of rests of Alnus and Carex. In the lower part
up to 60 cm depth we find mainly wood of Alnus, in the upper part
mainly roots of Carex. Between 4060 cm a seed of Luzula was found.

PALYNOLOGICAL RESULTS

The peat contains a small number of pollen grains. From 60-22.5
cm (zone xa) Quercus is the dominant tree, from 22.3-5 ¢cm (zone xb)
Pinus and Abies increase on account of the cultivation of these trees.
In zone xb Quercus decreases, and Fraxinus shows a slight increase. The
subdiagram, in which the herbs are shown, indicates that the bog was
surrounded by forest. Plantago lanceolata, Rumex acetosella and Centaurea
cyanus, typical indicators of agriculture, are present but do not reach
high precentages. The only curves which show high values, are those
of the Asteraceae (Crepis) and Brassicaceae, plants which are supposed
to belong to the vegetation of the bog itself.

Groenebeemden (Diagram 10)

DESCRIPTION OF THE SITE AND PRESENT ASPECT OF ITS VEGETATION

Near Groenebeemden, a hamlet situated on Belgian territory, west of Gem-
menich, arises a tributary of the Geul: the Waschbach. The small spring area of
the Waschbach supports an Alnus bush with an undergrowth of Filipendula ulmaria,
Equisetum, Ranunculus repens and Carex spec. The number of plants is too small to
allocate the vegetation of the bog to a definite association. Probably we are dealing
with the Macrophorbieto-Alnetum. The direct surroundings of the bog have combletely
been brought in cultivation, but half a km to the north an extensive forest area is
found on the acid soil of the flinteluvium.

STRATIGRAPHIGC RESULTS

The peat has a thickness of 80 cm and is an Alnus-Carex peat, with,
in a small amount, rests of Bryophyta.
Between 20-22.5 cm and 55-58 cm a layer of sand was deposited.
Seeds and fruits: 20 —40 cm: Carex acutiformis (1X);
40 60 cm: Senecio spec. (1X), Vicia tetrasperma
(Ix);
60 —72.5 cm: Carex panicea (1X);
72.5-80 cm: Polygonum amphibium (1 X ).

PALYNOLOGICAL RESULTS

On account of the considerable percentage of sand and clay that
is present in the peat, it was not possible to count a large number of
pollen grains. The peat appears to consist entirely of zone x. The lower
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part of the diagram starts with a decreasing Fagus and an increasing
Quercus percentage. Quercus reaches its maximum (45 %) at a depth
of 60 cm. The transition from zone xa to zone xb lies at a depth of
45 cm. In zone xb Pinus increases, Quercus decreases, and Abies and
Fraxinus make their appearance. Alnus must have been present in the
bog itself. This is clearly demonstrated at the beginning of zone xb.
The curve of Alnus reaches a maximum at the level where the decrease
of Quercus and the increase of Pinus are interrupted. That a large number
of herbs reach high percentages (especially Artemisia, Rumex acetosella,
Plantago lanceolata and the cereals), shows that the surroundings of the
bog have been brought in culture. To the flora of the bog itself we
must ascribe the maxima of Equisetum and of Dryopteris thelypteris in the
lower part of the diagram. These maxima go together with the presence
of Thalictrum, Valeriana, Menyanthes, Filipendula and Typha, indicating
that the environment must have been wetter than it is nowadays.
The decrease of Dryopteris thelypteris, the disappearance of Valeriana
and Thalictrum and the appearance of Fraxinus in the upper part of
the diagram is perhaps an expression of a succession from the Alnion
glutinosae to the Alno-Ulmion (Macrophorbieto-Alnetum).

Wolffsheid (Diagram 14)
DESCRIPTION OF THE SITE

The small bog of Wolffsheid is situated near the hamlet of this name, halfway
Moresnet-Aachen, north of the road between these two places, According to a
geological map of Wunstorr (1911), the bog is situated outside the loess district.
From the lower part to the upper part of the slopes we find successively Aachenien,
Hervien and “Flinteluvium”. Only in the north-western direction a small area
covered with loess is present.

PRESENT ASPECT OF THE VEGETATION

The spring area is probably a Macrophorbieto-Alnetum with an undergrowth of
Filipendula ulmaria, Rubus spec., Sorbus aucuparia, Equisetum spec., Carex spec., Sium
latifolium, Ranuwculus repens, Nasturtium officinale, and Epilobium parvifiorum. Along the
margin of the boz many specimens of Knautzia arvensis were present. With the excep-
tion of the valley along the border of which the bog is situated, the bog is surrounded
by woods in which Quercus robur is the leading tree. We find moreover in these woods
Pinus (cultivated) and Fagus.

STRATIGRAPHIC RESULTS

The peat consists for the greater part of Carex roots and of Alnus wood.

0-12 cm: brown peat. Seed of Solanum dulcamara (2X), fruit of
Carex panicea (1X);

12-20 cm: black humus mixed with sand;

20-34 cm: brown peat mixed with clay; a seed of Solanum dulcamara
(1x) and a fruit of Carex silvatica (1X);

34-40 cm: dark brown, rough peat;

40-60 cm: black rough peat; fruits: Rubus (1 X ), Carex acutiformis (1 X );
60-80 cm: peat black-grey, homogeneous;

80—~ cm: clay. : )
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PALYNOLOGICAL RESULTS

In the diagram Alnus shows the highest percentages. The diagram
comprises zone 1X and zone X. With the exception of the spectra found
at a depth of 40, 45, 50 and 55 cm, it was possible to count so many
tree pollen grains that Alnus could be excluded from the tree pollen
sum. If Ainus is left out of consideration, Fagus shows the highest
percentages in the lower part of the diagram. At a depth of 45 cm we
find the transition from zone 1x to zone X. At this level the curve of
the decreasing Fagus intersects the curve of the increasing Quercus.
Corylus, Calluna and the Asteraceae tubuliflorae are increasing as well.
Pteridium increases very fast and reaches a high peak. Meanwhile the
cereals too are increasing. As we shall see these phenomena indicate
that the wood was felled. At the same time the number of pollen
grains in the samples decreases strongly. At a depth of 40 cm the wood
was partly regenerated. The spectrum of 40 cm shows once more a
maximum of Fagus, together with a minimum of Corylus, Calluna,
Pteridium and the Asteraceae tubuliflorae. Above 40 cm the wood was
felled once more. Fagus continues to decrease, but remains still fairly
high in the upper part of the diagram. These relatively high percent-
ages of Fagus in the uppermost spectra are probably due to the fact
that Fagus has remained abundant in the surrounding woods. Accord-
ing to ScHWICKERATH (1933, 1944), we find the Fagetum calcareum in
the neighbourhood (Klauserwald).

At a depth of 30 cm we find the transition from zone Xa to zone xb.
Pinus increases strongly on account of the presence of pine plantations.
However, it should be noted that the increase of Pinus started much
earlier, viz. at the depth where the clearance of the woods began.
It is not necessary to assume that the increase of Pinus from the depth
of 60 cm upwards is due to cultivation of the pine. The mere clearance
of the forests may be responsible for the fact that Pinus is overrepresent-
ed, because this pollen may be transported over long distances.

Moorveld

Moorveld a small bog near Hulsen, east of the watermill and along the railroad
Maastricht-Sittard, contains a very small number of pollen grains. Therefore, it
was not possible to draw a pollen diagram. All the samples taken from the 25 cm
thick peat deposit show a high percentage of Pinus. The dominance of Pinus makes
it probable that the peat has developed in zone xb. Indeed, Pinus is a much planted
tree in the surroundings of the bog. The composition of the vegetation of the bog
comprises Alnus glutinosa, Quercus robur, Fraxinus excelsior, Geranium robertianum,
Filipendula ulmaria, Epilobium vulgaris, Brachypodium sylvaticum, Viola riviniana, Rubus
spec. and Carex spec. (Cariceto remotae-Fraxinetum or Pruneto-Fraxinetum: Maas, 1959).

Noorbeek

Along the small stream running to the river Voer we find south of Noorbeek
marshy places supporting Alnus bushes with an undergrowth of Primula elatior,
Caltha palustris, Phragmites communis, Galium aparine, Asperula odorata and Rubus spec.
According to Maas (1959) the Pruneto-Fraxinetum and the Macrophorbieto-Alnetum
are present here. On account of the dominance of Alnus the latter association is the
most probable one. From the 80 cm packet only the uppermost 20 ¢m is more or
less peaty. The peat contains a. very small number of pollen grains (especially of
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Pinus). Therefore, no pollen diagram has been drawn, The major portion of the
uppermost part consists of clay. Three fruits of Poaceae and one fruit of Ranunculus
repens were found.

Sijlerbeek

‘The spring area of the Sijlerbeek, a tributary of the Geul in the south-eastern
part of South Limburg, supports a fragment of an Alnus bush with Cardamine
bratensis, Primula elatior, Caltha palustris, Peucedanum palustre, Mentha aquatica and
Rubus, Carex and Funcus spp. The 30 cm thick sample is very clayy. It contains a
small number of pollen grains and a fruit of Carex panicea. Roots of Carex proved
to be abundant. No diagram has been drawn.

Klimmen

The bog of Klimmen is situated near the village of Klimmen at the northern
border of the loess district. Here we find the spring of the Retersbeek, a tributary
of the Geleen. The present day vegetation of the bog comprises Salix spec., Alnus
glutinosa, Caltha palustris, Primula elatior, Cardamine pratensis and several species of
Carex. The sample taken from the uppermost part of the packet of 50 cm did not
contain much pollen. Among the grains found in the samples Pinus is dominant.
On account of this small number of pollen grains no diagram has been drawn.
Only the uppermost part of the packet consists of peat. Fruits of Carex inflata and

Carex panicea have been found; furthermore leaves of Phragmites, roots of Carex and
a fragment of an Eguisetum stem.,

Hulsberg

DESCRIPTION OF THE SITE AND PRESENT ASPECT OF THE VEGETATION

North-east of Hulsberg we find the spring area of the “Hulsbergerbeek”, a
southern tributary of the Geleen. Only the bog supports a wood. The surroundings
have been cleared completely and brought under cultivation. The vegetation is a
very rich one. Along the margin of the bog we find especially Salix and Quercus
robur. The bog itself contains Alnus glutinosa, Ribes nigrum, Sambucus racemosa, Caltha
palustris, Primula elatior, Adoxa moschatellina, Ranunculus acer, Anemone nemorosa, Oxalis
acetosella, Phragmites communis, Filipendula ulmaria and several species of Carex. Accord-
ing to data given by Maas (1959), the presence of Sambucus racemosa points to the
Cariceto remotae-Fraxinetum. However on account of the nature of the soil it is more
probable that the vegetation of the bog belongs to the Macrophorbicto-Alnetum.

STRATIGRAPHIC RESULTS

The 60 cm thick sample contains Alnus wood and Carex roots. One
fruit of Ranunculus was found.

PALYNOLOGICAL RESULTS

Only the uppermost half of the packet contains enough pollen
grains to compose a pollen diagram, even though the tree pollen sum
is not high.

The diagram (not published) shows high percentages of Pinus and
Quercus, alternating with each other. The diagram comprises only
zone xb: Fagus low, Tilia and Ulmus low, and Pinus high. The fact that
the bog is a small forest island in the midst of fields, finds its expression
in the high percentages of the cereals and of other herbs. It is remark-
able that the cereals, Cyperaceae, and the other Poaceae show a strong
decrease in the upper part of the diagram. We do not know how to
explain this phenomenon.
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Leiffenderven (Diagram 3 and 4)

DESCRIPTION OF THE SITE

Leiffenderven, the only bog in South Limburg of a fairly large size, is situated
in the valley of the “Rode Beek”, and forms a natural frontier between the Nether-
lands and Germany. The valley of the “Rode Beek” has been filled up almost
completely with peat. Hence the for South Limburg unusual size of the bog. The
bog ows its development to the presence of Pliocene clay in the underground at
the bottom of the valley (FABER, 1942). The bog is not situated in the region with
a cover of loess, although the loess district is not far away. According to the geological
map of the Netherlands (TescH, 1946), it is found at a distance of about 2 km, near
the village of Schinveld. Both north and south of the valley of the “Rode Beek”
loess is lacking. South of the valley the soil consists of colluvial sediments deposited
by the stream and of sediments belonging to the Middle Terrace, the latter partly
disturbed and covered with a thin layer of colluvial sediments (map 3).
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Map 3. Geological map of the region round Leiffenderven. From Tesch, 1946:
geological map of the Netherlands 60/4.

According to the geological map of Esert, Kawser and Fucus (1937) we find
north of the valley (on German territory) from south to north successively colluvial
sediments deposited by the brooks, Lower Terrace (sand), Middle Terrace (sand),
and on the plateau sediments of the Upper Terrace (gravel).

PRESENT ASPECT OF THE VEGETATION

In the vicinity many woods have been cleared, especially north of the valley,
The woods in the north are mostly pine plantations. South of the valley more wood
have been preserved. Owing to the rather poor character of the soil these woods
belong to the Quercetum-Betuletum. In the undergrowth of the wood Pieridium aquilinum
is very abundant. However, plantations of Pinus and of other coniferous trees
occur here as well.

The soil of the bog has completely been taken into cultivation. On account of
bad drainage, the bog has the aspect of a wet meadow in which many weeds occur.
In an ungrazed part of the bog, we find apart from the Poaceae, (especially Holcus
lanatus), Filipendula ulmaria, Lotus uliginosus, Achillea ptarmica, Cirsium arvense, Funcus
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effusus, Polygonum lapathifolium, Plantago lanceolata, Medicago lupulina, and some
pioneers of a woody vegetation (Salix, Betula and Quercus robur). Several of the
above mentioned herbs indicate that the soil is rich in nutrients, probably on
account of dunging.

However, not long ago the vegetation of the bog must have had a quite different
character (see the discussion of zone vin of the Leiffenderven).

The packet discussed in the present paper is not the first one bored in the Leiffen-
derven area. In 1953 already two packets have been investigated. The results
however, were somewhat unfortunate. In the first packet (L.F.1), bored exactly
north of the farm “Leiffenderhof”, zone v, 1x and x were lacking. The second
packet (L.F.2) taken on the margin of the bog, between Leiffenderhofand Schinveld,
was even more incomplete as zone 1v, v, 1x and X were lacking. Therefore, a renewed
investigation has been started as a part of the present work. This third packet
(L.F.3) was bored half a ki west of the locality where the first packet was bored.
As the first two packets do not show more details than the third one, only the
analysis of the latter is published in the present paper. Map 3 shows the localities
mentioned above, whereas Fig. 1 gives an impression of the relations existing
between the stratigraphic zones in the three profiles.

STRATIGRAPHIC RESULTS

0- 5 cm: brown Sphagnum cuspidatum peat; fruits: Trichophorum
caespitosum (3X);

brown Eriophorum-Sphagnum cuspidatum-Scheuchzeria peat;
a small number of Carex roots; fruits and seeds: Brassi-
caceae (2X), Trichophorum caespitosum (3 );
Eriophorum-Sp. cusp.-Scheuchzeria-Carex peat; peat coarse;
Carex-Eriophorum peat;

Eriophorum-Sp. cusp.-Scheuchzeria peat; peat black, coarse;
Eriophorum-Sp. cusp. peat;

Eriophorum-Carex-Sp. cusp. peat; fruit of Carex panicea
(Ix);

Sp. 2usp.—Eriophomm-Scheuchzeria peat; seed: Eleocharis
palustris (1), fruits of Carex inflata (1x) and Carex
pallescens (2 X); peat black coarse;

5~ 20 cm:

20- 30 cm:
30- 40 cm:
40— 50 cm:
50— 60 cm:
60— 70 cm:

70— 80 cm:

80- 85 cm:
85-120 cm:

120-132 cm:
132-160 cm:
160-205 cm:

205-226 cm:
226-260 cm:
260-281 cm:
281-287 cm:
287296 cm:
296-300 cm:
cm:

300-

Sp. cusp.-Scheuchzeria-Eriophorum peat; peat coarse;
Alnus peat, brown-black with wood of Alnus and roots
of Carex; seed: Myosotis palustris (1x);

black Alnus peat without wood;

Carex-Eriophorum peat; peat black, coarse;
Phragmites-Eriophorum peat; highest concentration of
Phragmites and Eriophorum between 170-190 cm; Fern
sporangia between 170-180 cm and 185-195 ¢cm; between
198-205 cm some Scheuchzeria; seed: cf. Scirpus lacustris
(Ix); '
clay;

sandy Carex peat;

sandy gyttja; less sand than in the preceding zone;
sand;

very sandy Carex-Hypnaceae peat;

peat very sandy, less Carex;

gravel.
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PALYNOLOGICAL RESULTS

Lones 1, 1 and m1, which belong to the late glacial time, will be
discussed in chapter vi.

"ome v (197.5-159 cm)

Zone 1v is characterized by the dominance of Pinus, whereas Salix
is present in very low percentages (2 %). The curve of Betula is rather
irregular (percentages varying between 33 9%, and 4 9%,). We wish to
draw attention to the fact that the curve of the Poaceae reaches high
percentages. The occurrence of high percentages of the Poaceae agrees
with the character of the peat, which is a Phragmites- Eriophorum peat.
As is proved by the presence of leaves of Phragmites and Eriophorum
we suppose therefore that the pollen grains of the Poaceae are from
Phragmites. Moreover, fluctuations in the curve of the Poaceae and of
Betula alternate with those in the curve of Dryopteris thelypteris. At the
levels which show high percentages of Betula and of the Poaceae, the
curve of Dryopteris shows a minimum. This phenomenon expresses
perhaps a variation in the vegetation of the bog itself. Though no
fragments of Betula were found, it is quite well possible that Beiula
(Betula pubescens?, was represented in the vegetation of the bog itself.
We refer to Straka (1952), who found the same correlation. The
alternation between Dryopteris and the Poaceae is more or less rec-
ognizable in the peat stratigraphy too. Between 180-187.5 cm i.e.
in the zone where stems of Phragmites were very abundant, no fern
sporangia were found.

In the upper part of the zone the first thermophilous tree, Corylus,
makes its appearance, and somewhat later it is joined by Quercus
and Ulmus.

Lone v (159-138 cm)

At the beginning of zone v Corylus shows its first increase. At the
same level Betula decreases to zero, whereas the first pollen grains
of Alnus make their appearance. It is difficult to recognize the transi-
tion to zone vi. The diagram shows two intersections between the
curves of Alnus and Pinus. Between the intersections Corylus reaches
a maximum. The question of the transition from zone v to zone vi,
will be discussed in chapter vi. In the upper part of zone v Tilia
makes its appearance.

Lone vt and zone vii (138-85 cm)

In zone v1 and zone vt Alnus reaches a high maximum, and Pinus
decreases to zero. Of the Quercetum mixtum Quercus is here the most
important component. In the beginning of zone vi1 the percentages of
Ulmus and Tilia are equal. However at a depth of 120 cm, where
Alnus reaches its maximum, and Quercus begins to expand, Tilia is
more important than Ulmus. Fraxinus and Frangula are now present
in low percentages. It is noteworthy that in zone vu Fagus makes its
appearance and that Quercus subsequently decreases and that Betula
increases.
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The local vegetation still contains Dryopteris thelypteris. According
to VAN Dyx (1955) Dryopteris thelypteris is a differential species of an
association of the Irido-Alnion. One association, the Cariceto elongatae-
Alnetum (Alnetum glutinosae s.s., MEYER DREEs, 1936) which occurs on
a minerogenous soil, does not contain Dryopteris thelypteris. This associa-
tion is abundant in the eastern parts of the Netherlands. The second
association, the Thelypterideto-Alnetum in which Dryopteris thelypteris is
present, occurs on peaty soil. According to Bopeux (1955), the peat
in a real Alnus forest must have a thickness of at least 1 c¢cm. This
condition was fulfilled here. Therefore we have to regard the local
zegetation of Leiffenderven in zone vi and zone vt as a Thelypterideto-

Inetum.

Lone vir (85-62.5 cm)

At the beginning of zone vin the influence of man becomes strongly
marked. Plantago lanceolata, Chenopodiaceae, Rumex, Artemisia, Poaceae
and Ericaceae are expanding.

The vegetation of the bog changes conspicuously. Plants growing
on a soil showing a neutral or alkaline reaction decrease or disappear
(Dryopteris thelypteris and Alnus). Plants indicating a soil with an acid
reaction taking their place Ericaceae, Sphagnum, Mpyrica, Andromeda
and Betula).

VAN Dyk (1955) distinguishes in this succession three stages:

1. rise of Alnus and Mpyrica;

2. disappearance of Alnus; rise of Frangula alnus and of Betula pubescens
(Saliceto-Franguletum);

3. disappearance of Frangula alnus.

The second stage, the transition from Irido-Alnion to Sphagno-Alnion,
is recognizable in our diagram. Just before the disturbance we find
in the diagram the highest values of Frangula and the first rise of
Betula. ¥From here on the composition of the peat does not show any
important change. It appears from the stratigraphic analysis that the
local succession does not result in a raised bog. The main components
of the bog in this period and in the following ones are Sphagnum
cuspidatum, Scheuchzeria and Carices, a typical combination for the
Scheuchzerietalia palustris NorDH., 1936. The local vegetation will prob-
ably have been one of the associations of the Rhynchosporion albae
W. Kocn, 1926. According to OBERDORFER (1957) we find in the
Rhynchosporion especially several Carices, Eriophorum, Andromeda polifolia,
Vaccinium oxycoccus, Sphagnum cuspidatum, and Scheuchzeria i.e. exactly
the same species as occur in this peat according to the stratigraphic
analysis as well as to the pollen diagram. We are not dealing here
with the Sphagnion fusci BR. BL. 1920, because in the Sphagnion other
Sphagna occur (Sp. magellanicum, Sp. rubellum, Sp. papillosum and Sp.
molluscum). As Calluna does not occur in the Rhynchosporion, we must
assume that Calluna, which reaches high percentages in the diagram,
occurred in the area outside the bog. In the diagram we find an
indication for this assumption in the fact that Corylus (certainly not
part of the vegetation of the bog itself) and Calluna reach their maximum
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at the same depth. The rise of Calluna is probably due to human
interference with the vegetation (see page 72). The occurrence of
Calluna is quite well possible because the region round Leiffenderven
is not covered by loess but by sediments belonging to the terraces.

The supposition that the local vegetation had the character of the
Rhynchosporion, is supported by the observations of BEcker (1874) and
of ScuwickerATH (1930, 1933) made before the disturbance of the
bog by man. According to Becker extensive heath areas were present
in the surroundings of the bog, and this is in agreement with our
assumption that Calluna occurred there. Among the species growing
in the bog BEckER mentioned Myrica gale, Narthecium ossifragum,
Rhynchospora alba, Rhynchospora fusca and Andromeda polifolia. According
to ScHWICKERATH (1933) the vegetation of Leiffenderven was the
Caricetum limosae, which is one of the associations of the Rhynchosporion.
The species mentioned by DE Wever (1911, 1912, 1913, 1914, 1917,
1918) also point to the Rhynchosporion but moreover to associations of
the Caricion davallinae (Tofieldietalia) which indicate a more calcareous
habitat (Cladium mariscus, Carex pulicaria, Carex dioica, Gymnadenia conopea,
and Triglochin palustris). The Nanocyperion occurred probably in the
local vegetation as well. BECKER and SCHWICKERATH mentioned
Cyperus flavescens, Cyperus fuscus, Cicendia filiformis, Centunculus minimus,
Radiola linoides, Funcus tenagea and Moenchia erecta, a combination of
plants typical for the Cicendicetum filiformis.

Both Rhynchosporion and Cicendieetum filiformis are plant communities
occurring in depressions or in the lag of a raised bog. Usual it is a
transitional stage (“Zwischenmoor”, Scheuchzeria peat) in the succes-
sion between a “Flachmoor” and a ‘“‘Hochmoor’ (raised bog) which
usually lasts but a short time. At Leiffenderven the succession stagnated
at the stage of the “Zwischenmoor”, though invaders of the Sphagnion
were already present (SCHWICKERATH, 1933). This is due perhaps to
the small size of the bog and to the presence of the Rode Beek, which
supplies mineral nutrients. Indeed, about 80 years ago the number of
depressions was considerable (BECKER, 1874). The described succession,
which does not lead to a real raised bog is known from the Eiffel
(HummMeL, 1949: Diirre Maar) and from the Eggegebirge (TrAUT-
MANN, 1957). According to HUMMEL the succession to a raised bog
stagnates in case of a sufficient supply of soligenous water, as under
these circumstances the bog remains mesotrophic. According to
BucawaLp (1951a), the succession stagnates in the continental
climate, as a consequence of the decreased precipitation, at the level
of the Rhynchosporion.

It is difficult to say whether the change in the local vegetation at
the transition from zone viI to zone vir was influenced by man. It is
possible that man diverted the course of the Rode Beek with the result
that the supply of nutrients and of oxygen stagnated. By that a
succession in the direction of a raised bog would have set in. Another
possibility is, that the Rode Beek changed its course spontaneously.
Such a diversion is quite conceivable if we take into account the
dynamic character of the area round Leiffenderven. The changed
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situation might have resulted in a more favourable condition for
occupancy. However, without the intervention of man, a succession
to a raised bog may also have taken place. Usually, when the thickness
of the layer of incompletely decomposed material increases, the supply
of suitable nutrients and oxygen in the upper part decreases and the
succession of the vegetation will proceed in the direction of a raised
bog. According to BucuwaLD (1951a), the succession to a “Zwischen-
moor” is possible when the phreatic surface falls and when at the same
time supply of nutrients becomes insufficient. The structure of the
upper layer of peat is changed (the peat is pulverized) and the Ph
decreases. TRAUTMANN (1957) takes into account a natural drainage
of the bog by means of brooks which dig their bed deeper in the solil,
by which the phreatic surface falls. A decreasing precipitation may
have the same result. At Leiffenderven either a decreasing precipita-
tion or an insufficient supply of nutrients or both these factors may
be responsible for the change which the vegetation of the bog under-
went at the transition from zone vi to zone v :

At present the Rhynchosporion has disappeared completely in the
Leiffenderven area due to a, failed, attempt of exploitation (SLoFF,
1931) and of bringing it into cultivation. _

In the lower part of zone v the vegetation outside the bog must
have undergone most important changes. 7ilia disappears and for a
short time Pleridium is present and Corylus, the Poaceae and the
Ericaceae show a maximum. However, after this shock a new equilib-
rium is established. The percentages of the Poaceae and of Corylus are
much higher than they were previously. It is noteworthy that the
Fagus curve does not show any influence of the human occupation.
Since its first appearance in zone v Fagus continually increases, Later
on we will return to this question. Soon after the beginning of zone
vt Carpinus made its appearance for the first time. Zone v ends at a
depth of 62.5 cm where Corylus decreases and Fagus shows its second
increase.

It is difficult to distinguish the zones 1x and x established by OvEr~
BECK and ScHNEIDER (1938). If we want to divide our zone v, we
may assume that the short Corylus maximum at a depth of 82.5 cm
corresponds to the C4 of Overbeck and Schneider i.e. to zone 1x and

if we do this, the remaining part of zone vin must be regarded as
zone x (O.S.).

Lone 1x (62.5-20 cm)

In the vegetation of the bog itself we do not find any clear indication
of a change. Just as in zone vir Sphagnum and Eriophorum remain
important components of the vegetation, and the vegetation of the
bog therefore remains a community which must be regarded as
belonging to the Rhynchosporion. It is noteworthy that Sphagnum shows
a distinct minimum between 57.5-40 cm and that Betula reaches a
maximum at the same level. Betula obviously obtained a change of
expanding during the time at which Sphagnum was less abundant. This
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phenomenon might perhaps be regarded as indicating an alternation
between the Rhynchosporion and the Betulion pubescentis.

Apart from the presence of Alnus, zone 1x is characterized by the
dominance of Fagus. In the lower part of the zone the percentages of
the herbs are decreasing strongly. Pollen grains of the cereals too are
less abundant than in zone v These phenomena point to a regenera-
tion of the woods. However, we have to stress the fact that the com-
position of the woods is different now from what it was in zone vI
and zone viL. Alnus increases but does not reach such a high percentage
as in zone Vi and zone vi. Tilia has disappeared almost completely.
The curve of Ulmus is more regular but shows very low percentages.
The more important trees are now Fagus and Carpinus. Fagus shows
two maxima, one (F 1) at a depth of 60 cm and a second one (F 2)
at a depth of 30 cm. It is possible that the F 1 is opurious because the
minimum of Fagus at a depth of about 45 cm coincides with the already
mentioned maximum of Befula, a tree which belongs to the vegetation
of the bog itself. If we remove Betula from the tree pollen sum, the
Fagus minimum disappears and Fagus continues to increase up to the
maximum found at a depth of 30 cm. Carpinus reaches its highest
percentages at this level. .

Lone X (20-0 cm)

At a depth of 20 cm, man interferes for the second time. Plantago
lanceolata, Rumex and other indicators of agriculture return. Fagus and
Carpinus show a steep fall, Corylus reaches a maximum together with
the cereals and the Poaceae, and the Quercus curve rises. Again Alnus
decreases, but now temporarily. After the first activity of man the
Alnus curve rises, and soon reaches a higher summit than it does in
zone 1X. Some parts of the bog probably become more eutrophic on
account of the human activity. An indication for the more eutrophic
character of the bog is the occurrence of Nymphaea and Lemna in the
pollen diagram. Moreover Dryopteris thelypteris increases again. There-
fore, the higher percentages of Alnus, which prefer more eutrophic
conditions, may be explained by an expansion of this tree in the bog
itself. - - ‘

On account of the clearing of the original forests, Pinus increases.
However Pinus does not reach absolute dominance. When the upper
part of the diagram is present, the diagram shows, as a rule, a Pinus
dominancy. It looks therefore, as if the uppermost part of the peat
deposit is lacking.

Brommelen (Diagram 5)
'DESCRIPTION OF THE SITE

The bog of Brommelen is situated in the valley of the Geleen, north-west of
Weustenrade. The peat has been deposited in an arm cut off from the stream.
The top soil of the plateaus on both sides of the valley is loess and this loess covers
sands belonging to the Middle Terrace. The soil in the valley itself consists of colluvial
sediments. On account of the fertile character of the soil the woods in this region
have been cleared completely. The only site which has not been cleared, is the bog
itself. The area in which the peat has been deposited, is very small. The diameter.
of the bog does not exceed 250 m. .
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PRESENT ASPECT OF THE VEGETATION

At present the vegetation of the bog is a fragment of an Alnus bush with many
species of Carex and Funcus. At the margin of the bog where the soil is drier, we find
Arum maculatum, Primula elatior, Lamium maculatum. Populus is the only tall tree in
the region. It has been planted.

0- 20 cm:
20— 70 cm:
70— 80 cm:
80-120 cm:

120-140 cm:

140-161 cm:
161-170 cm:

170-205 cm:
205-220 cm:

220-240 cm:
240260 cm:

STRATIGRAPHIC RESULTS

brown black Alnus peat; seeds: Lycopus europaeus (4X);
black Alnus peat; between 40-60 cm one fruit of Alnus;
clay;

black Alnus peat with much wood of Alnus; fruit of
Carex echinata (1X); catkins of Alnus (2X);

black Alnus peat with much wood of Alnus; fruits of
Poaceae (2 ), Carex (1x); some sporangia of ferns;
idem, no seeds or fern sporangia;

Carex peat; clayy; many roots of Carex; less wood of
Alnus; fruits: Alnus (1), Carex (1X), Poaceae (2x);
Carex peat with a high clay content; wood of Alnus
present (190 cm); seed of Viola spec. (1 X);
Carex-Alnus peat; Alnus wood at 219 cm;

Alnus peat with some Bryophyta; Alnus wood at 225 cm;

Alnus peat with some roots of Carex; from 240-242.5 cm
and from 256-257.5 cm the peat contains a small
percentage of sand; ’
Alnus peat with very many rests of Alnus wood; at 270
cm a fragment of Quercus wood was found;

Alnus peat, strongly decayed;

clay.

260-280 cm:

280-302 cm:
302- cm:

PALYNOLOGICAL RESULTS

Kone v1 and zone vii (302.5-235 cm)

In zone vi and zone vit Tilia shows high percentages (average 40 9,);
Quercus is less important. According to FirBas (1949), it is possible
to distinguish these two periods. The older one (up to 275 cm) does
not contain pollen grains of Fagus (zone vi). In the younger part
(zone vir) Fagus is already present, though the Fagus curve is often
interrupted. The Corylus curve shows two maxima, one at a depth of
290 cm and a second one at a depth of 265 cm. The maxima in this
curve coincide with minima in the Tilia curve. It is difficult to say
whether the Corylus maxima correspond with the C2 and C3 established
by OverBEck and ScHNEIDER (1938). Noteworthy is the presence of
a small number of pollen grains of Viscum. At the end of the period
the first signs of human activity are recognizable by an increase of
the percentages of the herbs.

The curve of the cereals starts at a depth of 245 cm. All the pollen
grains of the cereals belong to the Triticum type. At the same depth
the Poaceae, Rumex, Asteraceae liguliflorac and Chenopodiaceae
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increase or make their appearance. Tilia decreases strongly after its
last maximum, and Quercus increases. Corylus sinks to very low percent-
ages.

Lone v (235-164,165 cm)

Zone vl represents a time in which the influence of man on the
vegetation must have been very marked. The period starts at the
level where the Quercus curve intersects the Tilia curve. From this
level on the herbs that have already been mentioned, and Pteridium
are increasing strongly. Moreover the percentages of Plantago lanceolata
and of Artemisia, herbs that were already present in zone vm, are
increasing. From the beginning of zone vi Pinus expands. The pollen
of this tree soon reaches a higher percentage than that of any other
tree. The rise of the Cyperaceae is connected with the stratigraphic
change from Alnus peat to Carex peat.

The majority of the samples taken from the peat deposit in zone vin
contain but a small number of pollen grains, probably because of the
increasing content of inorganic material. Between 205-170 cm we
find a layer of clay and displaced loess containing such a small number
of pollen grains that it was impossible to draw a diagram.

From the beginning of zone vir up to a depth of 215 cm the Fagus
curve do not show any influence of the human activity. Between
230-215 cm Fagus increases slowly. However, after a maximum at a
depth of 215 cm we find a fall. This fall of Fagus is a temporary one.
The first spectrum following the layer of displaced loess (170 cm) shows
a percentage of Fagus (12 %) not reached in any of the previous

eriods.
P - With the exception of the spectra obtained at a depth of 170 cm
and of 165 cm Corylus shows very low percentages. It is not possible
to divide zone v

Lone 1x (164,165-80 cm)

The beginning of zone 1x is characterized by a fall in the curves of
Pinus, Corylus and Quercus and a rise in the curves of Fagus and Alnus.
Fagus shows two maxima, one at a depth of 164 cm (F1), where
Carpinus is absent and a second one at a depth of 117.5 cm, where
Carpinus is already present. In contrast to Leiffenderven we find in the
lower part of the zone that the percentages of the herbs are still high,
indicating the influence of man. However, the curves of the herbs
show already a tendency to decrease. It is obvious that human influence
decreased, and that the woods were partly regenerated. Human in-
fluence ends at a depth of 130 cm. Fagus expands, the pollen of
Plantago, the Brassicaceae and Rumex disappear, and that of the
Poaceae reach very low percentages. The curve of the Filicales which
showed a continuous rise since the beginning of zone v, decreases
strongly at the beginning of the Fagus time. At a depth of 80 cm we
find the transition to zone x.
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Kone x (800 cm)

Zone x is characterized by a renewed rise in the curves of the
cereals (Secale), Plantago lanceolata, Poaceae, Chenopodiaceae, Aster-
aceae, Brassicaceae and Rumex. Moreover, Centaurea cyanus makes its
appearance. Fagus decreases and is replaced by Quercus. The Pinus
curve shows a slight rise. The Cyperaceae and the Filicales are
expanding.

The upper part of the diagram (from 50 c¢m) shows a rise of Pinus
on account of the planting of pine woods (zone xb). Alnus, which
shows a high percentage in zone xa, decreases in the upper part of
the diagram.

Ulmus and Tilia are present in low percentages but the curves of
these trees are often interrupted.

Fraxinus was present already in zone vi and zone v but the curve
of this tree shows nowhere percentages of some importance. The
diagram shows over all the periods a negligible percentage of Ericaceae
and of Sphagnum.

Nuth (Diagram 7)
DESCRIPTION OF THE SITE

The small bog of Nuth is situated in the valley of the Geleen, at the mouth of
the Platsbeek, near the village of Nuth. The particularities with regard to the soil
mentioned for Brommelen, which is situated not far from Nuth, apply also to the
surroundings of the bog of Nuth.

PRESENT ASPECT OF THE VEGETATION

At present the vegetation is an Alnus bush. Shrubs and herbs under the trees
are Rosa canina, Rubus spec., Sorbus aucuparia, Corylus avellana, Anemone nemorosa, Primula
elatior, Lamium maculatum, Melandrium rubrum, Cardamine amara, Stachys silvatica, Adoxa
moschatellina and several species of Carex and Poaceae.

According to dates given by Maas (1959), we are probably dealing here with
the Pruneto-Fraxinetum.

STRATIGRAPHIC RESULTS

The deposit is over its whole depth an Alnus peat. It contains many
rests of wood, mainly of Alnus. At two levels the peat is interrupted,
viz. 72.5-82.5 cm: peat mixed with sand and 240-262.5 cm: clay.

Among the other rests we mention:
large fragm. of Alnus wood at: 90, 110, 127, 142, 190 and between 265—

272.5 cm;
wood of Viburnum at: 160 cm;
fruits of Alnus at: 0-20 cm (1x), 40-60 cm (13 x), 82.5~

100 cm (2%}, 100-120 cm (4x), 120~
: A 140 cm (6 ), 200-220 cm (1X).
fruits of Poaceae at: 120-140 cm (2X);

catkins of Alnus at: 4060 cm (2x), 120-140 cm (1 x).
Leaves of Bryophyta have been found only between 180-220 cm.

PALYNOLOGICAL RESULTS

The diagram of the bog clearly shows that in the vegetation of the
bog Alnus was dominant. Amont the trees Alnus reaches in the diagram
an average percentage of 80 %,. The diagram in which A/nus was not



LATEGLACIAL AND POSTGLACIAL VEGETATION OF SOUTH LIMBURG 39

included, was composed in an other way than it usually is. Usually
the tree pollen-grains including Alnus were counted to a number of 500.
However, on account of the high percentages of Alnus, the number
of the remaining tree pollen-grains is too small to calculate significant
percentages. Therefore, we counted tree pollen-grains, excluding
Alnus, till a tree-pollen sum of 150 was reached. The percentages of
the herbs were calculated in the usual way.

The disturbing influence which Alnus exercises on the curves of the
other trees, has been discussed already in an earlier paper (JANSSEN,
1959). Anthers of Alnus have often been found (at 15, 45, 55, 60,
105, 135, 140, 145, and 275 cm). Besides Alnus, an important compo-
nent of the vegetation of the bog itself is Dryopteris thelypteris whose
presence indicates that the vegetation of the bog itself was an associa-
tion of the Alnion glutinosae (Thelypterideto-Alnetum). A sporangium of
this fern has been found at a depth of 65 cm. The diagram shows
that Alnus and Dryopteris are alternating. At the depth where the
Alnus curve shows a minimum, Dryopteris expands.

‘The greater part of the diagram comprises the time during which
Fagus was the dominant tree in the surroundings of the bog. On the
second place we find Carpinus. The Carpinus curve often intersects
that of Fagus.

The diagram starts in the lower part of zone 1x, showing high
percentages of Quercus and Corylus. Fagus and Carpinus are present,
but do not reach high percentages. At a depth of 225 cm the Fagus
curve intersects the Quercus curve, and Corylus decreases. From this
spectrum onwards to a depth of 22.5 cm Fagus and Carpinus remain
the main components of the woods. The percentages of the herbs are
very low during the Fagus time. In the lower part of zone 1x cereals
are present, but the curve is often interrupted. However, in the upper
part of the zone they are always present, though man did not influence
the composition of the vegetation. From a depth of 90 cm the N.A.P,
increases slightly, however without a marked effect upon the curves
of the trees. From a depth of 40 cm we find a second increase in the
percentages of the herbs, especially of the Asteraceae and of Filipendula.
At this level Fagus decreases, but it remains together with Carpinus
the dominant tree in the forests. We find the transition from zone x
to zone X at a depth of 22.5 cm. From this level on the influence of
man upon the vegetation becomes very marked. The percentages of
the cereals, Poaceae and Plantago lanceolata are increasing. Centaurea
cyanus is present now too. The percentage of Fagus and Carpinus
decrease, those of Quercus, Corylus and Fraxinus increase. In the upper-
most spectra Quercus and Corylus decrease, Pinus expands, and Fraxinus
reaches the highest percentage among the trees. The rise of Fraxinus
and the decrease of Dryopteris thelypteris probably reflects a succession
from the Thelypterideto-Alnetum to the Pruneto-Fraxinetum.

The number of pollen grains of the Ericaceae found in the samples
is small. Sphagnum is not present in the diagram. The percentages of
Tilia and Ulmus are small. The curves of these trees are often inter-
rupted. ’
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Anselerbeek (Diagram 2)
DESCRIPTION OF THE SITE

The bog of Anselerbeek is situated in the valley of the Anselerbeek, north of the
country seat ‘“Oud-Ehrenstein”. Along the slope (east side) of the valley Septarian
clay, a sediment belonging to the middle Oliogocene, is present. On account of
the presence of this impermeable layer we find several springs along the eastern
slope of the valley. The bog of Anselerbeek lies in one of these spring areas. The
top soil on the plateaus at both sides of the valley consists of loess which covers
sand belonging to the Upper Terrace. The loess is completely under cultivation.

PRESENT ASPECT OF THE VEGETATION

‘The eastern slopes of the valley are the only localities where woods are present,
They consist for the greater part of deciduous trees, though conifers have been
planted locally. The vegetation of the bog is a Macrophorbieto- Alnetum with Filipendula
ulmaria, Urtica dioica, Primula elatior, Ranunculus repens, Rubus spec. and several species
of the Poaceae.

STRATIGRAPHIC RESULTS

0- 20 cm: peat black; much wood of Alnus and many roots of Carex;
a few leaves of Sphagnum papillosum and of Eriophorum;
seeds and fruits: Ranunculus repens (1 X), Stachys silvatica
(1), Carex spec. (2X), Alnus (1X);

20— 30 cm: peat black-brown; many roots of Carex; some gravel;

30— 40 cm: clay;

40- 60 cm: peat grey-brown, composed of wood of Alnus and roots
of Carex; seeds and fruits: Alnus glutinosa (2X), Rubus
spec. (1 X), Lycopus europaeus (2 X ), Trifolium pratense (1 X);

60— 80 cm: peat grey-brown; wood of Alnus and roots of Carex; a few
leaf sheaths of Phragmites;

80— 90 cm: idem; seed: Lycopus europaeus (1X);

90-100 cm: idem; a fragment of an Equisetum stem and some leaves
of Bryophyta.

PALYNOLOGICAL RESULTS

When Alnus is left out of consideration, Fagus reaches in the lower
part of the diagram the highest percentages. We have to stress the fact
that indicators of human activity are present already in fairly high
percentages. The curve of the cereals reaches a percentage of 10 %,
whereas Plantago lanceolata is present, though its curve is interrupted.
Pollen grains of Rumex and Centaurea cyanus and spores of Pteridium are
often present in the samples as well.

From a depth of 80 cm the curves of Fagus and Tilia decrease and
the Quercus curve increase slightly. Pinus moreover expands. Pinus
reaches maximum percentages at depths of 65 and 75 cm. Meanwhile
the content of clay in the peat increases. At a depth of 60 cm Pinus
sinks to a low percentage, whereas Quercus increases now from 25 %,
to 56 %,. It was not possible to bridge the great variations in percent-
ages between 60 and 65 cm. A sample taken at a depth of 62.5 cm
contained a very small number of pollen grains, probably on account
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of the high content of clay at this level. The important jump in the
curves of Quercus and Pinus seems to indicate that between 60 and 65
cm either peat has been removed or that the development of peat
stagnated. However, the other curves do not support this supposition.

Between 60 and 25 cm Quercus is the most important tree. Between
40 and 30 cm the peat is interrupted by a layer of clay which does
not contain pollen grains. However, on both sides of the clay layer,
the percentages of Quercus are high, whereas the course of the curves
of the other trees makes it probably that not much peat has been lost.
The Fagus curve, which decreases at first, reaches a new maximum at
a depth of 30 cm. However, now the Fagus curve does not intersect
the Quercus curve. The period after the Fagus dominance is usually
characterized by an increasing human activity. The present diagram
does not show this phenomenon very clearly. The only indication for
an increasing activity of man is the course of the curves of Plantago
lanceolata and Pteridium. As we saw already in the Fagus time, Plantago
lanceolata is present but its curve is interrupted. In the Quercus time
the curve of Plantago lanceolata is continuous, and its pollen reaches a
higher percentage. The curve of Pteridium shows a peak at the beginning
of the Quercus time.

On the other hand the curve of the cereals seems to indicate a
decreasing activity of man, even if we calculate the percentages of the
cereals on the base of a tree-pollen sum without Alnus.

There are two possibilities to explain these phenomena. In the first
place it is possible that man influenced the vegetation already in
zone 1X. In that case no marked difference between zone 1x and zone x
would have been present. A second explanation is that the Fagus
time in the present diagram does not represent zone I1x, but that it
represents a part of zone X. Such a development is quite possible.
The bog of Anselerbeek is situated in the neighbourhood of the castle
“Oud-Ehrenstein”, and therefore it is possible that the Fagus woods
have been maintained here much longer than elsewhere. In the
present time Fagus is still fairly abundant in the area round the castle.

The upper part of the diagram belongs to zone xb, the time of the
pine plantations. In this zone Fraxinus reaches a somewhat higher
percentage. Tilia disappears almost completely and Quercus decreases
strongly.

In none of the periods Ulmus is of much importance. The same holds
for Sphagnum and the Ericaceae. However, in the Fagus time the
Ericaceae reach a higher percentage.

Rimburg (Diagram 6)
DESCRIPTION OF THE SITE AND PRESENT ASPECT OF THE VEGETATION

The bog of Rimburg is situated in an old bed of the river Worm on the Nether-
lands German frontier, south of the village of Rimburg. At present the bog has
been brought into cultivation, i.e. it has been converted into a pasture. With the
exception of some rests of woods on the upper parts of the surrounding slopes, the
region round the bog has been cleared almost completely. The Upper Terrace on
Dutch- and as well on German territory is covered with a layer of loess. (TEscHh,
1946; Esrer, Kaiser and Fucas, 1937).
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STRATIGRAPHIC RESULTS

0 - 20 cm: black Bryophyta peat with some limonite; many
roots are present, but not many roots of Carex; some
fragments of the stem of Egquisetum; fruit: Glyceria
maxima (1X);

20 — 40 cm: black Alnus peat; some leaves of Sphagnum papillosum;
between 37.5—40 cm some fernsporangia;

40 - 60 cm: black Alnus peat; in the lower part mixed with roots
of Carex; much wood of Alnus; seeds: Lychnis flos-
cucult (1X); ‘

60 — 70 cm: Carex peat; wood not abundant; many roots of
Carex; at 70 cm a fragment of Alnus wood;

70 — 82.5 cm: Carex peat, the lower part more and more loamy;
fruits of Carex panicea (6X); many chaffs of Carex;

82.5-100 cm: Carex-Alnus peat with some leaves of Bryophyta and
a stem of Equisetum; fruits: Carex panicea (2X);

100 -140 cm: black Ainus peat, strongly decomposed;
140 cm: clay. '

PALYNOLOGICAL RESULTS

KLone v (140-97.5 cm)

The peat formation starts in zone vir. In the local vegetation Alnus
is dominant. Pinus and Corylus are decreasing. The curve of the
Quercetum mixtum increases on account of a rise of the Tilia curve up
to 56 %, (2 A.P. without Alnus); Betula and Salix show very low
percentages. The continuous Fagus curve starts at a depth of 110 cm.

Lone vmx (97.5-62.5 cm)

At the beginning of zone vint the Tilia curve suddenly falls, the curve
of Quercus and Pinus rise and Fagus shows its first increase. At the same
level we note a very pronounced rise in the curve of the herbs, among
which several indicators of civilisation are found, viz. Plantago, Rumex,
Artemisia, etc. At a depth of 92.5 cm the curve of the cereals starts.

The rise in the curve of the Cyperaceae is due to a change in the
local vegetation which finds its expression in the change from Alnus
peat to Carex peat. At the beginning of the zone we also note a rise
of Equisetum which belongs apparently to the vegetation of the bog
itself.

From 82.5-77.5 cm we find a layer of loam, which contains a very
small number of pollen grains. Just above the loam layer both the
peat composition and the pollen diagram show another aspect. The
Alnus curve decreases from 50 %, to 20 %,, whereas Corylus rises from
12 9% to 28 %, (tree-pollen sum without Alnus). Pinus reaches its
highest values, Tilia disappears almost completely and the Betula curve
begins to rise. The fall of Alnus agrees well with the change from
Alnus-Carex peat to a pure Carex peat. The percentages found for the
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herbs remain high. At the top of the zone the curve of the Filicales
rises. Rests of ferns, however, were not found.

Carpinus is present in zone v, but shows very low percentages. Its
curve is not continuous.

Rather unexpected is the occurrence of pollen grains of Helianthemum,
and Hippophae and that of a single spore of Selaginella selaginoides, as
they are usually abundant in diagrams of the late-glacial. It may be
that these pollen grains are not autochthonous, but that they were
transported to the present site from late-glacial sediments. In this way
it is also possible to explain the high percentages of Pinus. If we adopt
such an explanation, at least a part of the pollen grains of Artemisia,
the Chenopodiaceae, etc. may also be of foreign origin. On the other
hand, the high percentages of Pinus may be the effect of a clearing of
the forests. As we will see in chapter vm, this explanation is more
plausible. Moreover it should be borne in mind that Helianthemum is
to day an indigenous component of the vegetation of South Limburg,
and that Hippophae although no longer present in this region occurs
on calcareous soils in the dune- and wadden district. It therefore
does not seem unreasonable to suppose that Helianthemum and Hippophae
were part of the vegetation in zone vin (compare page 72, 73). The
occurrence of Selaginella in the diagram, however, remains inexplicable.

Lone 1x (62.5—37.5 cm)

Zome 1x is characterized by a local dominance of Alnus. Between

61 and 47.5 cm the percentages of Alnus are very high and depress
the other curves strongly. The diagram including Alnus in the tree-
pollen sum therefore does not show whether the fall of Fagus after its
first maximum is spurious or real. The diagram obtained by excluding
Alnus from the tree-pollen sum shows that the Fagus curve really
has two maxima (F1, F2).
- At the depths where Fagus reaches its lowest percentages Quercus
intersects the Fagus curve, and Corylus shows a slight peak. The Pinus
curve which decreased already in zone v, gradually falls to low
percentages. The number of Carpinus pollen grains is very small. Only
at the level of F 2 the somewhat higher value of 7 %, has been found.
Betula decreases gradually. The interrupted curves of Tilia and
Ulmus remain low. The curves of the herbs, indicators of civilisation
and of Cyperaceae sink to low percentages. Only between F1 and F 2
the curves of the Cyperaceae and the Poaceae are slightly rising.

Compared with zone vt Equisetum has in the vegetation of the bog
itself been replaced by the Filicales. The occurrence of fern sporangia

in the peat (37.5-40 cm) coincides with the high value of 367 9,
found for the spores.

Lone x (37.5-0 cm)

Alnus is once more the dominant tree in the vegetation of the bog.
In the lower part of the zone (xa) Fagus shows a steep fall, whereas
the Quercus curve rises. At first the curves of Corylus and Betula are both
rising, but at the level where Befula reaches its maximum Corylus
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begins to decrease. Finally Betula falls, whereas Corylus reaches a
new maximum of 31 9.

The herbs do not show any change compared with the precedmg
zone.

Between 22.5-20 cm the diagram shows a gap both stratigraphically
and pollenanalytically. At this level Pinus suddenly rises on account
of the decreasing percentages of Quercus. At a depth of 15 cm Fagus
decreases for the second time. The other tree curves remain more
or less constant.

During the Pinus time (zone xb), herbs as Cyperaceae, Poaceae,
Artemisia, Chenopodiaceae, Rumex and Asteraceae are more important
than they were previously. We noted the occurrence of pollen grains
of Polygonum persicaria and Centaurea cyanus. In zone xb the Alnus peat
has changed into a Carex-Bryophyta peat.

Cortenbach and Voerendaal
DESCRIPTION OF THE SITE

Near the village of Voerendaal, west of Heerlen, we find in the valley of the
river Geleen an alluvial area which'is unusually large for South Limburg. According
to KLeiN (1914), in post-glacial times a lake must have been present here, which
extended in a north-western direction. Klein suggests that the outlet of the lake was
found near Nuth, where the valley of the Geleen narrows. In the course of the time
the lake silted up and peat was formated. Klein mentioned already that near the
castle of Haaren as well as near the castle of Cortenbach, the upper part of the
sediment is peat, whereas its lower part is clay mixed with lime. In the clay Klein
found Helix_hispida and Succinea fagotiana.

We mentioned already in our introduction that a pollen diagram made from
peat in this region (VAN Eck, unpublished) shows a high percentage of Tilia.

In order to obtain more information with regard to the development of the
vegetation, four borings were carried out in the region near Voerendaal. Voerendaal
1 and 2 have been taken within a distance of 10 m from each other in a meadow
east of the castle of Haaren. Cortenbach 1 and 2 have been taken from localities
north of the castle of Cortenbach where we find an abrupt fall in the soil surface.

PRESENT ASPECT OF THE VEGETATION

The recent vegetation of Cortenbach comprises Alnus glutinosa, Salix spec., Carex
spec., Cirsium palustre, Sonchus oleraceus, Filipendula ulmaria, and plantations of Populus,

Cortenbach 1 has been taken above the fall, Cortenbach 2 on the margin of a.
meadow at the south side of the fall. In all four samples the underground of the
lime and %eat sediments is Cerithian clay of Oligocene age (JoneMans, KruL and
Vos, 1941).

STRATIGRAPHIC RESULTS

In agreement with Klein the upper part of the four samples was
found to be peat, the lower part clay with a high content of lime. The
peat stratigraphy has been investigated only at Cortenbach 2 and
Voerendaal 1. Voerendaal 2 has much resemblance with Voerendaal
1, whereas Cortenbach 1 has been disturbed too much.

Voerendaal 1
0 — 50 cm: clay;
50 — 80 cm: Alnus peat; seed: Stachys palustris (1X);
80 — 97.5 cm: gyttja with a small percentage of lime, wood of Alnus
and clay; between 86-89 cm a layer of lime;
97.5-120 cm: clay and lime; two fern sporangia.
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Cortenbach 2

0 - 82.5 cm: clay;

82.5— 87.5 cm: Alnus peat; seeds and fruits: Scirpus (1 X), Carex spec.
(1x), Thalictrum flavum (1 X); wood of Alnus;

87.5-120 cm: Alnus peat with some lime; wood of Alnus and of
Salix; fruit of Eleocharis palustris (1x), seed of
Lysimachia nummularia (1X);

120 —-180 cm: alternating layers of lime and Carex peat;

180 —-195 cm: Carex-Phragmites peat; lime present; fruit: Scirpus
1x);

195 -208 cm: g’hmzmites-Carex; less lime than in the preceding zone;

208 -220 cm: lime with some Carex roots;

220 -232 cm: lime with some bands of Phragmites peat;

232 -260 cm: Phragmites peat with lime;

260 —280 cm: Phragmites peat; lime absent;

280 295 cm: Carex-Bryophyta peat, strongly decomposed; lime
present;

295 -300 cm: clay and lime.

PALYNOLOGICAL RESULTS
Voerendaal 1 (Diagram 9)

Lone v (120-97.5 cm)

The lower part of the diagram shows a dominance of Pinus. Corylus,
Quercus and Ulmus are present but in low percentages. In the flora
that must have belonged to the bog itself the Filicales reach high per-
centages.

Lone v (97.5-57.5 cm)

At a depth of 97.5 cm, together with the change from lime to gyttja,
Alnus rises very suddenly from 2.5 to 45 %, and Pinus falls from 80
to 25 %. Somewhat higher in the diagram Fagus is present already.
These phenomena seem to indicate that zone vr is lacking in the
diagram.

- Up to a depth of 82.5 cm the curves run fairly parallel. Alnus
shows a value of about 45 %,, Pinus 25 %, and Corylus about 20 %,.
Compared with Quercus, Tilia forms an important part of the Quercetum
mixtum. Ulmus, which reaches its maximum at 97.5 cm, decreases
gradually.

The herbs show maximum values up to a depth of 72.5 cm. We have
to draw attention to the presence of pollen grains of Lemna and Typha
(Sparganium). Together with the character of the peat (gyttja), these
pollen grains indicate that the area must have been a lake. This may
perhaps be the explanation for the high percentages of Pinus. Usually
Pinus manifests itself strongly in a woodless region (Aario, 1940).
In agreement with the stratigraphical analysis of the peat composition,
between 82.5-57.5 cm (Alnus peat), the Alnus curve rises strongly to
a percentage of 90 %, whereas the other tree curves approach zero.
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Quercus is now the main constituent of the Quercetum mixtum. Tilia and
Ulmus disappeared. The curves of the herbs reach low percentages
at this time.

Lone v (57.5-50 cm)

Zone vi is characterized by features indicating the influence of
man. The curve of the cereals (not Secale) starts. The percentages of
Quercus and Pinus are rising, Alnus decreases again. The curves of the
herbs show increasing percentages. Fagus shows its first increase. The
peat is covered by a layer of loam and clay which does not contain
pollen grains,

Voerendaal 2 (Diagram 11)

The diagram of Voerendaal 2 shows much resemblance to that of
Voerendaal 1. It starts in zone 1v: Corylus is present in low percentages,
but Quercus and Ulmus not yet.

Zone v shows a Corylus maximum. Ulmus is the main constituent of
the Quercetum mixtum.

Zone vi (82.5-55 cm): lower part gyttja with Alnus and Pinus both
40-50 %, and many pollen grains of herbs. Corylus, however, is less
important than it is at Voerendaal 1. The upper part of zone vi
shows an increase of Alnus and a fall of Pinus and of the herbs. The
uppermost spectrum (50 cm) represents the beginning of zone vim.

Cortenbach 1

The results of Cortenbach 1 are the same as those of Voerendaal 2.
The diagram starts in zone 1v where Corylus has not yet made its
appearance. A little above the level where Corylus comes in, the
deposit is highly disturbed. In the disturbed zone the curves show
very irregular fluctuations.

The upper four spectra give a more normal picture. They belong
to zone X. As the diagram does not show any new aspect, it has not
been published. :

Cortenbach 2 (Diagram 8)
Kone v (300-209 cm)

In the lower part of the zone Betula decreases and the Pinus curve
rises. In the whole zone Pinus remains very high. At a depth of 235 cm
the Corylus curve becomes continuous. The percentages of the herbs
are low.

Lone v (209-120 cm)

Zone v starts at a depth where the Corylus curve rises, and Quercus
and Ulmus make their appearance. Corylus reaches its highest values
(65 9%,) at the base of the zone. During the Corylus maximum we find.
in agreement with the composition ot the vegetation of the bog itself
(Carex-Phragmites peat) a higher percentage for the Poaceae and for
the Cyperaceae. In the lower part of the zone Quercus and Ulmus
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keep each other in balance, but Ulmus soon becomes the main compo-
nent of the Quercetum mixtum. After the Corylus peak this tree decreases,
and remains up to the end of the zone at a percentage of about 30 %,.
Besides Phragmites and Carex during zone 1v and zone v Filicales
and Fguisetum were present as well in the vegetation of the bog.
(Equisetum sporangia at 270 cm and 300 cm, sporangia of the Filicales
at 160, 208, and 280 cm). The occurrence of these sporangia coincides
with high percentages of Eguisetum and Filicales in the diagram.

Lone v (120-82.5 cm)

Though the rise of Alnus is here more regular than it is at Voeren-
daal, we suppose that here too zone vI is absent. Fagus is present
already in low percentages from the base of the zone. Here too it is
possible to divide the zone in a lower part in which Pinus and Corylus
show high percentages, and an upper part, where Alnus becomes
dominant. Although there is no difference in the palynological results
we know from the stratigraphic analysis, that the gyttja zone which
was present at Voerendaal, is lacking here. Furthermore an important
decrease in the curves of the herbs is lacking too during the Alnus
dominance. Only the curves of the Brassicaceae and of the Asteraceae,
which show a rise in the lower part of the zone, show a slight decline
at the time of the Al/nus dominance.

In agreement with the results obtained at Voerendaal is the fact
that Typha (or Sparganium) reaches its highest percentages in the lower
part of the zone. In the upper part of the zone Ulmus decreases and
its curve intersects the Quercus curve.

We mentioned already that the gyttja zone of Voerendaal is not
present at Cortenbach. The explanation is probably that Cortenbach
is situated at the margin of the former lake, whereas Voerendaal is
situated in the centre of the latter. From the low Alnus percentages in
the lower part of the zone it appears that A/nus was not abundant.
Moreover, the presence of herbs indicates that the vegetation was an
open one. Probably the pollen grains of Alnus arose from a narrow
Alnus zone (Alnion incanae) along the margin of the lake.

The fact that at Cortenbach the curves of the herbs scarcely decrease
in the upper part of the zone (vub), may also be explained by the
different position of the two sites. At the margin of the bog the vegeta-
tion must have been more open than it was in the centre (Voerendaal),
where Alnus now begins to occur (Thelypterideto-Alnetum), depressing
the curves of the herbs. The fact that the curves of the trees follow
the same pattern both at Voerendaal and at Cortenbach, may find
its explanation in the circumstance that the curves of the herbs reflect
more closely the vegetation of the bog itself, whereas the curves of
the trees give an impression of the vegetation in the Voerendaal area
as a whole.

The difference between the margin and the centre of the bog appears
in zone 1v and zone v as well. At Voerendaal the sediment is lime
without any recognizable rest of plants. At Cortenbach lime is present
in zone 1v and zone v, but it is often interrupted by zones of Phragmites-
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and later on of Magnocaricion peat. This indicates a silting up of the
lake starting from the margin. The lime may have been deposited
in times in which the level of the lake was high, and the peat in times
in which it was low.

We did not succeed in finding here the high Tilia percentages which
were earlier found in the Voerendaal region.

Finally we have to draw attention to the presence of Secale in zone
vir. The presence of these pollen grains might be an argument in
favour of the supposition that this zone does not belong to zone vu
but to zone x. However, in zone x usually Ti/ia and Ulmus show very
low percentages. The percentages of these trees are too high to refer
our zone to a much later time.

THE BOGS ON THE HEATH OF BRUNSSUM

The heath of Brunssum, situated north of Heerlen, is one of the regions where
loess is absent. The top soil consists of sand of Miocene age. On account of the
character of the soil the vegetation is a very poor one compared with that in the
other parts of South Limburg. Therefore the history of the vegetation may possibly
have been different from that elsewhere in South Limburg. The dominant trees
on the heath are Betula and Pinus, the latter planted, occupying extensive areas
along and on the heath of Brunssum. In the northern part of the heath we find
an extensive area in which the heath has been destroyed by drifting sands. Man is
probably responsible for the present sand drifts. In the northern parts many aban-
doned brown-ceal pits are present. They are now filled with water.

In the valleys on the heath a number of marshes are present.
According to VAN DER STIGHEL (1942) the rainwater stagnates by the
presence of layers of brown-coal in the underground which gives rise
to marshes. o

Brunssum 1 (Diagram 13)

DESCRIPTION OF THE SITE

The bog of Brunssum 1 is situated in the north-western part of the heath of
Brunssum. At the bottom of a little valley, which runs to the north, we find a marshy
vegetation where locally peat has been deposited. Unfortunately we find on many
places that the peat has been removed by man. Though the boring has been taken
from a site which seems fairly undisturbed we have to take into account that a part
3{ ';he deposit may have disappeared. To the north the valley is filled up by sand

1ts. '

PRESENT ASPECT OF THE VEGETATION

In the vegetation of the marshes Befula is the dominant tree. Moreover shrubs
of Alnus incana, Salix, Quercus robur and Frangula alnus are present. The herbs are
Rumex acetosella, Corynephorus canescens, Carex spec., Erica tetralix, Epilobium angustifolium,
Sonchus oleraceus, Tusstlago farfara. Outside the marshes we find mainly Hieracium
vulgaris, Calluna vulgaris, Betula and Pinus.

STRATIGRAPHIC RESULTS

0- 5 cm: many roots, but not typically roots of Carex;

95— 8 cm: peat black by the presence of charcoal; many roots;

8-12 cm: Sphagnum papillosum peat mixed with a few Eriophorum
leaves and roots (not Carex);

12-20 cm: Sphagnum papillosum peat, practically not decomposed;
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20-40 cm: Spagnum papillosum peat, rough, brown; between 20-30 cm
a few Phragmites leaves;

40-56 cm: Sphagnum papillosum peat mixed with a few Sphagna of the
sections Subsecunda, Cuspidata and Acutifolia; peat rough,
brown;

56-60 cm: Sphagnum papillosum peat mixed with a few Sphagnum acuti-
folium rests;

60-68 cm: Peat composed of Sphagnum cuspidatum, Sp. acutifolium, and
Sp. rubellum; some roots of Carex and leaves of Sphagnum
molle;

68-76 cm: Peat highly decomposed, black, mixed with sand; leaves
of Sphagnum cuspidatum and roots of Carex; fruits of Carex
panicea (2X).

PALYNOLOGICAL RESULTS

In the lower part of the diagram Corylus is the most important tree.
Up to a depth of 8 cm Corylus decreases and Quercus reaches the highest
percéntages. Meanwhile Fagus expands.

The Tilia curve shows fairly high percentages. The Tilia curve
starts with a percentage of about 5 %,. After a decline between 40-60
cm it intersects the Fagus curve. Tilia reaches a maximum of 15 %,
at a depth of 32.5 cm. After that the percentages of Ti/ia are decreasing.

Ulmus shows its highest percentages in the lower part of the diagram,
after which the Ulmus curve sinks gradually. Above the Tilia maximum
the Ulmus curve is often interrupted.

Alnus and Betula play a less important rdle in the vegetation than
Quercus and Corylus. After a slight rise in the lower part of the diagram,
the curves of Alnus and Betula remain fairly constant at a percentage
of 159%,.

Many pollen grains of herbs have been found. In the first place
we have to mention the high percentages of the cereals and of Plantago
lanceolata, indicating that man was present already. Quite in agreement
with the stratigraphic composition of the peat, is the presence of spores
of Sphagnum and pollen grains of Drosera. However, several pollen grains
have been found indicating that the soil on the heath was not so
deficient in nutrients as it is now. They are: Humulus lupulus, which
occurs irregularly, but reaches high percentages, Utricularia, Convolvulus
and Tilia. These euthropic conditions may be explained by assuming
either a higher level of the phreatic surface or the presence of loess.
According to Drutr (1927) loess has been deposited on the heath of
Brunssum in the same way as in the loess region, but it was removed
by erosion.

At a depth of 8-9 cm, where the stratigraphic composition of the
peat suddenly undergoes a change, the development of the vegetation
is interrupted. The percentages of Fagus, Tilia and Quercus go down,
the percentages of Betula increase. The fairly high percentages of
Fagopyrum, together with a charcoal zone in the peat, indicate that
we are dealing with a ‘“buckweat fire-culture”. On account of the
fire we find the following stages in the composition of the vegetation:
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1. a sharp decrease of Fagus, Quercus and the cereals; increase of
Pinus (long distance transport), Betula and Corylus; Rumex acetosella
reaches a maximum of 240 9, ; increase of the Poaceae;

2. decrease of Tilia and Rumex; the Poaceae reach a maximum;
proceeding increase of Betula;

3. decrease of the Poaceae; the Chenopodiaceae reach a maximum;
fall of Pinus and Corylus;

4. Betula reaches a percentage of 94 %,; the herbs and the other
trees fall to zero.

The upper 10 cm of Brunssum 1 belong to recent times. According
to LEHMANN (1940), Fagopyrum was introduced in Europe after 1400
A.D. The presence of Fagopyrum therefore is an indication that the peat
in the upper part of the diagram has been built up in recent times.
Still the most recent time is lacking at Br 1, as Pinus and Calluna remain
low. The high percentage of Betula reminds already of the composition
of the present day vegetation. It is not impossible that at a depth of
7.5 cm a part of the deposit is lacking.

Brunssum 2 (Diagram 15)

DESCRIPTION OF THE SITE AND PRESENT ASPECT OF THE VEGETATION

The bog of Brunssum 2 is situated in the spring area of the “Rode Beek”. The
present vegetation is a Saliceto-Betuletum with Betula, Salix and Alnus. The bog is
surrounded by heath and (on the west side) by Pinus plantations.

STRATIGRAPHIC RESULTS

The boring of 100 cm consists for the greater part of sand which
contains a larger or smaller content of humus. The organic material
is almost completely decomposed. The only organic remains that have
been left, consist of unknown roots and of some fragments of Alnus.
No seeds were found.

PALYNOLOGICAL RESULTS

The tree curves in the diagram do not show much variation. The
most important tree is Corylus (about 75 %,), which tends to decrease
towards the upper part of the diagram. Among the trees of the
Quercetum mixtum, Tilia shows the highest percentages. In the lower part
of the diagram Ulmus is more important than Quercus; in the middle
part the percentages of Ulmus and Quercus are equal, whereas in the
upper part of the diagram the Quercus curve rises and intersects the
curve of Tilia. On account of the high percentage of sand these high
percentages of Tilia may be ascribed to a differential destruction of
the pollen grains.

The percentages of Pmus, Alnus and Betula are low. Fagus and
Carpinus are present, but also in low percentages.

In the lower part of the diagram the number of pollen grains of
herbs is small. However, above a depth of 45 cm the percentages of
the cereals, Poaceae and Rumex increase. Successively the Poaceae
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and Rumex reach a considerable peak. Beginning with this level more
grains of other herbs have been found.

Though no Sphagnum leaves have been found, spores of Sphagnum
are fairly abundant in the samples.

Brunssum 3

The boring Brunssum 3 (56 cm) has been analysed pollenanalytically
by Miss N. C. Rem in 1952. The results are almost the same as those
obtained in Brunssum 2. Therefore it is not necessary to reproduce
the diagram in the present paper. However some differences with the
diagram of Brunssum 2 must be pointed out. viz.

1. The main constituent of the Quercetum mixtum is not Tilia but
Ulmus. Ulmus reaches in the lower part of the diagram a percentage
of 20 %. Only in the upper part of the diagram Tilia expands.
However, the Tilia curve does not intersect that of Ulmus.

2. The peat is less strongly decomposed than that at Brunssum 2. It is
not possible to date the diagrams of Brunssum 2 and Brunssum 3.

Brunssum 4 (diagram 1)

The diagram of Brunssum 4 which was made in 1953, show a
pattern which differs considerably from the other diagrams of the
heath of Brunssum. Therefore it seems worth to publish the diagram
though many shortcomings adhere to it. The lower part of the diagram
shows high percentages of Corylus, but then Quercus and Tilia begin to
increase. In a Sphagnum zone Tilia reaches the very high percentage
of 50 %. The uppermost spectrum shows high percentages of Betula
and of the Ericaceae. The Tilia curve runs down sharply and intersects
that of Quercus. Pinus is present but does not reach high percentages,
which indicate that the most recent period is not represented in the
diagram.

DISCUSSION OF THE VEGETATION OF THE BOGS

In only two of the bogs that were investigated by us the vegetation
of the bog itself indicates an acid reaction of the soil; viz. at L.F.
(Rhynchosporion during zone v, 1x and x; (see page 32) and in
the bogs on the heath of Brunssum. The vegetation of the other bogs
remains eutrophic. It seems to us that this is not accidental. The bogs
in which the soil is acid, are situated outside the loess district, whereas
the other bogs are situated in the loess district. In the loess district
the soil will receive continually a supply of nutrients and lime prevent-
ing a fall of the Ph.

Among the trees we have to mention the different behaviour of
Alnus and Betula. In zone vm, 1x and x of L.F. and in the bogs of
Brunssum Alnus does not belong to the vegetation of the bog itself,
as Betula (pubescens) does.

The other bogs show a different situation: Alnus is highly local
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wheras Betula (probably Betula pendula) does not occur in the Alnion
glutinosae. The pollen grains of Betula therefore must have arrived
from outside the bog. This is clearly shown by the percentages of
Betula shown in the diagrams. At L.F. and Br. the Betula pollen reach
a fairly high percentage. In the other bogs the percentages of Betula
as a rule do not exceed a few per cents.

We have to distinguish in our region three types of bogs. The first
type comprises the bogs which have arisen by means of a silting up
of a lake (L.F., Co and Vo). These bogs show the normal succession
starting in euthrophlc fresh water: Phragmition-Magnocaricion-Alinion
glutinosae (WEsTHOFF and MORzER Bruins, 1951). The second type
comprises the bogs in the spring areas of the brooks. The thickness of
the peat is usually less than in the bogs of the first type. Moreover in
these bogs the development of peat did not start before zone x
(compare page 86). The present vegetation is always one of the
associations of the Alnion incanae. A third type comprises the bogs
which developed in an arm, cut off from a stream (BRO, Ri, Nuth).
The present vegetation of the bog of Nuth too is an association
belonging to the Alnion incange. However, the thickness of the peat
deposit exceeds that of the peat in the second type. Moreover, the
development of the peat started before zone x.

The vegetation of the bogs of the second and of the third type
probably had the character of an Alnion incanae vegetation. An indica-
tion in favour of this assumption is the content of minerogenous matter
found in the peat. According to Maas (1959) the content of minerog-
enous matter in the peat of the Pruneto-Fraxinetum is 50-85 %, and in
the Macrophorbieto-Alnetum 65-85 9%,. In agreement with the dates of
Maas we find a high content of minerogenous matter in the bogs of
the spring areas (B: 48-89 9%, W: 43-79 9, Ra: 22-49 9, Gr: 51-
86 %, A: 41-95 9%,). With the exception of Ri the soil in the bogs of
the third type too have a high content of minerogenous matter (Nuth:
45-70 %, BRO: 29-66 9,, Ri: 8-19 9%,). However, it seems desirable
to draw attention to the fact that the former vegetation of these bogs
must have shown a closer relationship to the Alnion glutinosae than it
does nowadays. The rise of Fraxinus observed in the upper part of
several diagrams may indicate a succession from the Alrion glutinosae
to the Alnion incanae. At B we find in the upper part of the diagram a
decrease of Dryopteris thelypteris, which may due to the same succession.
A rise of Fraxinus and a decrease of Dryopteris thelypteris is visible in the
upper part of the diagrams of Nuth and Gr too. An indication of a
closer relationship with the Alnion glutinosae may be seen in the lower
content of minerogenous matter found at BRO, Ri and Ra. For other
explanation for the rise of Fraxinus we refer to page 86.

In contrast to the bogs of the third and second types the content
of minerogenous matter in the peat of the bogs belonging to the first
type is low (10-14 9,). This indicates that the vegetation of these bogs
must certainly be referred to the Ainion glutinosae (Thelypterideto-
Alnetum).
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Besides the Macrophorbieto-Alnetum and the Pruneto-Fraxinetum the
Cariceto elongatae-Alnetum and the Cariceto remotae-Alnetum may occur
in the spring areas as well. From a palynological point of view it is
difficult to distinguish these four associations from each other, espe-
cially because we may expect that several types of Alnus vegetations
are occurring in the neighbourhood at a short distance of each other.
On the sites where running water is present and where we find a
sufficient supply of oxygen, the Cariceto remotae-Fraxinetum is present;
on the sites between the small water courses in the spring area the
other associations occur. Thissituation is a very dynamic one on account
of the frequent diversions in the course of the streams.

CHAPTER VII
DISCUSSION OF THE ZONES

In this chapter we will consider the development of the vegetation
round the bogs in so far it can be reconstructed by the aid of the
diagrams. First of all we will try to find out in how far these diagrams
are similar to each other and then we will consider the points in which
they differ.

For comparison with the development of the vegetation in adjacent
regions we chiefly consulted the papers by FLorscrUTZ and VAN OvE,
1939 and by PerscH, 1950 (Ardennes), by STrRaka, 1952 and by
HumMmer, 1949 (Eiffel), by Esnuis, 1946 (Peel), and by VERHOEFF,
1957 (Central Limburg). For comparison with its development in
the northern parts of the Netherlands the studies of WATERBOLK (1954)
and VAN Zeist (1955) were taken into consideration. In addition to
these diagrams published by these authors special attention was paid
to the diagrams given by MULLER (1953) and by STEINBERG (1944)
who investigated loess regions in Central Europe.

The development of the vegetation, especially in the later part of
the post-glacial time (zones vi-x), will be considered from a phyto-
sociological point of view.

Originally, e.g. by BLytr (1876) and of by SERNANDER (1908) the
history of the forests was regarded as a process which depended entirely
on climatological changes. Indeed, it 1s commonly accepted that after
the late-glacial time the climate ameliorated up to the zones vi and
vi, and thatin north-western Europe the temperature reached its
post-glacial maximum in these zones (FirBas, 1949). In the later
periods the climate certainly did not remain unchanged. According
to IVERSEN (1944), the winter temperature fell at the transition between
zone vi and zone vui. Moreover, on account of the stratigraphy
found in raised bogs and of certain variations observed in the pollen
diagrams several authors arrived at the conclusion that the preci-
pitation in the zones vi, 1x and X must have been variable (OVERr-
BECK, 1952; WATERBOLK, 1954; VAN ZEisT, 1959). Even since medie-
val times the climate changed (FirBas, 1954). In our region it is, as
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we will see, very difficult to recognize with certainty an alteration
of the climate. Although such a change is possible, its effect is often
completely overshadowed by that of human interference. Moreover,
it should be borne in mind that an alteration of the climate can
only produce an effect, when a critical point is reached. It is quite
conceivable that in South Limburg, where the soil (loess) is a very
rich one, the effect of the climate on the vegetation may have been
less pronounced than it was elsewhere. For that reason it seems
advisable to consider the history of the forests in South Limburg
more as a plant succession, in whose development the interference
of man at times played an important part, than as a reflection of
climatological alterations. As we will see, many particularities in the
diagrams may be explained by reference to the factors mentioned
above. It is doubtfull whether in our region any changes in the dia-
grams may actually be regarded as the result of fluctuations in the
climate, although such fluctuations certainly will have been present.

The parts of the diagrams which we want to consider from a phyto-
sociological point of view are those comprising the zones vi, v, v,
x and x. Betore zone v many species had not yet arrived in the region
and so the conditions for a competition between the trees were
completely different from what they are at the present time. Moreover,
before zone v1, the climate certainly was very different from what
it is nowadays. For these reasons it is almost impossible to compare
the vegetation of these lower zones with plant associations that are
found at present in the same region and up to zone vI our findings
will be considered only in the usual palynological way. However,
from zone vI on a more satisfactory picture of the changes in the
composition of the vegetation could be obtained by making use of
experience gained in the field of phytosociology.

The conditions for a coérdination of our palynological findings with
the results of phytosociological studies, are extremely favourable in
South Limburg. In contrast to the extensive raised bogs found in the
other parts of the country, the bogs of South Limburg are for the
greater part of a small size. Up to now the attention of palynological
workers was drawn in the first place to the raised bogs, which certainly
are more suitable for palynological investigation than the often dis-
turbed small bogs found in our region. On the other hand, a disadvan-
tage of extensive raised bogs, from the point of view of palynology,
is that the herbaceous pollen was mostly derived from herbs growing
in the bog itself, whereas the tree pollen was derived from the vegeta-
tion outside the bog. As the distance to the forests around a raised
bog is large, the tree-pollen spectra in the diagram of such a bog
reflect certain changes in the vegetation of the forest over a large area.
The spectra obtained from a raised bog, therefore represent *“long
distance spectra”. In such a case it is very difficult to recognize in the
pollen diagram different types of vegetation in the forest. In a small
bog the variations in the diagram must be due in a large part, to
differences in the vegetation occurring at a short distance from the
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sittc where the samples were taken. Here it is easier, therefore, to
distinguish in the pollen diagram the different types of vegetation
by which the bog in the subsequent stages of its development was
surrounded.

Our considerations are based in the main on those expounded in a
paper by TUxen (1931). Tiixen is of opinion that in a valley roughly
the following types of vegetation may be distinguished, viz.

(1) the vegetation of the bog;

(2) the vegetation on the colluvial soils along the streams (Auen-
wilder);

(3) the vegetation on the slopes of the valley and on the plateau
above it.

Though certain ideas of Tiixen are untenable (especially those
concerning the part played by Fagus), the main principle proved to
be a sound one. Already in 1931 Tiixen pointed out that it would be
desirable to investigate small bogs, though for other reasons than
have been expounded here. Co

The zonation proposed by Tiixen is roughly recognizable in three
vegetation units that are present in South Limburg. The vegetation
on the slopes and on the plateaus, mentioned under (3), has to be
referred to the Carpinion which occurs on soils which show a differentia-
tion in layers. The vegetation of the bog (1) has the character either
of the Alnion glutinosae or of one of those associations belonging to the
Alnion incanae which indicate the presence of a peaty soil (Macrophor-
bieto-Alnetum or Pruneto-Fraxinetum). The vegetation on colluvial soils
(2) must be referred to the Aino-Ulmion (Ulmion). The Alno-Ulmion
established by OBERDORFER (1953) for the Euro-Siberian region,
comprises associations which originally were referred to the Alnion
glutinosae and to the Carpinion. The hygrophilous associations of the
Querceto-Carpinetum distinguished by Tixen in 1936, viz. the Querceto-
Carpinetum stachyetosum and the Querceto-Carpinetum filipenduletosum have
been removed from the Carpinion and are now placed in the Alno-
Ulmion (cf. p. 15). The same applies to a part of the Alnetum glutinosae.

We find the associations of the Alno-Ulmion on colluvial, usually
minerogenous soils, which are inundated periodically by the stream.
A Gley horizont is always present. Doive KRAFT (1955) states that
the soil of the Alno-Ulmion is rich, young and wet, not layered and not
leached, the phreatic surface being too high. In case of a fall of the
phreatic surface (BURRICHTER, 1953), the soil is separated in two layers
and the vegetation very gradually changes in one or another associa-
tion of the Carpinion, a succession which may take one to several
centuries. According to I. S. ZoNNEVELD (1958) after the sedimentation
of the soil by the stream a physical maturation takes place during
which the water content and the amount of organic matter decreases
and the content of minerogenous matter increases. The various
degrees of maturing are recognizable by the presence of definite
associations. In the various stages of maturing in the Biesbos (western
Netherlands) the vegetation was found to be respectively a Scirpeto-
Phragmietum, a Salicetum albae or a Cariceto remotae-Fraxinetum. Especially
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TABLE 1

Presence and dominance-abundance of the trees in the wood associations occurring
in the Netherlands.
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in the later stages of maturation, when a balance has been reached
between the supply and the demolition of organic matter, an indication
of an A-1 zone on the soil packet is present already. According to
1. S. Zonneveld the vegetation occurring at the stage where the demoli-
tion of organic matter remains behind the supply, and where there-
fore an accumulation of organic matter (peat) takes place, can be
assigned to the Alnion glutinosae.

Before proceeding with detailed analysis of the zones, we will first of all consider
for the trees separately in what kind of forest they occur. For the recently recognized
associations of the Aino-Ulmion we consulted especially the work of VAN LEEuweN
and Doing Krarr (1955, 1959). Table 1 shows the presence and dominance-
abundance in the different types of woods.

Alnus glutinosa

Present especially in the Alnetalia glutinosae occurring on poorly drained soils,
but often present in the Alno-Ulmion as well (especially in the Alnion incanae). This
is in agreement with the findings of several other authors (JonemMANs and DIEMONT,
1942; TuxeN, 1937; LoHMEYER, 1951 ; and BURRICHTER, 1953), according to which
Alnus occurs in the Querceto-Carpinetum filipenduletosum and sometimes in the Querceto-
Carpinetum stachyetosum too, i.e. in associations belonging to the Alno-Ulmion. A low
occurrence of Alnus is shown by some “‘wet” associations of the Violeto-Quercion.
However, Alnus certainly does not reach dominance in these types of wood. In the
Carpinion, as it is defined now, Alnus is absent.

Betula verrucosa

Betula verrucosa is abundant on more or less dry soils with an acid reaction (OBer-
DORFER, 1949), especially therefore in the Quercion-roboris-petracae. It never occurs
in the Alnion glutinosae or in the Alno-Ulmion. In the Carpinion it is present only
in the less rich associations of the Querceto-Carpinetum (Querceto-Carpinetum loniceretosum
and Querceto-Carpinetum melicetosum). This means that in the loess region of South
Limburg the tree is practically absent. According to OBERDORFFER (1949), the tree
is the first pioneer in cleared parts of the Quercion-roboris-petraeae.

Betula pubescens

Betula pubescens is abundant especially in the Quercion-roboris-petracae, the Betulion
pubescentis and the Sphagno-Alnion and may be an important element in the vegetation
outside the loess district (cf. p. 51). It is unfortunately not possible to separate the
pollen grains of Betula pubescens from those of Betula verrucosa.

Pinus sylvestris

According to OBERDORFER (1949), this tree occurs on soils where deciduous trees
are absent, but there is no relation between it and the nutrient content of the soil,
for it thrives on poor soils as well as on rich ones, though in the latter habitats it
can not compete with the deciduous trees (RUBNER, 1925; BucHwaLD, 1951); in
the Alnion glutinosae it is absent.

Quercus robur

Quercus robur is very well represented in the Alnion incanae, in the Ulmion and in
the Quercion-roboris-petraeae. Less important is Quercus robur in the Carpinion and in
the Ainion glutinosae, and it is lacking in the Salicion.

Quercus petraea

Quercus petraea occurs in the Violeto-Quercion (especially in the Quercetum sessiliflorae)
and in the Carpinion. In the Alnion glutinosae and in the Salicion it is lacking. Quercus
petraea occurs in the Alnion incanae and in the Ulmion, although it has here, in contrast
to Quercus robur a limited share in the vegetation. It is not possible to distinguish
the pollen grains of Quercus robur from those of Quercus petraea.
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Fagus sylvatica

Fagus grows on more or less well drained soils. Therefore the tree is lacking in
the Alno-Ulmion and in the Alnion glutinosae. This agrees with the fact that Fagus
does not occur in the Quercetum-Carpinetum filipenduletosum and is scarce present in
the Querceto-Carpinetum stachyetosum (TRAUTMANN, 1957; TUxEN, 1937; JoNGMANs
and DieMonT, 1942). In some subassociations of the Carpinion, Fagus may be present,
but here it never reaches dominance. Fagus reaches its optimum in a humid climate.

Carpinus betulus

Carpinus is especially abundant in the Carpinion. It is lacking in the Alnion glutionosae
and in the Aino-Ulmion with the exception of the Stachyeto-Quercetum, which among
the associations of the Alus-Ulmion eomes nearest to the Carpinion. -

Corylus avellana

Corylus is present in the Carpinion and in the Alno-Ulmion (excl. the Salicion). It
may be present in the Violeto-Quercion as well, but here it is less important than in
the Carpinion and in the Alno-Ulmion. When forests on rich soil are felled, Corylus
forms a regeneration stage (OBERDORFER, 1949; SCHWICKERATH, 1944).

Ulmus carpinifolia and Ulmus glaber

Ulmus carpinifolia occurs especially in the Ulmion (OBERDORFER, 1949; PAsSsARGE,
1953, 1956; LouMEYER, 1951; VAN Leruwen and DoiNe KrarT, 1955, 1959).
It is lacking in the Alnion glutinosae. Ulmus glaber is present in the Carpinion in a low
frequence. It is not possible to distinguish the pollen grains of the two species.

Fraxinus excelsior

Fraxinus excelsior has its optimum in the Alno-Ulmion (OBERDORFER, 1949, 1953;
Van LEevweN and Doine Krarr, 1955, 1959{‘.i Moreover it may be abundant

in the rich associations of the Carpinion. It is lacking in the Alnion glutinosae and in
the Salicion.

Tilia platyphyllos

Tilia platyphylios is abundant in the Acereto-Tilietum (LoumEYER, 1953; OBER-
DORFER, 1957), an association which is referred by Oberdorfer to the Quercetalia
pubescentis, According to Lohmeyer the association is a pioneer vegetation on steep
and sunny slopes. This agrees with the subatlantic-mediterranean-montane distribu-

tior:is of the tree (ZEIDLER, 1953). It does not belong to the native flora of the Nether-
lands.

Tilia cordata

According to ZripLER (1953), Tilia cordata is a more continental tree than Tilia
platyphyllos and it has a more northern distribution (Rusner, 1953). Its continental
character appears from its frequent occurrence in the loess region east of the Harz.
According to Passarce (1953, 1956) Tilia cordata is present especially in the associa-
tions of the Alno-Ulmion (Sambuceto- Alnetum, Carpino-Ulmetum, Fraxino-Ulmetum). Though
in western Europe Tilia cordata nowadays plays an inferior réle in the vegetation,
the tree is sometimes present in associations with Alno-Ulmion character, cf. Lon-
MEYER, 1951, Hannover (in the Querceto-Carpinetum stachyetosum and in the Querceto-
Carpinetum filipenduletosum); LouMEYER, 1957 (in the Stellarieto-Alnetum glutinosae);
OBERDORFER, 1952, Kraichgau (in the Querceto-Carpinetum circacetosum and the
Querceto-Carpinetum molinietosum); OBERDORFER, 1957 (in the Fraxino-Ulmetum;
MEevEr Dreges, 1936, Achterhoek (in the Querceto-Carpinetum stachyetosum). As the
Alno-Ulmion is nowadays scarce in our part of South Limburg, Tilia cordata is here
not found in the associations of the Alnro-Ulmion. In the Carpinion (especially in the
Querceto-Carpinetum fraxinetosum) Tilia cordata is present in a low frequency.

Salix

Salix fragilis, S. triandra, S. viminalis and . alba are abundant in the Salicion and
in the Alnion incanae, whereas Salix cinerea occurs especially in the Alnion glutinosae.
Salix caprea occurs especially in the Carpinion. It is not always possible to distinguish
the pollen grains of the different species of Salix.
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Zone I, II and III (late-glacial)

The late-glacial is represented only in the diagram of L.F. We
constructed the diagram in the way introduced by IVersen (1942),
including a number of herbs in the pollen sum. Included are pollen
grains which with some probability can be said to be derived from the
vegetation outside the bog, viz. trees, Poaceae, Empetrum, Funiperus,
Apiaceae, Artemisia, Asteraceae, Brassicaceae, Chenopodiaceae, Heli-
anthemum, Hippophae, Lamiaceae, Plantago maritima, Rubiaceae, Rumex,
Sanguisorba, Thalictrum, Epilobium and Polygonum bistorta. In contrast
to the usual way in constructing the diagrams, Cyperaceae have been
left out, because Carex roots are often present in the sandy layers of
the borings. In this way the often high percentages of the Cyperaceae
do not depress the percentages of the herbs which are present in a
much lower number. :

Following FirBas (1949) we distinguish a zone 1 (old Dryas time), a zone ut (Allersd
time) and a zone m (young Dryas time), Moreover, it i1s possible to divide zone 1
into a zone 1a_(oldest Dryas time), zone 1b (Bolling time), and a zone 1c (older
Dryas time); (VAN pER HammeN, 1951). Zone 1c and zone mr represent temporary
deteriorations of the climate during the late-glacial.

The pleniglacial is apparently not present in our diagram because
the Artemisia pollen reaches already in the lower part of the diagram
a value of 2 %,. According to VAN DER HaMMEN (1951) the transition
between pleniglacial and late-glacial is characterized by a decrease
of the very high percentages of the herbs with the exception of Arte-
misia, which shows an increase. For this reason we must refer the
lowermost spectra to zone 1a. The Bolling time is characterized by a
dominance of Betula and by a low percentage of the herbs, which
indicates that the vegetation is here less open than it was in the
preceding period. According to VAN pER HamMEN (1951) the vegeta-
tion of the Bolling time had the character of a parc landscape in which
Betula was present in scattered specimens. Salix which showed very
high percentages in zone 1a decreases here to 6 9%,. Pinus shows a
slightly higher percentage but the latter nevertheless remains low.
It can therefore be doubted that Pinus was present in the Bolling time;
That pollen grains of Pinus are present in the samples may be ascribed
by long-distance transport. The temporary increase of Betula is a well-
known feature of the Bélling time. We find it in the northern part of
the Netherlands (Van Zgist, 1955; VAN DER HamMEN, 1951) as well
as in Denmark (IVersen, 1954).

In zone 1c the percentages of the tree pollen decrease again in
favour of those of the herbs. Some shrubs and several herbs ( Funiperus,
Rumex, Cyperaceae, Artemisia, Hippophae, Plantago) reach their highest
values, which indicates that the region once more was woodless.
Betula and Pinus decrease and are replaced by Salix.

The Allersd time is characterized by a dominance of Pinus, whereas
Betula and Salix decrease strongly. The low percentages of the N.A.P.
indicate that closed pine forests must have been present.

The high percentages of Pinus are in striking contrast to the situation
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found in the northern part of the Netherlands. According to VAN DER
HamMen (1951) and Van Zeist (1955) in the northern part of the
Netherlands, Pinus rises in the upper part of zone u, but Befula still
remains an important factor in the vegetation. In our region the
composition of the vegetation in the Alleréd time shows a closer
resemblance to that of southern Germany than to that of north-western
Europe. For that reason we may perhaps ascribe the high Pinus
percentage to the geographic position of the region. We should, on
the other hand, take into consideration, that diagrams from Susteren
and from the Peel (VAN DErR Hammen, 1951), a few km north of
Leiffenderven, show the normal west-European pattern. It is quite
well possible that the particular soil conditions in our region may have
played a role as well. Indeed, the diagrams taken from bogs in other
loess regions (STEINBERG, 1944; MULLER, 1953), show the same high
Pinus value as those from South Limburg. We shall return to these
soil conditions in our discussion of zone m1. In agreement with several
authors (VAN DER HamMmEN, 1951; FirBas, 1949; STEINBERG, 1944;
VaN ZEssT, 1955) we found that the minerogenous content of the soil
decreases strongly in zone 1.

In zone m we observe the following changes. The N.A.P. rises,
especially Artemisia, and Funiperus returns. In the lower part of the zone
Pinus decreases, but this tree remains superior to Betula, which rises
gradually. Empetrum makes its first appearance. The minerogenous
content of the peat increases strongly. At a depth of 237.5 cm Pinus
falls suddenly and Salix reaches temporarily high percentages. From
227.5-205 cm only pure sand is present, which still contains a number
of late-glacial pollen grains (Empetrum, Helianthemum, Sanguisorba minor
etc.), but in addition we find several pollen grains of thermophilous
trees (Alnus, Tilia, Ulmus, Corylus). It is highly probable that these
pollen grains have been transported from other regions. Therefore
we omitted in the curves the part belonging to the layer between
these two depths. In the diagram of L.F. 2 this part of the zone is
undisturbed. It shows a domination of Betula and upwards a decrease
of Salix; Pinus remains constant.

We draw the attention to the ratio Empetrum: Artemisia. In our
diagram Artemisia is more important than Empetrum, which indicates
that the character of the vegetation was more that of a steppe than that
of a tundra (FirBas, 1948). In the recent tundras of Norway and
Lapland Empetrum is very abundant (STRAKA, 1952). In zone u,
according to FirBas (1950, 1951), Artemisia plays in continental regions
a more important role than Empetrum, whereas the position is reversed
in the more oceanic Western Europe.

The most oceanic part of Europe is Ireland, where Empetrum occurs already in
zone 1 and in zone 1 (JessEN, 1949; MiTcHELL, 1951). In the Netherlands Empetrum
occurs only in zone 1. In zone 1 the climate was too continental to allow the develop-
ment of a real tundra vegetation.

According to Van DErR HaMMEN (1951) in the northern part of the
Netherlands the oceanic element (Empetrum and Sphagnum) is more
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strongly developed than in the south-eastern direction, where Empetrum
shows lower percentages, and where Ariemisia is somewhat higher
than it is in the north. However, the contrast between zone 1c and
zone 1 (climate continental-oceanic) is present in our diagram as
well. Artemesia, Plantago and Helianthemum reach in zone 1c their
highest percentages. The contrast between these two zones is here
certainly less important than it is in the northern part of the Nether-
lands.

Besides the climate, the soil may play a réle (FirBas, 1949a).
According to Straka (1952), the dominance of either Empetrum or
Artemisia in the north-west middle mountains depends upon the type
of soil.

Indeed, Empetrum is a genus found in the Nardo-Callunetae and the Querceto-Piceetae,
both vegetation types occurring on acid soils in an oceanic and montane climate,
whereas Artemisia occurs in the Rudereto-Secalinetae and in the Festuco-Brometae on
neutral to alkaline soils.

In the Eiffel we find in zone 1, a high percentage of Artemisia which
may be ascribed to the rich character of the soil. The same may
apply to the loess region of South Limburg. In zone m the soil was
certainly not leached. For that reason the percentages of Empetrum
which is an indicator of leached soils (IVERsEN, 1954), remains low.
In this way it is possible to explain the fact that in the northern part
of the Netherlands Sanguisorba minor and Helianthemum are almost
lacking in zone m, whereas in our diagram these two species (especially
Helianthemum) are fairly abundant. We must admit that the bog of
Leiffenderven is situated outside the loess region, but the distance
from loess to bog is so short that a transport of pollen from the loess
district is quite well conceivable. If this is so, the vegetation in the
loess region in the period in which in zone m peat was deposited,
would have to be regarded as a glacial steppe (FirBas, 1949a) or,
according to the terminology of BUpeL (1949), as a loess tundra.
The superiority of Artemisia above Empetrum is visible in other diagrams
from loess regions as well (STEINBERG, 1944; MULLER, 1953).

The soil is perhaps responsible for the high Pinus percentages as well.
According to STRakA (1952), in the Eiffel, a high percentage of Pinus
in zone m must be explained by long distance transport from the
lowlands along the upper Rhine where Pinus forests were present in
zone m (FirBas, 1950). If we want to apply the explanation of Straka
to Leiffenderven, it is difficult to see how at Susteren (VAN DER
Hammen, 1951), scarcely 20 km to the north, Pinus could be low;
to explain this we would have to assume that the long distance trans-
port came to an end somewhere between Leiffenderven and Susteren.
We do not want to accept this; it does not look very probable. The
only other explanation would be that at Leiffenderven Pinus forests
were present in the neighbourhood at the time the lower part of
zone I was deposited. '

‘The deterioration of the climate does not result immediately in a
sharp fall of Pinus; still Pinus shows the highest percentages. Only a
proceeding deterioration of the climate in the upper part of zone 11
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results in a sharp decrease of Pinus and in its substitution by Betula.

Salix reaches a high percentage in three periods, viz. in zone 1a,
in zone 1c and between the Pinus and Betula time in zone 111. According
to VAN DER HamMmEeN (1951), a high Salix percentage would indicate
that the forests are disappearing. This may be true for the Salix peaks
in zone 1a and in zone Ic, but not for the Salix maximum in zone m
at a depth of 235 cm, where the forests do not disappear but only
change in composition. According to WELTEN (1950) a Salix percentage
of more than 5 9} indicates a well developed shrub vegetation and a
transition to wood. The Salix maximum in zone 11 is perhaps due to a
temporary increase of the degree of humidity. A slight indication
in this direction are the high percentages reached by the Rosaceae
(pollen of the Comarum type).

At the end of zone m1 the first indications of an amehoratmg climate
become noticeable. Typha latifolia makes its appearance (IVERSEN,
1954) and Phragmites is now the main peat producer (AVERDIECK,
1957). Sand grains disappear completely.

The suppositions given above may be supplemented by a few
additional remarks. The behaviour of Filipendula is the same as in
Denmark (1verseN, 1954) and in the northern part of the Netherlands
(VAN Zg1sT, 1955), viz. a decrease in zone I in contrast to the increase,
shown by the other herbs. The work of VAN pER HamMEN (1951)
shows the decrease of Filipendula less clearly. Rebedded pollen grains
are especially present in zone i1c and in zone m, where their presence
is explainable by the more open character of the landscape during
these periods. Funiperus is present in zone Ic and in zone 1, just as
in Denmark (IVERSEN, 1954) and in the northern part of the Nether-
lands (VAN ZesT, 1955; Van DErR HamMEeN, 1951). Compared with
other diagrams from the late-glacial the percentages of the Poaceae
are low. We do not know how to explain this. Cyperaceae percentages
are high in the zones 1a, 1c and m, just like the percentages of the
other herbs.

Zone IV

For comparising the zones v and v as shown in our diagrams with
the corresponding part in the diagrams obtained from adjacent regions,
we have only two diagrams at our disposal viz. Leiffenderven and
Cortenbach 2. The number of diagrams is certainly not large, but it
is worth to discuss them because they show noteworthy features.

The connection with the late-glacial is present only at L.F. Though
we find at Cortenbach 2 at the bottom of the diagram a decrease of
Betula, the percentages of the herbs are low, showing that the late-
glacial is not represented.

The zone is characterized by an almost absolute dominance of
Pinus. Often (Co) pollen grains of Pinus are the only tree pollen found
in the samples. According to Van pEr HamMEN (1951) a dominance
of Pinus beginning on the lowermost part of zone 1v is typical for the
southern part of the Netherlands. Indeed, in the northern part the
Pinus curve does not intersect the Betula one before the middle of
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zone Iv, whereas in the Rheinpfalz (FirBas, 1935) and in the Eiffel
(STRAKA, 1952) Pinus is dominant already from the beginning of
zone 1v. The same difference is visible between diagrams from the
loess region east of the Harz (MULLER, 1953: Pinus dominant) and
diagrams from the region to the north of it (FirBas, 1952: Betula
dominant). Apart from the southern position, therefore, one of the
reasons of the dominance of Pinus is the presence of loess, which
permitted Pinus to reestablish itself already in the beginning of zone 1v
(compare also the discussion of zone m, p. 61).

Both at Co 2 and at L.F. Corylus appears, but this tree does not reach
more than a few percents. In the upper part of the zone Quercus and
Ulmus make their appearance,.

The behaviour of Betula is somewhat irregular. At L.F. Betula is
present in zone 1v, wheras at Co it is lacking. EsHurs (1946) already
drew attention to this phenomenon which is noticable in the Peel too.
Sometimes Betula shows a low percentage, sometimes it is dominant.
The same holds for sites in the centre of the Netherlands (Esnurs,
1946). In the Ardennes too Betula shows a variable percentage (FLOR-
scHUTZ and VAN OvE, 1939). As we saw at L.F. there is some evidence
that at least part of the pollen grains of Betula belong to the vegetation
of the bog itself. The very high percentages of Pinus found at Corten-
bach may be explained by the absence of Betula at this site which was
situated at that time in a lake and in the strong overrepresentation
of Pinus which accordingly arose. In other regions the irregular
behaviour of Betula may be explained in the same way. Though there
is a clear difference in the relation between Betula and Pinus in the
northern and southern part of the Netherlands, it is not possible to
decide in individual cases whether Pinus was of more or less importance
without taking into account the presence or absence of Betula on the
site where the sample was taken.

It is, on the other hand, possible that Betula occurred outside the sampling area
too. The irregular behaviour of this tree may be explained by the fact that Betula
is a typical pioneer tree. In the succession to the climax forest it may cover large
areas. However, this Betula dominance usually is, from a palyonological point
of view, a very short one (ca. 50 years). For that reason this explanation is less
probable than the first mentioned one,

Thus the vegetation in zone v must have consisted of Pinus forests
mixed, especially in the valleys, with much Betula. Corylus had not yet
a large share in the vegetation.

Zone V

In our two diagrams zone v is characterized by high percentages
of Pinus and by the circumstance that Corylus plays a more important
part in the vegetation than it did in zone 1v. Betula decreases to a few
percents; the components of the Quercetum mixtum show a rise.

In north-west Germany (OVERBECK and ScCHNEIDER, 1938), in
Denmark (Jessen, 1938), in the Eiffel (STrARA, 1952), and in the
lower mountains of central Germany (STEINBERG, 1944; MULLER,
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1953), zone v shows a high percentage of Pinus and an increase of
Corylus, Quercus and Ulmus, whereas in the upper part of the zone
Tilia and Alnus appear and Corylus reaches a maximum (C1).

At L.F. and at Co 2 indications of a similar sequence in the appear-
ance of the thermophilous trees are present. At Co2 we find in the
peat a zone with Quercus and Ulmus, but in which Alnus and Tilia are
not yet present.

As the layer in which Alnus makes its first appearance, may be
absent here, it is impossible to say whether Alnus and Tilia are already
present in the upper part of zone v. At Co 2 the presence of the lower
part of the zone too is uncertain. Here we find a very sudden rise of
the Corylus percentage at the time at which Quercus and Ulmus make
their appearance. As in many regions (at L.F. too) Quercus and Ulmus
appear already in zone 1v, i.e. before the rise of Corylus, it is possible
that at Co 2 at this level too a gap in the peat deposit is present.

At L.F. we find an other complication. As we have seen two inter-
sections are present between the curve of Pinus and that of Alnus.
Between the two intersections Corylus reaches a maximum, but
whether this Corylus maximum may be regarded as the Cl1, is doubtful.
If we remove Alnus from the tree-pollen sum, this Corylus maximum
disappears. Consequently, the transition between zone v and zone vi
must be placed at the first intersection of Pinus and Alnus. However,
if we accept this as the boundary line, it becomes very difficult to
subdivide zone v, It is, moreover, dangerous to use Alnus for the
demilitation of a zone, because the behaviour of this tree is highly
influenced by local conditions.

JEsseEn (1938) did not use the intersection between the curve of
Pinus and that of Alnus as a criterium for the transition between zone v
and zone vi, but the intersection between the curve of the Quercetum
mixtum and that of Pinus. At L.F. we find the last mentioned inter-
section at a depth of 120 cm. If we accept the boundary line of Jessen,
it 1s possible to divide zone v in the way proposed by Overbeck and
Schneider. In the lower part (va) only Quercus and Ulmus are present.
In the upper part (vb) Tilia makes its appearance, Alnus and Quercus
increase, Pinus decreases and Corylus reaches a maximum. At the
transition to zone vI the Tilia line intersects the Ulmus curve. Alnus
and Quercus increase still further. However, in contrast to other regions,
at L.F. Alnus is present already in zone va.

At Cortenbach 2 we find the first Corylus maximum in zone va,
whereas the usual place of the C 1 is in zone vb. On account of the
supposed gap in the peat it is not possible to say whether a maximum
corresponding to the usual C1 is present or not.

Ulmus reaches at Co 2 a much higher percentage than it does at L.F.
At L.F. the percentages of Ulmus always remain smaller than that of
Quercus. At Co 2, on the other hand, Quercus and Ulmus are represented
for some time by the same percentage, but then Ulmus becomes the
main constituent of the Quercetum mixtum. In many other regions in
zone v an Ulmus dominance has been found (FLorscHUTZ and VAN
Ove, 1939; HumMmEL, 1949; VAN ZEeisT, 1955; MULLER, 1953; BEL-
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DEROK and HENDRiks, 1953; Esnuis, 1946: Heitrakse Peel). It has
often been supposed (Jessen, 1949) that high percentages of Ulmus
indicate an oceanic climate. MrrcHELL (1951) drew attention to the
fact that the behaviour of Ulmus is related to that of Pinus and Corylus.
According to Mitchell we find in Europe in zone v from east to west
a decreasing Pinus percentage and an increasing percentage of Quercus
and Ulmus. In West Ireland, however, the percentage of Pinus rises
once more. This finding in Western Ireland leds Mitchell to the as-
sumption that a high percentage of Ulmus can not simply be a question
of climate. Indeed, even in the centre of Europe (MULLER, 1953),
it is difficult to explain the high percentages of Ulmus by an oceanic
climate. As in Eastern Ireland high percentages of Quercus and of
Ulmus in zone v are accompanied by low percentages of Pinus, Mitchell
suggests that the rise of the Quercetum mixtum at the transition to
zone VI is due to a fall of Pinus and that the latter is caused by an
increase ot Alnus. The same would hold for Corylus, which reaches its
maximum during the time in which Pinus decreases.

At Co 2 too we find a rising percentage of the Quercetum mixtum
accompanied by a decreasing percentage of Pinus. However, Corylus
shows here a decrease, whereas Alnus is not yet present. Therefore,
it seems to us that the solution of the question must be more com-
plicated than Mitchell supposes. : :

According to JonasseN (1950), in closed forests, the distance over
which the pollen grains of Corylus are dispersed, is very small. Thus,
a high percentage of Corylus in zone v must mean that the main part
of the vegetation consisted of hazel groves, in which but a small
number of larger trees were present. Jonassen supposes that Corylus
mainly occurred in the wetter sites. In the drier sites Pinus and Quercus
must have been present. This means that in the Voerendaal region
Corylus must have occurred mainly along the margin of the lake.
This is in agreement with the fact that we find along this margin
the Alno-Ulmion in which Corylus certainly occurs. However, on account
of the open character of the forests found on the plateaus, it is improb-
able that Corylus was completely absent on the latter. The occurrence
of Corylus in the immediate vicinity of the lake, is confirmed by the
presence of anthers, at L.F. (132.5 cm) as well as at Co 2 (140 cm).
A second species along the margin of the lake was Ulmus, which is,
as we have seen, especially abundant in the Alno-Ulmion. In conse-
quence of this it is not necessary to assume either a decrease or an
increase of Pinus on the drier sites. The hypothesis that in the Voeren-
daal region Corylus and Ulmus were inhabitants of the lake margin,
is supported by the difference between Vo (centre of the lake) and Co
(margin). At Vo Pinus shows a higher percentage and Ulmus and
Corylus lower ones than they do at Co. As mentioned before, in the
centre of the lake Pinus must be overrepresented on account of long-
distance transport. An overrepresentation of Pinus in the centre of a
lake has been shown by PENNINGTON (1949) too.

A second factor in the Voerendaal region which may have favoured
an increase of the percentage of Ulmus, is the small distance by which
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this site is separated from the cretaceous district. In Ireland Ulmus is,
according to MrrcHELL (1951), common in zone v in case the soil
contains lime, whereas in the opposite case Quercus is prominent. The
same holds for recent vegetation types in the Netherlands. Ulmus is
abundant especially in the Ulmetum suberosae, an association found on
those dunes which contain lime in the soil, and in the Fraxino-Ulmetum,
an association of river banks containing lime. Ulmus is rarely found
in the Carpinion, and then only when the latter occurs on limestones.

The rather irregular behaviour of the Corylus curve is not unusual
in the southern part of the Netherlands. According to Esnuis (1946)
the C1 is often lacking, and when it is present, its position often varies.

We do not agree with Esuuts (1946) and with VErHOEFF (1957)
that in the southern part of the Netherlands the sequence in which
the components of the Quercetum mixtum appear varies. That Eshuis
and Verhoeff came to this conclusion, may be due to a comparatively
low pollen sum in their samples and to a greater distance between
their pollen spectra.

Zone VI and VII

Zone vI and zone vi are not only present at L.F., Vo and Co but
also at Ri and BRO. In agreement with the findings of FIrBas (1949),
zone Vi was found to be characterized by high percentages of the
Quercetum mixtum, of Corylus and of Alnus and by the absence of Fagus.
In zone vn Fagus is present in low percentages. The same behaviour
of Fagus has been observed in the Eiffel (HumMeL, 1949; STRAKA,
1952), in the Untereichsfeld (STEINBERG, 1944), in the Ardennes
(PErscH, 1950) and in the dry part of central Germany (HuMmMEL,
1953). In the Peel the first part of the Fagus curve is irregular.

The appearance of Fagus at the transition between zone vi and
zone VII Is in contrast to what is found in the northern part of the
Netherlands and in north-western Germany, where the first pollen
grains of Fagus were not found before zone vim (WATERBOLK, 1954).
In Drenthe, according to VAN Zgist (1955) Fagus is present already
in zone vil. Farther to the north, viz. in East Holstein (AVERDIECK,
1957) Fagus was found to make its-appearance also in zone vi. These
discrepansies are without doubt partly due to the fact that in the older
investigations the tree-pollen sum often was too low. That, for instance,
in the region near Kéln no Fagus pollen was found before zone v
is probably to be ascribed to the low value of the tree-pollen sum.
It is, on the other hand not impossible that in northern Germany
actually differences were present between adjacent regions (East and
West Holstein, AVERDIECK, 1957).

The most striking fact is that at Ri and BRO the percentages of
Tilia are very high, but that at L.F. Quercus is the main component
of the Quercetum mixtum. Except at Co 2, Ulmus remains everywhere
low. The dominance of Tilia over Ulmus is according to WATERBOLK
(1954) typical for the southern part of the Netherlands. Indeed, in
the northern part of the Netherlands Ulmus is often a very prominent



LATEGLACIAL AND POSTGLACIAL VEGETATION OF SOUTH LIMBURG 67

tree in the diagrams, although, of course, not so prominent as Quercus.

In many diagrams (Vogesen: OBERDORFER, 1936/1937; Eiffel,
Ardennes and in the Untereichsfeld) there is in the behaviour of
Ulmus and Tilia a difference between zone v1 and zone vir. In zone vi
Ulmus is more important than Tilia, whereas in zone vu the Tilia
curve intersects the Ulmus curve, Tilia reaching a higher percentage.
On account of the absence of zone vi at Ri, BRO, Co and Vo, it is
impossible to say whether the same behaviour may have been present
here. Anyhow, at L.F. Tilia is in zone v1 as well as in zone v superior
to Ulmus. This is in agreement with the finding of VAN Zeist (1959a).

The dominance of Tilia over Quercus may be explained in three
different ways:

1) By differential destruction

The pollen grains of Tilia and of the Coniferae show a very high
resistance against corrosion (FirBas, 1949). Indeed, we find at Vo
temporarily a larger number of pollen grains of Tilia at the very
depths where Pinus is high. A high percentage is often correlated with
the presence of a high amount of sand in the peat, a factor which
accelerates the decomposition of the peat (Esnuis, 1946; SCHUBERT,
1933). However, except at BRO, sand is absent in our peat. Moreover,
even at BRO there is no correlation between the narrow zones of
sandy peat and the changes in the percentages of the Tilia pollen.
Therefore it seems reasonable to reject a differential destruction of
the peat as an explanation of the dominance of Tilia over Quercus.

2) By differences in the fertility of the soil

The high Tilia percentages may be due to the high degree of
fertility shown by the soil in South Limburg. Indeed, we find at L.F.,
which is situated outside the loess district a replacement of Tilia by
Quercus. According to K61E (1951) the silt content necessary for the
occurrence of Tilia must be 16 9%, However, it is difficult to compare
L.F. with the other bogs because it is of a much larger size.

3) By differences in the extent of the bog

Our diagrams reveal a close correlation between Alnus and the
components of the Quercetum mixtum. At the very depths where Alnus
reaches high percentages, Quercus proves to be more important than
either Tilia or Ulmus (L.F.: zone v1 and zone vi1; Vo and Co: upper
part of zone vi). Reversely, at the very depths where Alnus is compar-
atively low Tilia and Ulmus are more important than Quercus. This
correlation may be explained if we take into account the extent of
the bog and the character of the vegetation of the bog itself. As we
have seen already, Tilia cordata and Ulmus are abundant in the Alno-
Ulmion, which occurs on colluvial and young soils. It is certainly not
easy to distinguish the pollen grains of the different Tilia species, but
when the intermediate grains are left out of consideration they may
be divided into two groups, and then the larger group appears to
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belong to Tilia cordata (L.F., Ri, BRO). Though the amount pollen
produced by Tilia is large (PoHL, 1937; HyDE and WiILL1AMS, 1945),
the distance over which the pollen grains of this entomophilous tree
are transported, is but small (RempE, 1937). For this reason Tilia is
highly underrepresented in the pollen diagrams. High percentages
are reached only in case the distance between the site where Tilia
trees were growing and the site where the pollen was collected, is
but small. This condition would have been tulfilled when Tilia had
been present on the colluvial soils in the valleys. We mentioned already
that Tilia cordata may occur in the Alno-Ulmion, and this means, indeed
a short distance between the atlantic Tilia forests and the site where
the pollen was collected. However, it is not impossible that Tilia
platyphyllos was present as well, especially on limestone in the creta-
ceous district. According to BArkmaN (1948) and to OBERDORFER
(1957) the Querceto-Carpinetum orchidetosum is related to the Quercion-
pubescentis-petracae in which Tilia platyphyllos occurs (Acereto-Tilietum).
Moreover, we find nowadays in South Limburg a fragment of the
Querceto-Lithospermetum which must be referred to the Berberidion, and
the latter occurs on the same soils as the Quercion pubescentis. The occur-
rence of Tilia platyphyllos on limestone is therefore not improbable.
The larger distance in combination with the bad dispersal of the
pollen grains of Tilia platyphyllos must be responsible for the fact that
we do not find strong indications of the presence of this tree in the
diagrams. In those bogs in the Eiffel that are situated outside the
valleys pollen grains of Tilia platyphyllos are actually present (HuMMEL,
1949).

The situation found at L.F., at Ri and BRO and at Co and Vo
differ strongly, At L.F. in the valley a wide area must have been
covered by the Thelypterideto-Alnetum (see p. 32). The Alno-Ulmion
zone, however, must have been narrow. As Quercus robur is a compo-
nent of the Thelypterideto-Alnetum (VAN Dijk, 1955; BURRICHTER, 1953),
at least a part of the pollen grains of Quercus may be of local origin
and for this reason Quercus may show in the diagram higher percent-
ages than either Tilia or Ulmus. Quite different is the situation at
Ri and BRO. The area of the Thelypterideto-Alnetum must have been
small (this follows from the small size of the bog and the low percent-
ages of Alnus), whereas the greater part of the valley must have been
occupied by the Alno-Ulmion. For this reason, Tilie is here superior
to Quercus. In this respect the percentages of Pinus deserve our attention.
At L.F. the low percentages of Pinus indicate that the forests must
have been very dense. At Ri and BRO the percentages of Pinus are
somewhat higher than they are at L.F. and indeed, the associations
of the Aino-Ulmion are less dense than the Thelypterideto-Alnetum
(WEsTHOFF, 1956: Beekbergerwoud; Van Dijk and WEesTHOFF, 1955).
In the Voerendaal region we find another complication. We men-
tioned already (p. 45) that in the lower part of zone vir the Voeren-
daal region must have been a lake, whereas in the upper part of the
zone the site was occupied by a Thelypterideto-Alnetum. At Voerendaal,
in the centre of the lake, we find in the lower part of zone v pollen
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of Tilia and Ulmus which must have been imported from the margin
of the lake. However, on account of the much larger distance between
the sites where the trees grew and the sites where we collected our
samples, the percentages are lower than at Ri and BRO. In the upper
part of the zone the presence of the Thelypterideto-Alnetum prevents
the pollen grains of Tilia and Ulmus to reach the centre of the lake.
At Co we are on the margin of the lake and therefore in the neigh-
bourhood of the Alno-Ulmion. Accordingly, in the lower part of the
zone Ulmus becomes prominent. However, in the upper part of the
zone, in which the lake was filled up and the Thelypterideto-Alnetum
occupied the site, Quercus, which is a component of this association,
becomes more important.

It is unknown to us why at Co 2 Tilia was replaced by Ulmus. From
an ecological point of view the difference between the two trees is not
important because Tilia as well as Ulmus occur in the Alno-Ulmion.
We draw the attention to the fact that according to an earlier inves-
tigation of the Voerendaal region (MECHELINCK, not published) Tilia
may show here an equally high percentage as at Ri and BRO.

In other regions we find the same correlation between the Quercetum
mixtum and Alnus. In the Untereichsfeld (STEINBERG, 1944) in Ger-
many, where small bogs situated in a loess region have been inves-
tigated, Tilie and Ulmus proved to be high, whereas Alnus showed
low percentages. The diagrams of STRAKA (1952) from peat present
in small craters in the Eiffel show a Quercus percentage between that
of Ulmus and that of Tilia, and a low percentage of Alnus. Though
HumMeL (1949) who investigated similar craters in the Eiffel did not
construct a Quercus curve, it is visible in her diagrams that Quercus
is low in comparison to Ulmus and Tilia. The diagram published by
VERHOEFF (1957) shows an intersection of Quercus with Ulmus and
Tilia accompanied by an increase of Alnus. In our region the same
relation is visible in the diagram constructed by BELDEROK and
Henprixs (1953). Furthermore, the opinion of PFAFFENBERG (1952)
that a high Tilia percentage is typical for a small bog, is in agreement
with our own experience.

A higher percentage of Pinus accompanied by a low Alnus and a
high Tilia percentage is shown in the work of NiLrson (1947). The
results of MULLER (1953) in the dry region of central Germany are
aberrant. MULLER found in lake sediments belonging to zone vi a
higher percentage of Pinus, but Quercus proved to be superior to Tilia
and Ulmus. The explanation evidently is that the lake of which Miiller
investigated the remains, was much larger than the areas in which
in our region the bogs were formed. Moreover, the low precipitation
in the dry region of central Germany, which is nowadays below 500
mm, may have played a rdle, for, according to FirBas (1928), ZeipLER
(1953), and KocH (1944), Tilia (especially Tilia platyphyllos) requires a
very humid climate. In the Hautes-Fagnes (Persch, 1950), on account
of the large extent of the bog and perhaps also on account of the poor
character of the soil, neither Tilia nor Ulmus exceeds Quercus, though
the percentage of Alnus is low. According to FirBas (1952), in the
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young moraine region of Schleswig-Holstein too, high Tilia and Ulmus
percentages have been found; Alnus is low in this region, but Quercus
shows a higher percentage than either Tilia or Ulmus. It is difficult
to explain the superiority that is shown here by Quercus but it may to
a large extent be due to the large size of the bogs for such bogs generally
give spectra indicating long distance.

It seems to us that in our region the size of the bog is the factor
which more than another influences the percentages of the components
of the Quercetum mixtum in the pollen diagrams. In case of a poor soil
the latter certainly may be a limiting factor in the spreading of Tilia
and Ulmus.

Except at Vo and Co Pinus is low already from the beginning of
zone V1. As the pollen grains of Pinus may be transported over large
distances, it is not possible to decide whether the Pinus pollen found
in South Limburg in zone vi and in zone vii, was derived from the
native vegetation. An indication that Pinus really may have been
present is to be found in a study by BurLer and HaBerey (1936),
who detected Pinus wood in bandceramic settlements near Koln. At
Co and Vo in zone via, i.e. during the time that this area was a lake,
Pinus shows in the diagrams high percentages, which must be due to
overrepresentation (page 45). It may be that this overrepresentation
too may be regarded as an indication that Pinus did not disappear
completely during zone vi and zone vi.

The behaviour of Corylus is irregular. Like ScHuBERT (1933), we
found but low percentages of Corylus in the alder peat. It should be
realized that Corylus does not occur in the Thelypterideto-Alnetum
(PFAFFENBERG, 1947; VAN Dyk, 1955; Van LeeuweN and Doine
KRrarT, 1955, 1959). For this reason the percentages of Corylus found
at L.F. and in the upper part of zone vir at Co and Vo, remain low.
More important is Corylus at Ri, BRO and in the lower part of zone
vir at Co and Vo. At Ri and BRO Corylus shows high percentages and
this is comprehensible because the Alno-Ulmion in which Corylus occurs,
must have been present in the neighbourhood of the small bog. At
Vo and Co the pollen grains of Corylus are probably for the greater
part derived from the Alno-Ulmion along the margin of the lake (see

age 65).
P It is not possible to distinguish the C2 and C3 of OvErBECK and
ScuNEIDER (1938). This is probably due to the fact that the pollen
grains of Corylus are derived from an area of limited extent.

According to the suppositions given above the vegetation at the
time in which the peat of zone vi and zone vt were deposited must
have been as follows (figure 3, 4, 5).

Vegetation of the bogs itself: Thelypterideto-Alnetum;

Margin of the bog: Alno-Ulmion with Tilia cordata, (Ulmus),
Alnus, Corylus and Quercus;
Slopes and plateau: Quercus and afterwards Fagus; locally on

limestone perhaps Tilia platyphyllos;
Corylus.
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Zone VIII

Both at L.F., Ri and BRO zone vm is characterized by a minimum
of Alnus, a rise of Corylus, Quercus, Pinus and Fagus, and a fall of Tilia.
Moreover, from the bottom to the top of the zone the N.A.P. increases
strongly on account of the introduction of prehistoric agriculture.

INDICATORS OF HUMAN OCCUPATION
1. Cereals

According to HummeLn (1949), Burier (1938) and WarterBoLk (1954), the
anemophilous Secale cereale and Avena sativa are not yet present in the neolithic
age nor in the bronze age. The other cultivated cereals are self-pollinating and the
production of their pollen grains is very inferior to that of Secale (MULLER, 1947:
ratio 0.2-1.2:195). This implicates that the prehistoric Triticum and Hordeum species,
if present in the diagram at all, must have occurred in very low percentages, In
agreement with the findings of Hummel a.o., the pollen grains of the cereals never
belong to the Secale type. However, in our samples other pollen grains have been
found (especially at BRO) which show a strong resemblance to the cereal type of
FirBas (1937), viz. grains provided with a large pore and a thick annulus. The size
of these pollen grains exceeds 40u.
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Fig. 2. Relation between size and pollen type of the Poaceac at Brommelen,
227 cm. Pollen sum = 250,

If we construct, according to the prescript of FirBas ( 19372, a curve showing the
relation between size and percentage of the pollen grains belonging to the Poaceae
(Fig. 2), it appears that there are two peaks. The curve, however, does not prove
that the larger pollen type actually was derived from cultivated cereals; it only
shows that we are dealing with at least two species, though more probably with
two groups of species. According to Fireas (1937), the pollen of some wild Poaceae
may show the same type as that of cereals. We find among this group halophytes,
forest plants, hygrophytes and plants belonging to the Bromion. It 1s unlikely that in
our region halophytic grasses would have occurred. The same may be said of forest
grasses, because, as we will see, the area of the forests diminished strongly in this
period. It is, on the other hand, not excluded that the pollen grains showing the
same type as those of the cereals, may belong to hygrophytic grasses (Glyceria
Jluitans, or to grasses belonging to the Bromion (Bromus erectus).

2. Artemisia

Some species of Artemisia are found especially in the Onopordietalia, the commu-
nities occurring in ruderal sites. According to IVERsEN (1941), the pollen grains
of Artemisia would be derived from Artemisia vulgaris, which only in recent times
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has been driven back by the introduction of deep ploughing. In South Limburg
we have to take into account the occurrence of Artemisia campestris, a species present
in the Festuco-Brometae, a class which comprises open communities occurring on
warm and dry soils. It is not impossible that associations belonging to this class
were present in South Limburg in zone vmu (cf. Helianthemum: page 72). Pollen
grains of Artemisia are sometimes present in low percentages in zone viI too. According
to WATERBOLK (1954), these pollen grains would be derived from Artemisia campestris,
which would occur in open sites in the forests. However, since Artemisia campestris
is a species belonging to the Festuco-Brometae, the presence of this species in a wooded
region is improbable. Anyhow, the occurrence of pollen grains of some species of
Artemisia already before zone vin may indicate the presence of man in zone vu
(compare also page 103).

3. Rumex acetosella

Rumex acetosella occurs especially in the Corynsphoretalia. The species may reach
dominance in abandoned fields (SissingH, 1950; ScumiTz, 1952). According to
SissingH (1950) it occurs mainly on abandoned fields occupied by the Scleranthion
(Secalinetalia), less often on those occupied by associations belonging to the Cheno-
podietalia. At any rate Rumex acetosella may be regarded as an indicator of agriculture,

4. Chenopodiaceae

According to SwissingH (1950) and BucewaLb and Losert (1953) several rep-
resentatives of the Chenopodiaceae occur in the weed associations that have been
brought together in the Chenopodietalia and which accompanies the root-crop cul-
tures. For this reason the occurrence of the pollen grains of the Chenopodiaceae
indicates the cultivation of root-crops. At the same conclusion arrives STRAKA
(1952).

5. Plantago

Plantago lanceolata is, according to IVERSEN (1941, 1949), the main indicator of
human occupation. The plant occurs in the Molinio-Arrhenatherae (OBERDORFER,
1949, 1957), the (dunged) hay fields and meadows. Pollen grains of Plantage major
have been found in a small number in zone v (see also page 85).

6. Asteraceae

According to STRAKA (1952), especially the Asteraceae liguliflorae are important
indicators of human occupation. Indeed, we find these plants in the Secalinctalia
(Matricaria chamonilla and Anthemis arvensis) and in the Chenopodietalia (Chrysanthemum
segetum). In our diagrams, especially at BRO, the Asteraceae reach high percentages.

7. Poaceae

A high percentage of the Poaceac and a diagram which proves that the forests
must have been more or less open, indicate the presence of man (Fireas, 1934).
However, it is possible that the high percentages of the Poaceae found in the Carex
peat at BRO and Ri are due to the presence of these plants in the bog itself. However,
on account of the small size of these bogs, we suppose that at least part of the pollen
grains of the Poaceae were derived from outside the bog. In the large bog of L.F.
too, Poaceae may have been present, since in the communities occurring in this bog
viz. the Betulion and the Saliceto-Franguletum, Molinia and other grasses are present.
However, for the same reason as explained for Calluna (maxima of Calluna, of the
Poaceae and of Corylus at the same time; cf. page 32) we suppose that the greater
part of the pollen grains of the Poaceac were derived from outside the bog.

8. Calluna

Only at L.F. Calluna reaches high percentages. As we have seen already (page 32).
Calluna was probably part of the vegetation outside the bog. In the loess district
Calluna did not occur due to the rich character of the soil. '

9. Helianthemum

Helianthemum, occurring in the diagrams of Ri and Co 2, is, according to STRAKA
(1952), an indicator for dry mats on alkaline soils. The species is nowadays present
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in the Mesobromion (also in South Limburg) and in the Xerobromion (OBERDORFER,
1957). It is not impossible that, on account of the human activities, the Mesobromion
was present already in zone v A rise of Helianthemum after a clearing, has been
reported by MIkkeLseN (1954). However, it may be that Mikkelsen was dealing
with other species.

10. Hippophae

Pollen grains of Hippophae have been found in the samples of Ri. At present the
species occurs especially in the Hippophaeto-Salicetum and in the Hippophaeto-Ligustretum
"Sambuco-Berberidion) both associations found on calcareous sands in the dune- and
wadden district in the Netherlands. It is improbable that Hippophae occurred in
South Limburg in dune associations. The behaviour of Hippophae in South Limburg
may have shown more resemblance with the occurrence of this plant in Central
Europe. According to Gams (1943), in a continental climate grazing of cattle may
result in the development of an artificial steppe in which Hippophae is well represented.
At present we find in South Limburg the Sambuco-Ligustretum (Berberidion), an associa-
tion which is closely related to the dune associations in which Hippophae occurs, and
Hippophae may have been present in this association. Thus we find in zone vin the
first indication of the presence of the Prunetalia spinosae, a group of associations
whose development certainly is highly influenced by man. As mentioned, the
Mesobromion may be present as well in zone vt (cf. Helianthemum). For the relation
between the Mesobromion and the Prunetalia, we refer to page 15.

11. Brassicaceae

According to TrauTMANN (1957), the Brassicaceae too must be regarded as
indicators of human occupation. At L.F., Co and Vo it is not probable that the
Brassicaceae were constituents of the vegetation of the bog itself. At least in the
Thelypterideto- Alnetum we do not find Brassicaceae (VAN Dijk, 1955). Brassicaceae,
however, are present in the Cariceto elongatae-Alnetum and in some associations of
the Ainion incanae (Maas, 1959). As the local vegetation of the small bogs must
be regarded as belonging to the Alnion incanae or shows at least some resemblance
to this suballiance, the possibility that Brassicaceae may have belonged to the
vegetation of the bog itself, can not be excluded.

12.  Polygonum persicaria

Pollen grains of Polygonum persicaria have been found at Ri and BRO. This species
indicates cultivation of root-crops (Chenopodietalia, cf. Sissingh, 1950).

13. Polygala

Pollen grains of Polygala (vulgaris?) have been found at Ri. The species is abundant
in the Molinio-Arrhenatesae (OBERDORFER, 1949).

THE BEHAVIOUR OF THE TREES

Originally, a fall of Ulmus and Hedera and a rise of Fraxinus at the
transition between zone vi and zone vi was ascribed by IVERSEN
(1941) to a change in the climate. In 1944 Iversen arrived at the
conclusion that the winter temperature, as indicated by the presence
of Ilex, Hedera and Viscum had decreased with 2° to 3° C. According to
FirBas (1949), the summer temperature decreased with 2° to 3° C
as well. A short distance upwards in the diagrams of Iversen typical
signs of the settling of man appear. Iversen described three stages in
the development induced by man:

1. An increase of the N.A.P. including that of indicators of human
occupation.
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2. The percentages of the pollen grains indicating human occupation
reach their maximum. The wood begins to regenerate, as is proved
by a maximum of Betula followed by a maximum of Corylus.

3. The percentages of the pollen grains indicating human occupation
decrease. Recovery of the type of forest that was present before
the disturbance, though Corylus still remains high. In Denmark
the ultimate clearing not followed by a regeneration of the forests,
did not take place before the end of zone vir.

In our diagrams the same phenomena are noticeable, though on
another scale. The course of the curves is a smooth one, indicating
that we are dealing with a series of settlements. As we will see, no
complete regeneration of the forest did take place. For this reason
the three stages of Iversen are not clearly distinguishable. The pioneer
vegetation and the vegetation during the occupation itself are present
at the same time.

Corylus and Betula

In all the diagrams constructed for our region the rise of Corylus is
recognizable. Betula is less typical. We certainly find at L.F. a Betula
maximum before the Corylus maximum, but we have to take into
account that at L.F. Betula may have belonged to the vegetation of
the bog itself. However, there is a possibility that part of the pollen
grains of Betula (Betula verrucosa) is derived from a pioneer vegetation
that developed after a clearing, because Leiffenderven is situated
outside the loess district. At BRO Betula remains low, whereas at Ri
it increases but only after the time at which Corylus reached its maximum
values. The explanation probably is that the bogs of Ri and BRO are
situated in the loess district. According to SCHWICKERATH (1944, 1954),
Corylus is present on more or less alkaline soils in the degeneration
stage (“Riickentwicklung”) of the vegetation i.e. in woods belonging
to the Querceto-Carpinetum or to the Alno-Ulmion. Corylus never is present
in the woods or regions with an acid soil (Quercion-roboris-petracae). In
the latter kind of region Betula is a pioneer appearing after a clearing.
According to Ko1e (1951), in Denmark for a good growth of Corylus
the percentage of the silt fraction must be more than 16 9%,. Indeed,
the silt percentage of the loess exceeds 16 %, (Jonemans, KruL and
Vos, 1941: silt percentage of the loess is 27 9,).

The rise of Betula at Ri is perhaps due to a poverishment of the
soil or to a proceeding denudation along the slopes, which exposes
the sands belonging to the terraces.

It is quite well possible that at Ri sand was present on the slopes,
because we find here a fairly high percentage of Hippophae, which
according to OBERDORFER (1949) and Gawms (1943), is an indicator
of sandy soils (cf. page 73).

Alnus

Special attention must be paid to Alnus. In several regions Alnus
rises (Denmark: JEssEN, 1938; IVErseN, 1941; Eiffel: HumMmeL, 1949;
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STRAKA, 1952; Peel: Esnurs, 1946; Ireland: JessEN, 1949), or remains
constant (northern Netherlands: Van Zewst, 1955; Hautes-Fagnes:
Persch, 1950). According to MIKKELSEN (1954) the rise of Alnus is
due to the fact that Alnus and Betula are now growing on the cleared
areas where originally Quercus occurred. FirBas (1949) takes into
account that the precipitation may have decreased or increased; a
decrease may have taken place because Alnus now occurs on soils
which previously were too wet. For the same reason Quercus may
have decreased.

In contrast to the authors mentioned above we find in our diagrams
a steep fall of the Alnus percentage at the beginning of zone vim or
somewhat later. At L.F. the fall of Alnus may easily be explained by
the acidification of the soil induced by the local vegetation; this would
have made it impossible for Alnus to maintain itself in the bog. On the
other hand, it should be realized, that Alnus decreases at BRO, Ri
and Vo as well, though no signs of an acidification are found here.
"The fall of Alnus at BRO and Riis evidently related to the development
of the vegetation of the bog from an Alnetum into one of the commu-
nities of the Magnocaricion.

According to VAN Zest (1960), who observed at Sittard (South
Limburg) the same fall of Alnus, the Carex peat is the reflexion of a
natural vegetation which arose by a deterioration of the climate at
the transition between zone vt and zone v This natural vegetation,
a kind of grassland, might have been used by the domestic animals
of prehistoric man for grazing.

It is also possible that the grasslands were the direct result of human
activity. A slight indication for this assumption is present at BRO,
where first indicators of human occupation appear and where later
on the vegetation of the bog itself undergoes a change. A deterioration
of the climate and human interference may also have acted simul-
taneously.

Gopwin (1949) too observed in his diagrams a fall of Alnus, but he
is of opinion that this fall is too large to be ascribed entirely to the
influence of man. This may be true in England, but in our region it
is not impossible to explain the behaviour of Alnus as due to human
influence. As mentioned before in South Limburg Alnus was restricted
to the valleys (Alnion glutinosae and Alnion incanae), which are very
vulnerable to human interference. Moreover, the extent of the bogs
is small.

For that reason it can not have been difficult to clear the Alneta,
even in prehistoric times. According to PFAFFENBERG (1952), who also
investigated a small bog, grazing of cattle in an Alnus wood is sufficient
to cause a decline of the Alnus percentage in the diagram.

A fall of the Alnus percentage in zone v is also present in the loess
region of Koln (NieTscr, 1940) and in Belgium (VANHOORNE, 1951;
StockmaNs and VANHOORNE, 1941).

However, as these authors do not draw the curves of the herbs, it
is not possible to connect this fall with human activities. A fall of Alnus
at the beginning of prehistoric agriculture, has been demonstrated by
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STEINBERG (1944). In the Eiffel (STrAKA, 1952) Alnus shows a slight
decrease in zone x (O.S.). However, indicators of human occupation
appear already in zone x (O.S.).

The difference with regions where Alnus rises is probably due to
the fact that Alnus is confined to the bottom of the valleys and does
not occur on the slopes.

Alnus probably suffered from selective felling in the valleys. In
Ireland, where the Alnus percentage rises, Alnus does not only occur
along the rivers, but in the woods as well (Jessen, 1949); the same
holds for the lower parts of the Netherlands.

The behaviour of Alnus strongly resembles the general fall of this
tree in western Europe at the end of zone x (FirBas, 1949). The fact
that already in zone vit Alnus reacts heavily upon human influence,
may be due on the one side to the vulnerable position of the stands,
on the other side to the density of the human population. According
to WATERBOLK (1954), the percentage reached by Plantago lanceolata
in the neighbourhood of a settlement is about 3 %,. The fact that at
Ri Plantago lanceolata reaches 3 9%, and that at BRO the percentage
sometimesis 7 %, indicates therefore that human influence is extremely
high. This is in agreement with the fact that at BRO the percentages
of the cereals are high compared with those in other regions. Further-
more we draw attention to the fact that at Ri the highest percentages
reached by the indicators of civilisation coincide with a low Alnus
percentage.

According to a calculation made by VAN ZE1st (1959a) on the base
of the long-distance transport of Pinus pollen, near Sittard (South
Limburg) about 2/3-3/4 of the forests in the neighbourhood must
have been cleared.

A rise of Alnus in small bogs found in other regions (HumMEL, 1949;
STrAKA, 1952) need not be due to a possible occurrence of Alnus
outside the valleys, but it may be caused by the circumstance that
the influence of the human occupation was here lower than it was in
South Limburg. Indeed, in the Eiffel the bogs are situated outside
the valleys in stations which are less favourable for human occupation
than the valleys itself. For that reason Alnus may here have taken part
in the regeneration of the vegetation.

Especially when the diagram reflects the change in a vegetation
which covered a large stretch of country, e.g. the changes which took
place in the diagram from a raised bog, the chance that the percentage
of Alnus pollen may show an increase will be greater, as this tree may
have been part of the vegetation in the period of regeneration.

In chapter IX we will return to the question of the influence of
human interference.

Quercus

We regard the rise of Quercus too as a result of human influence.
In Denmark, during the period of land occupation Quercus decreased,
but in the regeneration phase Quercus rose once more. The same
pattern is visible at BRO. Moreover, on account of the fact that the
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landscape is now more open, the long-distance pollen transport from
Quercus trees occurring in the woods on the plateaus is intensified.
A rise of Quercus during zone viir has been observed in many other
regions (AVERDIECK, 1957; OVERBECK and SCHNEIDER, 1938; STRAKA,
1952; a.0.). According to FirBas (1949), already in prehistoric times
the increase of Qnercus must have been favoured by man.

Pinus

An intensified long-distance transport plays a very important part
in the case of Pinus. At BRO, Ri and Vo where the forests in the
neighbourhood were cleared, Pinus therefore shows important percent-
ages. An increase of Pinus on account of a decreasing density of the
forests in the vicinity due to clearing, has been registered in many
regions (HumMEL, 1949; PraFFENBERG, 1947). However, we have also
take into account that this tree has enlarged its area. According to
Rusner (1925) and BucawaLp (1951), Pinus grows on every type of
soil, but 1n the competition with other trees it is always inferior on
account of its extreme photophilous character and its bad reproduction.

Tilia and Ulmus

The behaviour of the curves of Ulmus and Tilia is interesting. We
have seen already that originally the fall of Ulmus was ascribed to a
change in the climate. FAEGRI (1944), however, is of opinion that the
fall of Ulmus is due to the influence of man. According to Faegri,
leaves of Ulmus were used as winter fodder for cattle. Recently VAN
ZE1st (1959) discussed the behaviour of Ulmus in relation to Fraxinus,
and came to the conclusion that in the Netherlands the fall of Ulmus
can not be climatologically conditioned. Van Zeist and TROELs-
Smrra (1955) adopt the opinion of Faegri that the fall of Ulmus is due
to human activities, even when the influence of man is low.

The fall of Tilia has been ascribed by WarerBoLk (1954) to a
decrease of the summer temperature. However, according to VAN
Zgist (1959), the fall of Tilia too must be due to human influence,
as in the Netherlands both Ulmus and Tilia are decreasing at the
transition between zone vir and zone vir. If we accept the supposition
of Van Zeist, we arrive at an interesting result. According to BGKER
(1939) and ELLENBERG (1937), settlements are established by prefer-
ence in the area occupied by Alno-Ulmion associations. This preference
is not restricted to recent times. ScHMITHUSEN (1958) describes a
neolithic settlement near Karlsruhe (Germany) which is situated at
the margin of a valley. In South Limburg the bandceramic sites are
found in similar sites (MoDDERMAN, 1959). As we have mentioned
already in our discussion of zone vn, Tilia cordata occurs especially
in the Alno-Ulmion. In consequence of this, it is evident that in case
of human activities especially Tilia must be affected. The decline of
Tilia, therefore, may be due to human influence. In that case the steep
fall of Tilia would indicate once more that the influence of man may
be very strong. Indeed, above the layer of loam which is present at
BRO and Ri Tlia falls to very low percentages. Its curve is interrupted
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now. A regeneration like that found in Denmark did not take place.
Already before the transition between zone v and zone IX the
continuity of the Tilia curve ceases.

The fall of Tilia (and of Ulmus) at the transition between zone vi
and zone vim is present throughout western Europe, but the fall is
usually not steep. Often we find a continuous Tilia curve up to the
beginning of zone 1x (WATERBOLK, 1954; FirBas, 1949). This is
doubtless partly due to the great extent of the investigated bogs
whose pollen diagrams reflect the character of a vegetation covering
a much larger stretch of country, so e.g. in the nothern Netherlands
and north-western Germany. Therefore, when Tilia was spared in
these areas, this would find its expression in the continuity of the
curve. On the other hand, a less steep fall of Tilia may be present in
small bogs as well (PFAFFENBERG, 1952; VAN OYE and FLoORscHiTZ,
1946; Nietsch, 1940; HumMmeL, 1949; STEINBERG, 1944; MIKKELSEN,
1954). Perhaps the explanation is that human influence was less strong
here (low percentages of indicators of human occupation) or was
lacking. In the Hautes-Fagnes (Persch, 1950) indicators of human
occupation do not appear before zone 1x, and for this reason the
Tilia curve decreases but gradually up to this boundary line. In the
diagrams constructed for the Peel no indicators of human occupation
are present and this may be the reason why Esturs (1946) was unable
to find the transition between zone vir and zone vim.

In contrast to Drenthe (VAN Zeist, 1959), where Tilia recovers
after the first period of land occupation, in South Limburg a regenera-
tion of Tilia is everywhere absent. Van Zeist discussed the possikility
that there might be a relation between the degree of humidity (OVER-
BECK, 1952), and the extent to which the soil is leached on the one
hand, and the behaviour of Tilia on the other. In our region the in-
fluence of man is so strong that it seems excluded that a climatological
effect would become noticeable. Leaching of the soil is out of the
question in the loess and the cretaceous district in South Limburg.

In the Eiffel, apart from a less strong human influence, another
factor which may be responsible for a more gradual decrease of Tilia
may be that we are dealing here with Tilia platyphyllos (cf. page 68).
The slower fall of Tilia platyphylios, therefore, may be due here to the
increase of Fagus, which as mentioned, occurs outside the valleys,
and as Fagus increases but slowly, Tilia too decreases slowly.

Fagus

We mentioned already that in the valleys a fairly large area must
have been cleared. However, the behaviour of the Fagus curve shows
that the clearings did not occur on such a large scale as was usual in
medieval times. In our diagrams we observe together with the fall of
Tilia a continuous increase of Fagus. The increase of Fagus is not
spurious, i.e. it is not caused by the decrease of Alnus, for if we remove
Alnus from the tree-pollen sum, the Fagus increase remains distinct
As Fagus does not belong to the Alno-Ulmion, we suppose that the
clearings did not extend to the upper part of the slopes and to the
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plateaus. We draw attention to the fact that at BRO, where we
observed the strongest influence of man, Fagus shows a decrease just
below the layer of loam. This slight fall of Fagus may perhaps be due
to a somewhat more extensive clearing on the slopes. However, above
the loamy layer Fagus starts with a higher percentage.

Carpinus

Carpinus is present already in zone v, but its curve is not yet
continuous. Only at L.F. we find, in agreement with Straka (1952),
a continuous Carpinus curve in the upper part of the zone. We will
return to the question of Carpinus in our discussion of zone Ix.

At Ri and BRO the peat in zone vin is partly loamy. Moreover,
we find in zone vin a gap in the peat stratigraphy which is entirely
filled by a layer of loam which does not contain pollen grains. Gener-
ally in a cleared area the erosion is intensified. It is, therefore, highly
probable that this gap has something to do with the clearings. Ac-
cording to NATERMAN (1939) and HEmpEL (1956), in Germany the
colluvial layers were deposited in medieval times. ReicHELT (1953),
however, comes to the conclusion that the possibility that colluvial
layers have been deposited already in the bronze age, is not excluded.
It is, of course, only in a bog possible to observe such an older layer
of colluvial material. Outside the peat the layer must be present as
well, but is not possible to distinguish it from the much younger
layers deposited in the middle ages.

The presence of colluvial material from pre-medieval times is in
agreement with the findings of STEINBERG (1944), who observed in
zone vin a higher content of minerogenous matter. In the region
around Sittard VAN Zgist (1959a) did not observe a gap in the peat
stratigraphy. However, the result of two radiocarbon datings made in
peat samples collected at Sittard shows that the presence of a gap is
by no means excluded. At L.F. we do not find any trace of loam or
clay in zone v, probably owing to the fact that this larger bog was
not influenced by the erosion, taken place in the surrounding area.
However, at L.F. 2 (margin of the bog) above zone vi a sand layer
is present. : '

At Vo and Co the development of peat stops soon after the transition
between zone virand zone vir; above this level a thick layer of loam
is deposited.

We do not find in our diagrams indications for a decrease of the
winter temperature (IVERSEN, 1944). In contrast to Denmark and
Ireland (Jessen, 1949), we find in the Netherlands (WATERBOLK,
1954; Van Zkist, 1955) and in Norway (FAEGR1, 1944) a fall of Ulmus
at the time that Plantago lanceolata makes its appearance. The same
holds for South Limburg, where Tilia falls at the rise of Plantago
lanceolata. Moreover, pollen of Hedera, one of Iversens indicators of
colder winters, has been found very scarcely in South Limburg. The
number of pollen grains used for the tree-pollen sum was certainly
too low to allow an exact registration of the behaviour of Hedera.
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‘The general feature of zone vin is therefore a strong influence of
man on the Alno-Ulmion, by which Alnus, Tilia and Ulmus decrease,
and Corylus and Quercus increase. Outside the valleys no clearing took
place, except perhaps at BRO, where a slight fall of Fagus was observed
which may be ascribed to a somewhat more extensive felling on
the slopes.

Viscum which was present in zone v1 and zone vi disappeared almost completely.
This is perhaps an indication for a slight deterioration of the climate,

Zone IX

Zone 1x is characterized by the dominance of Fagus, a decrease of
Corylus and a rise of Alnus. In contrast to the preceding zone, the
percentages of the herbs, including indicators of human occupation,
are low. They often decrease to zero. Due to the strongly decreasing
activity of man, the forest now regenerates, but its character has
changed.

In our diagrams Fagus may show two peaks (F 1 and F 2). During
the I 2 Fagus usually reaches its highest percentages. It is obvious that
these percentages are no fully reliable measure for the frequency of
the tree, as they are highly dependent upon the percentage reached by
the pollen of the trees belonging to the vegetation of the bog itself.
Therefore we have to consider the percentages of Fagus in relation
to those of trees which occur on the same site. BuchwaLD and LoseErT
(1953) and TrAuTMANN (1957), therefore judge the importance of
Fagus in relation to that of Quercus, which in South Limburg too occurs
together with Fagus on the upper part of the slopes and on the plateaus.
During the F1 and the F2 Fagus shows a higher percentage than
Quercus (Table 2).

TaBLE 2
Ratio between the pollen of Fagus and of Quercus in zone x and zone x
Zone L.F. BRO | Nuth Ri A
X 1.0:2.7 1.0:4.8 1.0:4.3 1.0:3.1 1.0:5.0
F2 3.0:1.0 1.7:1.0 3.0:1.0 1.6:1.0 1.9:1.0
F1-F2 1.0:1.5 1.0:4.0 1.0:2.5 1.0:1.6 1.0:1.5
F1 1.0:1.1 1.3:1.0 — 1.3:1.0 —_

However, the real ratio Fagus : Quercus in the vegetation is not the
same as that between the pollen percentages. According to PoHL
(1937), the pollen production of Fagus is less than that of Quercus
(Fagus : Quercus = 1:1.56). Moreover, the rate at which the pollen
grains of Fagus sink down is higher than it is with the Quercus pollen.
'The dispersal of the pollen grains of Fagus, therefore, is bad (Lo,
1947; Firpas, 1949). JonassEn (1950) found that already within a
few hundred meter from a Fagus wood the percentages of the Fagus
pollen are decreasing strongly. According to STEINBERG (1944), the
percentages of Fagus should be multiplied by a figure in the neigh-
bourhood of 7. The forests on the upper part of the slopes, therefore,



LATEGLACIAL AND POSTGLACIAL VEGETATION OF SOUTH LIMBURG 81

must have been real Fagus forests, in which Quercus only played a
minor rble. The real ratio is still more in favour of Fagus, because at
least part of the pollen grains of Quercus must have originated from the
Alno-Ulmion, in which Fagus does not occur. According to TRAUTMANN
(1957), the pollen grains of Quercus originated indeed from the Querceto-
Carpinetum filipenduletosum (cf. Pruneto-Fraxinetum).

The diagrams always show a significant F2. The F1 is clearly
recognizable only at Ri. At L.F. the decrease of Fagus after the F 1
may be caused by an increase of Betula, whereas at BRO the decrease
of Fagus after the F1 may be due to the rise of Alnus. Anyhow, the
increase of Quercus indicates that between the F 1 and the F 2 the ratio
Fagus : Quercus has been shifted in favour of Quercus. We will return to
Fagus in chapter v

In contrast to the upper parts of the slopes, where Fagus continued
to increase, the decreasing activity of man was reflected much more
clearly in the Alno-Ulmion zone and in the vegetation of the bog.
At Ri, Nuth and BRO the vegetation of the bog was transformed
again into an Alnus wood. Alnus reached in these bogs very high
percentages (80 %). At L.F. too we find at the beginning of the zone
a rise of Alnus, but here Alnus does not exceed 50 9. The difference
may be explained by the fact that at L.F. Alnus was not a component
of the vegetation of the bog itself, which was a Rhynchosporion. At L.F.
Alnus occurred only in the narrow Alno-Ulmion (Alnion incanae) zone
along the margin of the bog. As mentioned before, a rise of Alnus in
the regeneration phase following a period in which the area was
inhabited has been described already by IVErsen (1941). The differ-
ence between Denmark and our region is that here Alnus does not
regenerate before zone 1x on account of the long lasting and stronger
activity of man in zone vir. A rise of Alnus after a period of occupation
but below zone 1x, is present near Kéln (NieTscH, 1940) and in the
Eiffel (STrAKkA, 1952). _ ‘

Special attention must be paid to Carpinus and Quercus. Carpinus
occurs especially in the Carpinion. Surface samples taken from regions
where the Querceto-Carpinetum is abundant, indicate that Carpinus must
be highly underrepresented in the pollen diagram (LiUpr, 1947;
STrRAKA, 1952; OBERDORFER, 1936-1937). These findings are in
agreement with the fact that the upper spectra of our diagrams
always show a very low percentage of Carpinus, although the Querceto-
Carpinetum is well represented in South Limburg.

Several explanations have been given for this phenomenon.

1. According to BucakwarLp and Losert (1953) and JoNASSEN
(1950), the dispersal of pollen grains of Carpinus in a forest region is low.

2. Recent surface samples indicate that the percentage of Carpinus
found outside the pollination time, is low (OBERDORFER, 1936-1937).

3. Traurmann (1957) supposes that a low Carpinus percentage is
related to a special character of the peat. In Alnus peat Carpinus
pollen should decay more rapidly than in Befula peat. For South
Limburg the supposition of Trautmann is improbable. The highest
percentages of Carpinus are often found in Alnus peat (Nuth, BRO).
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4. StrAKA (1952) suggests that the rdle of Carpinus in the Querceto-
Carpinetum is overestimated.

FirBas (1951, 1954) draws attention to the fact that in many dia-
grams Carpinus reaches its highest percentages just before the forest
is cleared (STEINBERG, 1944; PERscH, 1950; HumMEL, 1949; OVERBECK
and ScHNEIDER, 1938; MULLER, 1953; MIKKELSEN, 1954). The dia-
grams of STraka (1952), show two Carpinus peaks just before the peaks
of the cereals. The same phenomenon is present in South Limburg,
where we find the maximum values of Carpinus just before the ultimate
clearing of zone X. It looks therefore as if the increase of Carpinus is
related to the activity of man. However, the Carpinus maximum is
usually reached at a time at which human influence has diminished.
An increasing activity of man in zone x usually results in a steep fall
of the Carpinus curve. The influence of man has apparently a depressing
effect upon Carpinus. FirBas (1954), therefore, supposes that the rise
of Carpinus in zone 1x is due to a possibly slow alteration of the
climate. A change of the climate is certainly not excluded because
according to FirBas (1954), an alteration of the climate actually took
place between the 14th and the 17th century. A favourable effect
of man upon Carpinus has been reported by MULLER (1947). Miiller
observed a rise of Carpinus which was accompanied by the presence
of indicators of habitation. It seems to us that the contradiction
between the findings of Miiller and those of other investigators is due
to differences in the measure in which man influenced the vegetation.
We find a fall of Carpinus at the transition between zone 1x and zone X,
the time at which the large scale clearing of the forests began. On the
other hand, in the diagram of Miiller where Carpinus rises in the
periods of habitation, the influence of man on the vegetation was but
slight; Plantago, Rumex, Artemisia and Chenopodiaceae showing very
low percentages; Corylus, Alnus and Betula do not show any relation
with human occupation. It seems, therefore, probable that the increase
of Carpinus is due to the presence of a people which for some reason
scarcely influenced the composition of the vegetation. If we assume
that in South Limburg a similar people was present in zone IX it is
comprehensible that Carpinus increased. Indeed, we find in our region
in zone 1x a strongly decreasing activity of man, but the presence of
cereals (now of the Secale type) indicates that man was certainly not
absent. The strong decrease of the human activity appears from the
very low percentages of the cereals. The curve of the cereals is often
interrupted. We have to draw attention to the fact that at Anselerbeek,
in contrast to the other diagrams, the cereals and the N.A.P. reach an
unusual high percentage in the Fagus time and in conformity with
this at Anselerbeek the percentages of Carpinus are low. The rise of
Carpinus is in agreement with the view of the phytosociologists that
when trees are cut down in a forest on rich soil, Carpinus rises on account
of its faculty to regenerate from the stem stumps (BURRICHTER, 1953;
Hesmer, 1932; OBErRDORFER, 1949). Moreover, recent phytosociol-
ogical works indicates that the Querceto-Carpinetum itself is to some
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extent an anthropogenic community (Doing KrRAFT and WESTHOFF,
1959). '

As) Carpinus is present especially in the Carpinion, we suggest that
the latter must have been present between the Fagus zone and the
Alno-Ulmion zone. The recent phytosociological view that in our region
the Querceto-Carpinetum is no climatological climax but an association
that is to a large extent dependent upon the presence of man (see
chapter vm), is in agreement with our findings, and it is therefore
comprehensible that Carpinus will have reached its maximum just
before the end of zone IX. It is not necessary to assume that the
Querceto-Carpinetum remained confined to a zone along the slopes.
Where man exercises his influence on the forests (and this applies to
the Fagus forests on the plateaus too) a Querceto-Carpinetum may arise
(Doine Krarr and WestHoOFF, 1959). However, the presence of an
anther of Fagus in zone 1x at Nuth (140 cm) proves that Fagus was
certainly not absent in the immediate vicinity of the bog.

We mentioned already that Carpinus appears in zone vir. This
means that in our region Carpinus was never withdrawn from the
influence of man. In many regions (VAN Zeist, 1955; STrRAKA, 1952;
HummeL, 1949; MULLER, 1953), the continuous part of the Carpinus
curve starts in the upper part of zone vm (zone x: O.S.). In our
diagrams a Carpinus curve which is continuous in zone vim is present
only at L.F. This is perhaps due to the fact that at L.F. the human
influence is less pronounced than at BRO and Ri. At BRO and Ri
the strong activity of man (clearing of the Alno-Ulmion zone and
possibly a clearing of the Carpinion zone as well) prevented the develop-
ment of Carpinus. It is not impossible that a Querceto-Carpinetum was
present even on the colluvial soils. We mentioned already that the
Querceto-Carpinetum may arise from the Alno-Ulmion by a proceeding
maturing of the soil in which a differentiation has been developed.
The clearing of the Alno-Ulmion zone (Tilia) by man may result
therefore in more favourable conditions for the establishment of
Carpinus. The rise of Quercus in zone vin may partly be due to the
same cause. The relation Carpinus-man is clearly demonstrated in the
Hautes-Fagnes (Persch, 1950; FrorscHiTz and Van OvE, 1939).
In the Hautes-Fagnes we do not find any trace of man before the F 1.
The curve of Carpinus, therefore, is not continuous before that horizon.

The final breakdown of Carpinus took place at the transition between
zone 1xX and zone X. In zone x Carpinusfalls on account of the substitution
of the Querceto-Carpinetum by orchards and fields.

It appears from our considerations that between Carpinus and Fagus
no correlation is present. The position of the Carpinus maxima varies
from region toregion. Inregionswhere the F 2is the last Fagus maximum
before the increasing activity of man, Carpinus is high at the F2
(Eiffel, South Limburg). The Carpinus maximum coincides on the
other hand, with the F 3 in regions where man makes its appearance
at a much later date (Hautes-Fagnes: PerscH, 1950; Achterhoek:
DanieLs, 1961).

In zone 1x the Tilia curve remains low and interrupted. From what
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has been said in our discussion of Carpinus, it will be evident that the
regeneration of Tilia may be prevented by the activity of man. Apart
from climatological reasons, the decrease of the activity of man is
therefore not sufficient for a recovery of Tilia. Alnus however, reacts
momentarily. This may be explained by the fact that Alnus regenerates
much more easily from stumps (IVERSEN, 1941). Moreover, apart from
Leiffenderven the local vegetation in zone 1x is again an Alnus forest
which does not contain Ti/ia. Still at Anselerbeek we find during the
Fagus time a continuous Tilia curve. As zone vin, in which the influence
of man is, as a rule clearly recognizable, is lacking here, we do not
know whether we are dealing with a regeneration or with a possible
absence of human interference in zone vir. In the diagram given by
STEINBERG (1944) Tilia is in zone 1x represented by a higher percent-
age too.

Ulmus too does not regenerate easily from stumps and, therefore,
Ulmus always shows very low percentages in our diagrams.

In agreement with the results obtained elsewhere in eastern Europe
(FirBAS, 1949), Corylus decreases strongly in zone 1x. According to
Firbas, the decrease of Corylus may be ascribed either to a proceeding
degeneration of the soil or to a decrease of the precipitation. In
South Limburg the former explanation is out of the question. In our
diagrams (L.F., Nuth and BRO) later on Corylus often rises and this
would not occur if the soil has been leached out. A change in the
precipitation is quite well possible. Moreover, it seems to us that the
decrease of Corylus is causally connected with the rise of Fagus. Fagus
does not tolerate Corylus which has a high light requirement. In this
way the fall of Corylus is indirectly connected with the decreasing
activity of man. We find this relation to Fagus at A, Nuth and Ri,
where Corylus shows a maximum between the F1 and the F2; when
Fagus decreases, Corylus rises.

Zone X

Zone X is characterized by a renewed increase of human influence.

As indicators of the latter the same species were found in the samples as were
present in zone vim. We mention Chenopodiaceae (Ri, BRO, Nuth, Ra, W, Gr,
A, L.F.), Artemisia (Ri, Gr, A, L.F.), Rumex acetosella (Ri, Gr, A), Asteraceae liguli-
florae (Ri, L.F., BRO, Nuth, W, Gr, A), Poaceae (Ri, BRO, Nuth, Ra, W, Gr, A),
Brassicaceae (BRO, Ra, W, B, Gr, A), Polygonum persicaria (Ri, L.F., BRO), Heli-
anthemum (A, B), Hippophae (B, R1), and Polygala (Gr, B).

The percentages of the cereals (Secale type) rise, and often reach high values
(BRO, B, Gr, A, Ri, L.F.). Plantago lanceolata is present once more but its percentages
are often (BRO, Nuth, Ri, L.F., Gr, Ra) lower than in zone viu. This may indicate
that at this stage agriculture becomes more important than stock raising.

In addition to these species we found a number of species which were not present
in zone vim:

1. Centaurea cyanus

Pollen grains of Centaurea cyanus have been found at Gr, A, Ra, BRO, Nuth,
Ri, L.F., B. According to Swssingu (1950), this species indicates the presence
of the Secalinetalia. Also in Denmark was observed that Centaurea cyanus does
not occur before zone x (MIKKELSEN, 1954).
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2. Plantago major
At Gr, Nuth and B we found pollen grains of this species. Plantago major is a
companion of man (OBERDORFER, 1949). The species is best represented in the
Plantaginetalia.

3. Polygonum aviculare (A)

Polygonum aviculare is abundant in several weed associations, especially in the
Plantaginetalia (SissiNcH, 1950).

4. Sanguisorba minor (Gr, A)
Sanguisorba minor is characteristic for the Festuco-Brometae, and occurs especially
in the Mesobrometum (OBERDORFER, 1949). For that reason the occurrence of
pollen grains of this species may indicate a clearing of the forests on the loess
and the use of the cleared areas for grazing.

5. Sanguisorba officinalis

According to OBERDORFER (1949), this species occurs in the Molinietalia (Molinion
and Calthion), and the occurrence of pollen grains of this species at' B and Ri
therefore indicates the presence of hayfields.

6. Ligustrum (Gr)
Ligustrum is abundant in the Berberidion (VAN LEEUWEN and Doring Krarr, 1959)
and its occurrence may indicate, therefore, a degradation of woods belonging
to the Carpinion or to the Alno-Ulmion.

In comparison to zone vmi, the clearing took place on a much
larger scale. Fagus, which occurred in zone 1x, on the upper part of
the slopes and on the plateaus, shows in the diagrams a steep fall,
due to the transformation of the Fagus forests into arable land. Up to
recent times the Fagus percentage remains low, except at Anselerbeek
where a temporary Fagus maximum is present in zone X.

The rise of the N.A.P. indicates that the forests were cleared.
According to FirBas (1934) and Jonassen (1950), we find a clear
distinction between bogs situated in a wood (low percentage of N.A.P.:
Ra) and bogs situated in a cleared area (high percentage of N.A.P.:
Gr, B, A, BRO). :

Together with Fagus, Carpinus runs down owing to the large-scale
transformation of the Querceto-Carpinetum into orchards and fields. In
our diagrams Fagus and Carpinus are mainly replaced by Quercus and
Corylus. Table 2 shows the changed relation between Fagus and
Quercus (p. 80). In the lower part of zone X (zone xa) Quercus is the
tree which reaches, at least if Alnus is left out of consideration, the
highest percentages. The Quercus maximum is most pronounced in
the small bogs, because here the distance between the Quercus zone and
the bog is but small. The Quercus maximum is less clear at L.F., but
if we remove Alnus from the tree-pollen sum the Quercus maximum
becomes visible too. The relation between the quantity of Quercus
in the diagram and the size of the bog was demonstrated earlier by
PrarFENBERG (1952) in north-western Germany.

The rise of Quercus and of the N.A.P. and the fall of Fagus is a
generally observed phenomenon in western Europe (FirBas, 1949;
STRAKA, 1952; HumMEL, 1949; NieTscH, 1940; etc.), though the fall
of Fagus is not always a steep one. In the Eiffel (HummeL, 1949)
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Fagus remains an important component of the vegetation (compare
Wolffsheid). According to several authors (SELLE, 1941; HEsMER,
1932), in zone X the increase of Quercus must have been favoured by
human activity. We shall return to the question of Fagus and Quercus
in chapter VIII. '

As we have seen already, the recent view of the phytosociologists
(chapter VIII: Dome KRrRAFT and WEsTHOFF, 1959) is that the
Querceto-Carpinetum is an association which owes its development to
human interference. The activities of man lead to a transformation
of the Fagus forest on the upper part of the slopes and on the plateaus
into a Querceto-Carpinetum. As the Alno-Ulmion on colluvial soils dis-
appeared almost completely, the pollen grains of Quercus must have
found their origin in the Querceto-Carpinetum, which developed on older
and more differentiated soils.

Here too the increase of human activity resulted in a stronger
erosion and the latter lead to the deposition of colluvial soils in the
valleys. At Gr and A we find layers of loam both in zone xa and in
zone xb;at BRO a loam layer is present just above the F2 and at Nuth
sand layers are present in zone X; however the latter were present
already in zone Ix.

In the upper part of zone x (zone xb) the Pinus percentage rises
on account of the cultivation of this tree. We often find just before
or in the Pinus time a rise of Fraxinus. Especially at Nuth Fraxinus
reaches a fairly high percentage. Fraxinus occurs especially in the
Ulmion and the Alnion incanae and it is therefore quite natural that
Fraxinus is present in the diagrams. However, it is difficult to find an
explanation for the fact that the rise of Fraxinus is confined to recent
times. It is possible that the renewed deposition of colluvial sediments
in the valleys give rise to woods of the Alnion incanae and Ulmion type
i.e. to woods in which Fraximus occurs. It is also possible that it is
due to the fact that the vegetation of the bogs themselves changed into
an Alnion incanae (see p. 52).

An indication that in zone Ix more water is retained than in zone
X may be seen in the fact that the bogs in the spring areas have come
into existence after the Fagus period, and this may be due to the large-
scale clearing of the forests; after such a clearing the soil is no longer
able to retain the surplus of the precipitation.

The behaviour of Alnus in zone x is different in the diagrams. At
Ri and Nuth Alnus remains the same as it was in zone 1x. Other
diagrams show a decrease of Alnus, but the latter does not start at
the same time. At BRO, Gr and B the decrease did not take place
before zone xb, whereas the diagrams of W, A and Ra show a gradual
decrease of Alnus from the beginning of zone x. At L.F. Alnus decreases
strongly in the lower part of zone xa, but afterwards it rises again,
and reaches a higher percentage than it had in zone 1x. As mentioned
already in our discussion of zone v, a decrease of Alnus may be
ascribed to the clearing of the Alno-Ulmion. The fact that the decrease
did not always occur, or that it occurred later, is difficult to understand.
It may be that the attention of the population was turned in the first
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place towards the forests on the plateaus and that it left the Alnus
woods in the valleys intact (compare the low percentage of Plantago
lanceolata). At L.F. the increase of Alnus after a fall may be ascribed
to a change of the dystrophic bog into a more euthropic habitat.

Due to the strong influence of man the three stages of Iversen (see
p. 73) are scarcely recognizable. Only at Ri we find above the F2
a Betula maximum followed by a Corylus maximum. It is only at Ri
that Betula reacts upon the human influence (compare also the behav-
iour of Betula in zone vin). In some of the diagrams (Nuth, L.F. and
Ri), a distinct Corylus maximum is present, in other diagrams it is
but low (BRO). At Wolffsheid Corylus reaches fairly high percentages,
but here the curve is irregular..

A decrease of Corylus after its maximum such as is found in South
Limburg (L.F., BRO, Nuth) as well as in other parts of western
Europe (TrAuTMANN, 1957; STrRAKA, 1952; OvVERBECK and GRIEZ,
1954) is ascribed by FirBas (1952, 1954) to a gradual degeneration
of the soil. In consequence of this Corylus would reach high percentages
only during the first period of the clearings. An indicator of the
degeneration of the soil is the increase of Befula, which is usually
observed after the Corylus maximum. In South Limburg, however, the
rise of Betula is scarcely present. Moreover, in some diagrams (Ri and
W) the Corylus maximum is not followed by a decrease. For this reason
we are of opinion that in the loess and cretaceous district a degenera-
tion of the soil need not be taken into account. Indeed, in recent
times, the local soil still is'a very rich one. According to OVERBECK
and Griez (1954), the absence of a Corylus maximum or the presence
of a decrease following the maximum must be ascribed to a deteriora-
tion of the climate between 1450-1850 A.D. Indeed, we have some
indications that in medieval times the climate was “better” than it
is nowadays (Firsas, 1954: the upper limit of the forest in the “Riesen-
gebirge” has receded since the middle ages; OVERBECK and Griez,
1954: Ulmus in the middle ages somewhat higher; MuLLER, 1947:
bad vine years after the middle ages). A third explanation has been
given by TrRAauTMANN (1957). Trautmann takes into account that
Corylus occurs mainly in the hygrophilous Querceto-Carpinetum i.e. in a
part of the Alno-Ulmion. Trautmann, therefore supposes that the rise
of Corylus is due to the fact that the Alno-Ulmion was thinned out.
Later on Corylus decreased on account of the complete clearing of the
Alno-Ulmion. 1t seems to us that the latter explanation is applied to a
large measure to South Limburg. At BRO, where we find the strongest
influence of man, a Corylus maximum is scarcely present, whereas at
L.F. where the N.A.P. is lower than at BRO, a marked Corylus maxi-
mum is found. The same applies to our small bogs; viz. a strong
influence of man is accompanied by a low percentage of Corylus. That
Corylus shows at Wolffsheid a higher percentage may be due to the
fact that the surrounding region even now supports an extensive wood
including the Alno-Ulmion.

The same holds for the Carpinion. In case of a thinning out of this
type of wood too Corylus rises.
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TrAUTMANN (1957) explained the earlier decrease of Carpinus by
assumning a selective felling of this tree. By the felling of the shade tree
Carpinus shrubs (Corylus) and herbs in the wood would profit.

Figure 3, 4 and 5 show a rough survey of the development of the
vegetation at L.F., Ri, BRO and at Co and Vo, according to our
suppositions with regard to the distribution of the trees. As the
geographical situation at BRO and Ri is the same, only one figure
has been drawn; slight differences between Ri and BRO have been
neglected. Zone xb and the zones before zone vt have not been included.

® rivus Y wmus

q] ALNUS u CORYLUS

& quercus MW CALLUNA
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QO geruta VYWV  CYPERACEAE
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Legend to Figs 3, 4 and 5
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CHAPTER VIIL

DISCUSSION OF SOME INDIVIDUAL CONSTITUENTS
OF THE VEGETATION

Fagus

Our diagrams show, in broad outline, a continuous increase of
Fagus since its first appearance at the transition between zone vi and
zone viL. Though its growth is slow, and the tree is sensitive to late
night frost, Fagus has an advantage in the competition with other
trees owing to the fact that it is a shade tree (RUBNER, 1925; DoinG
KrAFr and WEeSTHOFF, 1959).

However, at the transition between zone 1X and zone X we find a
final breakdown of Fagus. In our diagrams the fall in the percentage
of Fagus is closely connected with an increase of human activities as
reflected in the composition of the vegetation as a whole. Indeed,
Fagus is unable to survive wood fires and is strongly influenced by such
human interference as regular cutting down (DoiNneé KrarT and
WEsTHOFF, 1959). In such cases Fagus can not maintain itself in
competition with trees which regenerate more easily from the stumps
and need more light during the first stages of their development
(Quercus, Corylus). For that reason Fagus is now a fairly rare tree in the
woods of South Limburg. Only in the woods occurring on the flint-
eluvium which are less often exploited, some Fagus trees are still present
(Doing KrAFT, 1955), but near the Dutch frontier on Belgian territory
we observed along the upper course of the river Voer mixed Fagus
woods, which may have been spared here because agriculture does
not play such an important part in this region. A similar situation
reflects the diagram of Wolflsheid.

The fall of Fagus at the transition between zone 1X and zone X is
not restricted to South Limburg, but is found throughout western
Europe. Several palynologists (cf. HEsMER, 1932) conclude from these
findings that without the interference of man the vegetation in regions
where we now find a Querceto-Carpinetum or even a Querceto-Betuletum
would be a forest in which Fagus plays a more important part. Already
in 1931, ToxEN pointed out that we have to distinguish 1) a natural
vegetation which arises when human influence ceases, and 2) an
original vegetation, the vegetation before the disturbance by man.
According to FirBas (1954), with palynological methods it is possible
only to obtain an impression of the original vegetation. It is difficult
to arrive at a conclusion with regard to the natural vegetation because
since a long time the woods have been influenced by man.

In South Limburg man must have been present from zone viiI on,
and in consequence of this only the forests in zone vi and in zone vt
are original ones in the sense of Tiixen. However, we may draw
attention to the fact that the Fagus forests in zone 1x arose at a time
at which the influence of man was strongly decreasing, so that these
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forests may have a more or less undisturbed character. However,
according to FirBas (1954), we have to take into account two factors
which may have influenced this original vegetation found in zone 1x,
so that the latter, indeed, differs from the natural vegetation in the
present time. These factors are: :

1. An trreversible degeneration of the soil. The clearing of a forest on
poor soil may result in a degeneration of the latter with the result
that Fagus becomes inferior in the competition with other trees. In
the loess and cretaceous district of South Limburg such a degeneration
of the soil is improbable (compare the discussion of the fluctuations
shown by Betula and Corylus in zone x: p. 87). According to KoIE
(1951), there is a relation between the behaviour of Fagus and the
silt content of the soil (particles less than 0.02 mm). If the silt content
is less than 8 %, Fagus is absent; between a content of 14-20 9, Fagus
reaches dominance in the forest when other factors (man, precipita-
tion) are favourable. At a silt content of more than 20 9, Fagus is
always dominant. According to Jonemans, KruL and Vos (1941),
the silt content of the loess in South Limburg is 27 %,. DE VRiEs (1948)
too reported a high percentage of silt (20-30 %,). It does not seem
probable therefore that the recent scarcity of Fagus would be due to a
degeneration of the soil. Perhaps an exception must be made for L.F.
and Br, where the recent occurrence of Betula verrucosa and Calluna
is an indication that the soil has been leached out.

2. Alteration of the climate. We have seen already (p. 87) that the
climate has probably changed since zone 1x. However, it seems to
us that comparatively small changes in the climate can not be expected
to exercise an appreciable influence so long as the soil does not act
as a limiting factor, and that the precipitation moreover must have
been sufficient for the growth of Fagus.

From these considerations it appears that Fagus must have been
more important in the natural vegetation of South Limburg than it
now is in the Querceto-Carpinetum, which is the community to which
the remaining woods belong. Outside our region Fagus is now certainly
not absent in the associations of the Carpinion. It may occur in the
Querceto-Carpinetum  typicum (BURRICHTER, 1953), in the Querceto-
Carpinetum asperuletosum (BARKMAN, 1948; LouMEYER, 1951, 1953;
BurricHTER, 1953), in the Querceto-Carpinetum festucetosum sylvaticae
(LonmevER, 1951), in the Querceto-Carpinetum luzuletosum (LoH-
MEYER, 1953), in the Querceto-Carpinetum saniculetosum and the Querceto-
Carpinetum melicetosum (VAN -LEEUWEN and Doine Krart, 1955;
Domne Krarr and WestHOFF, 1959). However, in none of these
subassociations of the Carpinion Fagus ever reaches absolute dominance.

In the lowlands of western Europe pure Fagus woods (Fagetum
calcareum: SCHWICKERATH, 1944) occur now especially on soils contain-
ing more than 0.05 9%, lime (MARKGRAF, 1932). It was already known
that under influence of man the Fagetum calcareum may degrade into a
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Querceto-Carpinetum primuletosum (DIEMONT, 1938 ; SCHWICKERATH, 1944
BURRICHTER, 1953; Doine KrAFT and WESTHOFF, 1959).

According to TUxEN (1933), the Querceto-Carpinetum would be the
climax association, whereas the Fagetum would only be a transitional
stage leading irrevocably to the Querceto-Carpinetum, and the dominance
of Fagus was ascribed by TUxeN (1932) to the influence of man. The
influence of man would result in a reduction of the area occupied by
the Quercus woods and for this reason in the pollen diagrams the
percentages of the other trees would rise. Secondly Tiixen pointed
out that the raised bogs enlarged their area especially in regions where
the forests do not contain Fagus. According to Tiixen, it is therefore
desirable to investigate small bogs. As we have seen already, on account
of such an investigation we arrived at the conclusion that Fagus must
have been the dominant tree in a period in which the influence of man
was less pronounced and in a region where raised bogs are lacking.
This conclusion is in strong contrast with that of PFAFFENBERG (1952)
who investigated small bogs in a region where the Querceto-Betuletum
is now the main association. The diagrams of Pfaffenberg show that
from the beginning of zone vi Quercus and Betula played an important
part in the vegetation. In zone 1x Fagus reached a higher percentage,
but Fagus never intersects the Quercus curve. It seems to us that the
discrepansies in the results of the various investigators must be due
to the character of the soil, which in the area investigated by Pfaffen-
berg certainly is less rich than it is in South Limburg.

An exception in our region is the diagram of Br 1. This diagram
must belong for the greater part to zone 1x, though Fagus never
intersects the Quercus curve. It is probable that the pollen grains of
Fagus were derived for the greater part from trees which occurred
on the heath itself. Still it is possible that a part of the pollen grains
of Fagus were derived from the loess region, which is 4 km removed
from the site where we collected our samples. According to FIrBas
(1949) a percentage of a few per cents may be due to long-distance
transport. Certainly the distance to the loess region is not a “long
distance” (more than 10 km) but it seems to us that the percentage
of 13 9 Fagus, which has been found at Br 1, may not be ascribed
completely to a transport of pollen grains from the loess region,
because the distance over which the pollen grains of Fagus can be
transported, is but short. Therefore we do not agree with the supposi-
tion of ZEmLER (1957) that 20-30 9, Fagus in the diagram may be
due to a transport of pollen grains from trees growing at a distance
of 5-8 km.

A presence of Fagus on the heath of Brunssum is quite well possible,
because some indications make it probable that the soil was not always
so deficient in nutrients as it is now (see p. 49). However, the lower
Fagus percentages and the higher percentages of Betula and Calluna
show that during zone ix the soil had a less fertile character than it
has in the loess district. In contrast with our findings in the loess
district, those on the heath of Brunssum are in agrecment with those
of PFAFFENBERG (1952).
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The fact that Fagus was a constituent of the forests in a region which

now supports a Querceto-Betuletum (in a wider sense), is in agreement
with the opinion of Doine Krarr and WEesTHOFF (1959) according
to which Fagus may occur even in the Querceto-Betuletum (Fageto-
Quercetum). In the loess district the forests in zone 1X were, in contrast
to those on the heath of Brunssum, pure Fagus forests. According to the
opinion of phytosociologists, Fagus would become once more the
dominant tree if man was no longer present (Doine KRrRAFT and
WESTHOFF, 1959). At least in our region, the Querceto-Carpinetum must
be considered as an association which owes its development to the
presence of man. On better soils it is only under the influence of man
that Quercus and Corylus can oust Fagus. On more degradated soils
Fagus is replaced by Quercus and Betula.
- This result is in agreement with the observations made by several
other authors (BurricHTER, 1953; LonMEYER, 1951, 1953; Domne
Krarr and WESTHOFF, 1959; VAN DEN BERGHEN, 1957) according to
which Fagus is the strongest rival in the competition with other trees.
In the mountains with their high precipitation Fagus regenerates even
on siliceous soils as soon as the human influence ceases, and this must
be due to the optimal climate (Luzulo-Fagion: NOIRFALISE, 1956; VAN
DEN BERGHEN, 1957; Doing KraFT and WEesTHOFF, 1959). Therefore,
it must be ascribed to the strong human influence that we find in
South Limburg not the Fagetum but instead of that the Querceto-
Carpinetum.

An additional argument in favour of this assumption is found in
the work of SeiBERT (1955). According to Seibert, the exploited
woods (Niederwald) of Westphalia (Germany) would contain three
groups of species which occur also in three corresponding types of
Fagus woods. .

As mentioned before (p. 83), we assumed that in zone 1x the
Querceto-Carpinetum zone was found on the slopes below the Fagus
belt. A somewhat similar situation is not uncommon in western Europe
where we find in the lowlands usually a zonation along the slopes of
the hills (DiemonT, 1938; JAHN, 1952; BURRICHTER, 1953), the lower
part of the slopes supporting a Querceto-Carpinetum, the upper part a
Fagus wood. It is not impossible that this zonation is not due to
climatological differences only, but that it is partly due to the influence
of man. On the upper part of the slopes a Fagus wood may be present,
because here the human influence is slighter. An interesting situation
is present on loess soil in Westphalia (BurricHTER, 1953), where we
find below the Fagus belt a Querceto-Carpinetum dryopleridetosum. LThe
lower part of this Querceto-Carpinetum has been described by Burrichter
as a Quercus variant, the upper part as a Fagus variant. This continuous
transition from a Querceto-Carpinetum to a Fagetum is the situation we
may expect in places where human influence gradually decreases
towards the upper part of the slopes. In Limburg such a zonation is
IiOt present, because here human influence is very strong all over the
slopes.

Our considerations hold only for western Europe. If we compare
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our findings with those obtained in the dry area of Central Germany,
there appears to be a difference. In the dry area of Central Germany
we are in the neighbourhood of the eastern boundary line of the area
of distribution of Fagus (lower precipitation, continental climate).
Though here too the soil is loess, the ratio Fagus to Quercus is in zone
1x 2:3 (MULLER, 1953), indicating that the soil conditions though very
favourable, are not sufficient to neutralize the adverse influence of
the continental climate. It is therefore possible that here the Querceto-
Carpinetum is a climax association (DoiNe KRAFT and WESTHOFF, 1959).
Notwithstanding this Fagus was in the dry area of Central Germany
in zone 1IX more important than it is nowadays, and at least a part
of the Querceto-Carpinetum may owe its development to human in-
terference.

In contrast to South Limburg in the dry area of Central Germany
extensive Fagus woods are still present. Fagus occurs here only in the
centre of the woods whereas the outer margin of the woods consists
of Corylus, Tilia, Quercus and Carpinus. According to Passarce (1953),
the retreat of Fagus towards the centre of the forest is not due to
felling alone but also to the more continental climate of the surrounding
fields (late night frosts). Indeed, it is a well-known fact that the
“mesoclimate” becomes more arid in case of a clearing (Lunpg-
GARDTH, 1957).

According to Passarge, the great expansion of Fagus in zone 1x
would be due more to the humidity of the “mesoclimate’ than to
the humidity of the “macroclimate’’. However, it is improbable that
in the more oceanic South Limburg the clearings of the woodland
would have resulted in a change of the “mesoclimate”, in such a way
that the resulting climate would not tolerate the existence of Fagus.
However, it is possible that the precipitation is now higher than it was
at the beginning of zone x.

That Fagus pollen is better represented in zone 1x than that of
Quercus is in the lowlands of western Europe often found in those parts
where the soil has not been leached out to a large extent. Sometimes
the ratio is in agreement with the potential composition of the natural
vegetation (BucHwALD and Losert, 1953).

In the Netherlands we find an other region in which Fagus is
superior to Quercus in zone IX viz. the eastern part of the country
(Ten HouTeN, 1935; DanieLs, 1961). According to MEYER DREEs
(1936), Fagus was especially abundant in the subcentreuropean
district (VAN SoksT, 1934) where now some of the species are still
present by which outside the Netherlands Fagus is accompanied. Our
findings show that South Limburg constitutes a second region where
Fagus predominated over Quercus. 'L'his result is in agreement with a
forest map of zone 1x drawn by Straka (1957).

It is in agreement with our suppositions that Fagus never reaches
dominance in the diagrams of the region of poor cover sands in the
higher eastern parts of the Netherlands, e.g. in Drenthe and in the
Veluwe. :
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In our diagram Fagus is not superior to Quercus from the beginning
to the end of zone 1x. We mentioned already that at least two Fagus
peaks are recognizable. These two Fagus peaks are recognizable in the
diagrams of Straka (1952), HumMEL (1949) and of STEINBERG (1944)
too. In the Peel (Esauis, 1946) at least an indication of two Fagus
peaks is recognizable. Some diagrams (PerscH, 1950; DanieLs, 1961;
OVERBECK and SCHNEIDER, 1938), on the other hand, show four Fagus
peaks. In these diagrams the presence of a F 3 and a F 4 is correlated
with a late (after the F 3) appearance of man (PerscH, 1950; DANIELS,
1961). In the diagram of Overbeck and Schneider the curve of the
cereals starts after the F2 but the gradual decrease of Carpinus indicates
that the influence of man is low (cf. p. 83). We suppose therefore
that in South Limburg and in the Eiffel the absence of the F 3 and
of the F4 is due to the strong influence exercised by man.

It is difficult to explain why the increase of Fagus is not continuous.
Several reasons may come up for discussion.

1. Influence of man

The depression between the two Fagus peaks may be due to an
increasing activity of man. Indeed, several diagrams (STEINBERG,
1944; Hummer, 1949; MIKkELSEN, 1949) show after the F1 an
increase of the percentages of those pollen grains which are
derived from plants indicating human occupation. In South
Limburg such an increase is not recognizable.

2. Shifting of the phreatic surface

Diagrams from the eastern Netherlands (Daniers, 1961), West-
phalia (BuppE and Runcg, 1940) and north-west Germany
OverRBECK and ScHNEIDER, 1938) show a negative correlation
between Fagus and Alnus. Usually diagrams constructed for bogs
in a hilly landscape do not show this correlation, because a rise
of the phreatic surfacein the bog does not influence the Fagus forests
on the slopes and on the plateaus. However, it is not impossible
that Fagus reacts upon an alteration of the humidity whereas
Alnus does not react to it.

3. Alterations of the humidity

In the northern Netherlands (VAN ZEeisT, 1959) and in north-west
Germany (OVERBECK, 1952) a correlation has been established
between Fagus and the composition of the vegetation of the raised
bogs. Moreover, in raised bogs a correlation exists between Fagus
and the recurrency surfaces (MIKkerLsen, 1949) which may be
regarded as indicators of changes in the humidity. According to
these authors the expansion of Fagus took place in a series of jumps
due to an increase of the humidity. VAN Zgeist (1959) distinguishes
three stages in the expansion of Fagus:
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first expansion  : Fagus increases at the end of zone 1x (0O.S.)
from 0.3-1 9%, in the northern Netherlands;
this increase is accompanied by a change of
the peat to Sphagnum cuspidatum peat;

second expansion : after the C4, the appearance of Sphagnum
imbricatum;

third expansion : Fagus reaches its highest values; formation of
fresh Sphagnum peat in full swing.

According to MIKKELSEN (1949) on fertile soil the expansion of

Fagus is not interrupted. In South Limburg the three stages in the

expansion of Fagus are present, though no correlation whatever

with the character of the peat is present. Only at L.F. we find at
the transition between zone vir and zone vin a change to Sphagnum

cuspidatum peat. The second expansion is present just below the F 1.

The third expansion gives rise to the F 2. We will return to this

question in chapter x, where we want to discuss a possible syn-

chronism in the behaviour of Fagus.

4. Succession

According to Doing KrarT and WESTHOFF (1959), the equilibrium
between the different tree species in a natural forest is not maintain-
ed during a period of unlimited length. In a Fagus forest Fagus
may decrease because the condition of the trees deteriorates; the
crown becomes less dense with the result that trees needing more
light (Quercus and Corylus) expand. Indeed, this is the development
occurring between the F 1 and the F 2. It is possible that the exis-
tence of the Fagus peaks may be explained in this way.

Carpinus

Carpinus makes its first appearance in zone vi. In zone X it expands,
and here it reaches its highest values during the F2. In zone x it
decreases strongly. For possible explanations of the behaviour of
Carpinus we refer to our discussion of zone IX.

Quercus

The first pollen grains of Quercus are present in zone v. In zone vi
the percentage increases. In zone vi and zone vi the percentage of
Quercus depends upon the size of the bog. In the two periods in which
the region was inhabited (zone vin and zone X) Quercus reaches its
highest percentages. Due to the strong regeneration from stumps
Quercus is able to reach dominance in zone X, viz. as soon as Fagus
diminishes. Moreover, the development of Quercus was favoured by
man more than Fagus because the leaves of Quercus were used as cattle
fodder (BucuwaLp and Losert, 1953), whereas its bark (SEIBERT,
1955) and wood (PFAFFENBERG, 1952) were used too. In zone 1x the
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percentages of Quercus are low. We have put forward arguments in
favour of an origin of pollen grains of Quercus found in zone 1x from
an Alno-Ulmion and the Carpinion in the vicinity (page 83).

Corylus

Corylus makes its first appearance in zone 1v. In zone v the percent-
ages of Corylus are increasing. In this zone the Corylus curve shows a
low peak. According to Scamirz (1955), the four Corylus peaks that are
distinct in diagrams from north-western Germany and from the north-
ern part of the Netherlands, are due to changes in the climate.

. In South Limburg the C 2 and the C 3 are not distinct, whereas the
Corylus peak in zone vm (C4?) is closely connected with human
influence. :

Only at L.F. we observe a real Corylus peak in zone vir. At BRO
the Corylus increase in zone vin is small and at Ri the peak is absent.
It remains possible that at BRO the C 4 actually was present, but that
it is not visible because at the time it might be expected, then a gap
in the peat stratigraphy is present.

In our diagrams a third Corylus peak is present in zone X; this peak
too is due to the human influence. At present too Corylus is very abun-
dant in the woods of South Limburg. Therefore it seems that in South
Limburg the fluctuations in the Corylus curve probably do not reflect
alterations in the climate. The G 1 is the only one which may be due to
such an alteration. However, we know too little with regard to the
reaction between vegetation and climate in zone v, but for the moment
a climatological explanation for the fact that Corylus, which has been
present already for a long time, increases in this zone is the only one
we can give. : :

Tilia and Ulmus

Both Tilia and Ulmus make their appearance in zone v, Ulmus
already in the lower part of the zone, Tilia not before the upper part.
We have put forward some arguments (discussion of zones vi, vir and
vin) in favour of the assumption that Ulmus and Tilia belonged to
some association of the Alno-Ulmion. In zone vi and in zone vi Tilia
is often the main component of the Quercetum mixtum. Except at
Co 2 Ulmus remains low. The fall of Tilia in zone vi has been
ascribed to human interference (see our discussion of zone vir). In
zone IX and in zone X on account of the strong influence of man no
recovery of Tilia or Ulmus could take place. The same behaviour is
present all over western Europe, but in several regions a degeneration
of the soil, may be responsible, partly or entirely, for the low Tilia
and Ulmus percentages. An exception to this rule is the loess region
of the dry area of Central Germany, where Ulmus and Tilia reach
their highest development. The composition of the forests in this region
resemble that of the vegetation found in zone vi and in zone viL
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According to Passarce (1953), the Tilia and Ulmus woods can not be
regarded as relics from the forests found in zone vi and in zone v,
because in the diagrams of this region (MULLER, 1953) at the transition
between zone vir and zone vi too a fall of Ulmus and of Tilia and a
rise of Fagus is visible. Passarge therefore describes the recent Quercetum
mixtum as a second Quercetum mixtum optimum. The opinion of Passarge
is supported by the fact that the transition from Fagus forest to Quer-
cetum mixtum is no direct one. About 200 years ago in the dry area of
Central Germany Corylus and Quercus were very abundant owing to
the excessive exploitation of the woods. Ulmus and Tilia returned in
the last 200 years because nowadays the woods are protected against
unjudicious exploitation.

If we apply the supposition of Passarge to South Limburg, we must
remark that in the last mentioned region we are dealing now with
the Quercus-Corylus phase. That Tilia and Ulmus did not recover, may
be due to the high degree of cultivation of the region. Indeed, the
small woods in the loess region are in a very early stage of development
(Done KrarT, 1955). According to dates from Blink (JoNGMans,
KruL and Vos, 1941) we find in South Limburg 731 ha pine planta-
tions, 180 ha deciduous woods, and 1469 ha coppice growth (especially
along the slopes). These dates clearly demonstrate that the woods in
our region are in an initial stage. It is not possible to say whether
in South Limburg Tilia and Ulmus will return if the human influence
diminishes as they did in the dry area of Central Germany. This may
depend upon the speed of the Fagus regeneration which in the dry
area of Central Germany may be less than it is in South Limburg.
Anyhow the nature of the soil certainly can not be regarded as a
hindrance to a recovery of Tilia and Ulmus.

Betula

In the loess district the part of Betula (verrucosa) in the post glacial
time is a minor one. Only at Ri we find somewhat higher percentages,
probably due to a local occurrence of terrace sands at the surface
(see our discussion of zone vmi).

In the regions outside the loess district the percentages of Betula
are higher (Br, L.F.). However, we have to take into account that at
least a part of the pollen grains of Betula is produced by Betula pubescens
which was present on the site itself. '

Alnus

Alnus makes its appearance in the upper part of zone v. In our
region Alnus is a component of the vegetation of the bogs itself (Alnion
glutinosae and Alnion incanae) which are restricted to the valleys. The
limiting size of the area of Alnus in a hilly region is clearly shown in
the diagrams of PerscH (1950), HumMMEL (1949) and StrARA (1952)
which refer to bogs outside the valleys. In these diagrams A/nus shows
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a very low percentage. In our region the presence of Alnus at the site
of the boring is demonstrated by the fact that anthers and wood were
often found in the samples, especially at Nuth. In our region a fall
of Alnus is distinct in the two periods in which the region was inhabited;
it is probably due to a selective felling of this tree. In the Fagus time a
regeneration ot Alnus took place.

Salix

Though Salix is abundant in the Alnion incanae and in the Alnion
glutinosae (table 1), the tree always shows very low pollen percentages
in the post glacial time. This is not unexpected as Salix is an entomo-
philous tree whose pollen grains are produced in a small number and
are transported over a short distance only (Hype and WiLLiAwms,
1944; Firsas, 1949; Faecr1i and IVERrseNn, 1950).

Pinus

The highest percentages of Pinus were found in zone 1v and in zone
v. In zone v1 and in zone vir Pinus decreased to low percentages.

In zone vin we observe an increase of the Pinus percentage, probably
on account of a long-distance transport, which was facilitated by the
clearing of the forests in the immediate vicinity of the bog. The same
is distinct in recent surface samples. In a forest Pinus appears to be low,
whereas in open country it shows a much higher percentage (Aario,
1940; Jowassen, 1950). In zone xa Pinus usually does not rise, though
the ultimate clearing of the forest begins already at the transition
between zone 1x and zone X. It is not impossible that in zone 1x Pinus
disappeared completely, whereas in zone vi and zone vm it only
underwent a strong decrease (cf. page 70). In zone xb a rise of Pinus
is distinct; this is due to the presence of pine plantations.

Fraxinus

It is not possible to recognize in our diagrams the first appearance
of Fraxinus. At L.F. Fraxinus is almost entirely absent, whereas at BRO
and Ri it is present already from the end of zone vi.

‘Though Fraxinus is a component of the Alno-Ulmion we do not observe
a fall of its percentages at the transition between zone vi and zone v,
According to VAN ZEsT (1959) a rise of Fraxinus at this level must
be ascribed to the fact that when a forest is felled Fraxinus flowers
much sooner than the other trees. It may be that this is the explanation
for the constancy with which Fraxinus is present. The highest percent-
ages of Fraxinus have been found in zone xb (cf. p. 86).

Myrica

Myrica is present only at L.F., where the shrub is a component of
the vegetation of the bog itself. Though an identification of the pollen
grains of Mpyrica is quite well possible, a range is present in which
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confusion with Corylus is not excluded. For this reason the percentages
of Myrica and Corylus found at L.F. in zone vii, 1X and X must be
regarded as approximate only. In the other diagrams a presence of
Mpyrica may on ecological grounds be regarded as improbable.

Ericaceae

A higher percentage of the Ericaceae have been found only outside
the loess district (L.F., W, Br). In the loess district they are present
only in a few per cents. According to Ko6ie (1951), Calluna and
Vaccintum myrtillus occur only on soils with a low percentage of silt.
As mentioned before, in the loess district this percentage is too high
(cf. p. 93). Hence the absence of pollen grains of these plants in the
diagrams of this district. :

Picea and Abies

Picea and Abies are not native in the Netherlands (Firsas, 1949?. The small
percentage of pollen grains found in our samples is certainly due to long-distance
transport from the mountains in Central Europe. At BRO Abies is present from
zone vt on, which demonstrates the intensification of the long-distance transport.

In zone xb the percentages of Abies show a slight increase, probably due to recent
planting of the tree (A, B, Gr, Ra).

Populus

As stated also by STraxA (1952), FAEGrI and IVERSEN (1950) and FirBas (1949)
the identification of pollen grains of Populus is very difficult, especially when the
samples are not stained. This difficult identification applies also in a large extent
to our bogs, where the preservation of the pollen grains usually is less good than
in raised bogs. Populus was certainly present, but on account of the uncertain
identifications, it was not possible to draw a curve.

CHAPTER IX

RELATIONS TO THE HISTORY OF HUMAN OCCUPATION

According to Van Zeist (1959), it is possible to distinguish two
kinds of peoples:

1. Peoples, who practised agriculture, and whose presence is recog-
nizable by a low percentage of Plantago lanceolata in the diagram.
The influence which these men exercised upon the vegetation, was
not great, because their cattle remained in the settlements (TROELs-
SmrtH, 1953).

2. Peoples, who practised stock raising, and whose presence is recog-
nizable by a high percentage of N.A.P. in the diagram. By these
people a much greater part of the forest was cleared.

In South Limburg the people which introduced the bandceramic
culture pertained to the first kind. According to TACKENBERG (19533),
these Danubiens were agriculturists. Recent radiocarbon datings
suggest that the bandceramic culture was present in South Limburg
about 4000 B.C. (WATERBOLK, 1959), viz. in zone vi and in zone ViL.
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Indeed, VAN Zest (1959) found in these zones a small percentage of
Plantago lanceolata and one pollen grain of a cereal. In our diagrams
a low percentage of Plantago lanceolata and of Artemisia is sometimes
present in zone vI and zone v, but it is doubtful whether those pollen
grains may be regarded as indicators of the agriculture of the band-
ceramic people, as the settlements of this people, that up to now could
be traced, are restricted to the north-western part of South Limburg
(MopDERMAN, 1959), whereas our bogs are situated mainly in the
eastern and north-eastern part of the region. Moreover, some specimens
of the species which commonly are found near human settlements
(Artemisia, Plantago lanceolata and Chenopodiaceae), may occur on
limestone and on unstable soils (Fries, 1951).

The people of which traces are found in zone vin, belonged to the
second type of Van Zeist. It exercised a stronger influence upon the
vegetation. Cultures which come into consideration, are the western
neolithic culture and the culture of the beaker people. The western
neolithic culture seems to be of little importance in South Limburg
(Beckers and BEeckers, 1940). According to TAckenBerc (1953),
the beaker people were herdsman and to them cattle and sheep were
more important than swine. The grazing of the cattle prevented a
regeneration of the forest. '

As we shall see, the transition between zone vi1 and zone v must
be dated at about 1700 B.C., a dating which is in good agreement
with the supposed start of the late-neolithic culture at 1750 B.C.
(PescuECk, 1950). We dated the transition between zone v and zone
IX at about the beginning of our era. That means that the deviations
from an undisturbed development that are recognizable in our dia-
grams, are due to human activities extending through the late-
neolithic-, the bronze-, the iron-, and the Roman ages without any
interruption. Indeed, BECKERs and Beckers (1940) conclude from their
archeological findings (character of the burial monuments) that up
to the Roman period South Limburg was continuously inhabited.
It seems that at the arrival of the Romans a collapse took place by
the extirpation of the tribe of the Eburones, the original population
of our region (BECkErRs and Beckers, 1940). DE Laer and GrLas-
BERGEN (1959) too mentioned that the most completely continuous
occupation has been found in the region occupied by the Eburones.
The diagrams of STRAkA (1952) point in the same direction; in the
Eiffel in zone 1X and in zone x (O.S.) too pollen grains of the cereais
are always present.

At our discussion of zone vin we mentioned already that the civilisation must
have reached a fairly high level and that a fairly large area must have been cleared
and kept free from tree growth. Though in South Limburg traces of occupation
from the late-neolithical-, bronze-, and the iron ages in the form of settlements
are rare, BECKERs and BECKERs (1940) come to the conclusion that South Limburg
must have been populated fairly densely, because the utensils of the pre-Roman
population are widespread in the region. The clearings were nevertheless less
extensive than in medieval times. According to DarBY (1956), in the bronze- and
iron ages no further clearings took place, but the area that was occupied already,
was used more intensively. At the arrival of the Romans large stretches of wood
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were still present. This is visible in our diagrams too. We supposed that in zone vt
the clearings were restricted to the valleys (cf. p. 78).

It is difficult to say which culture comes into consideration. In the first place
the number of excavated sites is small. On one hand South Limburg has been
investigated very incompletely up to now (MODDERMAN, oral information), on the
other hand it is possible that the dwellings, in contrast to those of the bandceramic
people, were built on the surface of the earth and not partly subterraneous (BECKERs
and BEckers, 1940). Secondly, South Limburg is situated at a crossing of several
of the cultures which flourished in western Europe. We only mention the presence
at Geilenkirchen and Aachen of burial monuments belonging to the Rhenan beaker
culture and to the Halstatt-D culture (Niessen, 1950).

Rests of Roman buildings are very abundant in South Limburg. In the Roman
period sheep breeding still was the most important means of subsistence (CLARK,
1952).

" The regeneration of the forests in zone 1x indicates a decreasing
activity of man in the post-Roman period. According to BoissoNNADE
(1927), in the Rhine land (Germany) the population decreased to
1/2 or 2/3. The result was that about 800 A.D. forests had returned
all over Europe (DarBy, 1956). The regeneration of the forests is
visible in the region east of Aachen (SCHWICKERATH, 1954) and in the
Untereichsfeld (STEINBERG, 1944) as well. It is not before 1000 A.D.
that large-scale clearings start with the result that the Fagus forest
disappeared. Since then the soil, which once supported forests supports
fields and orchards.

CHAPTER X
ZONATION AND DATING

As a result of their investigations the palynologists have been
established several zonations. In western Europe some of these zona-
tions proved to be more generally distributed. The oldest one is the
zonation proposed by BryrT (1876) and accepted by SERNANDER
(1908), which is based upon an alternation of rainy and dry periods
in the post-glacial time. After that of Blytt and Sernander, the most
important zonations are those proposed by Jessen (1934, 1938) and
by Iversen (1941) for Denmark, by OverBECK and ScHNEIDER (1938)
for north-west Germany, and by FirBas (1949) for central Europe.
In order to be valid for a region of some extent, e.g. for western Europe,
a zonation must obviously be based upon synchronous conditions.
Unfortunately, it is difficult to find in the diagrams for South Limburg
features which are comparable with those found in the diagrams for
other regions. As mentioned before the shape of many curves is in
the zones vin, 1x and x influenced either by man, or by local conditions.
It is especially due to the irregular behaviour of the Corylus curve that
a correlation with the zonation of Overbeck and Schneider meets
with difficulties. For that reason it is not possible to apply the zonation
of these authors to South Limburg. As mentioned before, the curves
of Quercus, Alnus and Carpinus too are highly influenced by man, and
can therefore not be used as criteria for the demilitation of the zones.
Only the behaviour of Fagus up to zone x is more or less independent
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of the influence of man. Therefore, a correlation with the zonations
found in other regions is only possible by means of the Fagus curve.
A second difficulty is that our small bogs mainly registrate the devel-
opment of the vegetation in the immediate neighbourhood of the bog.
It is possible therefore that a change in the vegetation which arose
under the influence of man, did not find its expression in the diagram
as long as the clearings did not extend to the immediate vicinity of
the bog. :

It is not difficult to apply the zonations proposed for other parts
of western Europe to the part of the diagrams preceding zone v,
because up to this period the influence of man is of no great importance.
We do not know how to explain the changes in the percentages and
the appearance of new elements in another way than by assuming
changes in the climate, and so the zones 1v, v and v1, vii may be said
to correspond to the pre-boreal, the boreal and the atlantic time of
Blytt and Sernander.

From zone v there is less agreement. As mentioned before we
place the transition between zone vir and zone v at the level where
Tilia begins to fall, Fagus shows its first increase, and pollen grains
indicating human occupation make their first appearance. According
to WATERBOLK (1954) in the northern part of the Netherlands and in
Denmark, the fall of Tilia is accompanied by a fall of Ulmus. Now,
recent radiocarbon datings suggest that the fall of Ulmus, though
caused by human interference, must have taken place at the same time
throughout an area of considerable extent, and must be dated at
about 3000 B.C. (Van Zerst, 1959). PERscH (1950), however, dated
the transition between zone vit and zone vin (Fagus represented by
more than 5 9,) at about 1700 B.C. If we assume that the first increase
of Fagus found in our diagrams is synchronous with the first increase
of Fagus found in the northern part of the Netherlands, we arrive at
the same conclusion as Persch. In the northern Netherlands we find
the first increase of Fagus at the transition between the neolithic to
the bronze ages (in zone x: O.5.); and in the diagrams of this part
of the country it is synchronous with the occurrence of Sphagnum
cuspidatum peat. Indeed, we find Sphagnum cuspidatum at L.F. at the
transition between zone vi and zone vin. However, it is not permitted
to use Sphagnum cuspidatum as a boundary line between these two zones,
as at L.F. its occurrence is not necessarily due to an increase of the
precipitation alone. The behaviour of Fagus is an indication that in
our diagrams the transition between zone vir and zone vir must be
placed at a later date than the fall of Ulmus in the northern part of
the Netherlands. This result is in agreement with an archaeological
dating (PFAFFENBERG, 1947: first increase of Fagus at about 2000
B.C.) and with a radiocarbon dating of the transition between zone
vi and zone 1x (O.S.) (OVERBECK, ALETSEE, AVERDIECK, 1957: 1500
B.C.) in north-western Germany. Thus, if we place the beginning of
the clearings between 2000-1500 B.C., this is in agreement with the
opinion of NARR (1956) that in the Rhine land the clearings did not
take place before the bronze age.
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Jessen and Iversen placed the transition between their zones vi
and viu between the mesolithic and neolithic age. In this part of the
diagrams, therefore, we can not accept the zonation of Jessen and
Iversen. For South Limburg we must return thus to a subboreal time
in the sense of Blytt and Sernander and exclude the neolithic age.

For that reason we do not find in South Limburg reasons to include
zone viub (O.8.) in the zone vin of Firbas, as was proposed by WATER-
BOLK (1954) on account of the simultaneous appearance of Plantago
lanceolata in the northern part of the Netherlands and in north-western
Germany. It remains possible that human influence was present already
in zone vimb (O.S.), but in our diagrams we do not find indications
of such an influence. When we are right, the fall of Tiliz in South
Limburg can not be synchroneous with the fall of Ulmus in other
regions. In the northern part of the Netherlands we find that the fall
of Ulmus is accompanied by a low percentage of Plantago lanceolata.
In our diagrams Plantago lanceolata soon reaches high values which
indicate that here another type of agriculture must have been present
(herdsman). It is therefore understandable that the transition between
zone vii and zone v must be placed later. Our transition between
zone vt and zone vmr may be synchronous with the increase of
Plantago lanceolata in the northern part of the Netherlands (VAN ZEisr,
1955a: 2230 B.C.).

According to PerscH (1950) the F1 must be dated at about the
beginning of our era. Just below that level we placed the transition
between zone vin and zone 1x. This transition has been correlated
with the zonation of Overbeck and Schneider by WaTerBOLK (1954)
and by Van Zewst (1955) in different ways. According to Waterbolk
zone x (O.S.) belongs to the lower part of zone 1x of Firbas. According
to Van Zeist zone x (O.S.) belongs to the upper part of zone v of
Firbas. It seems to us that the latter correlation is applicable to South
Limburg. Perscu (1950) as well as GroHNE (1956) suggest that the
F 1 must be dated at the beginning of our era. Moreover, OVERBECK,
MUnnNicH, ALETSEE and AVERDIECK (1957) dated the transition between
zone X and zone x1 (O.S.) at 125 B.C. It appears therefore that zone
vir of Firbas comprises zone x of Overbeck and Schneider. This
dating is in agreement with our archeological dates. The dating of
WATERBOLK (1954) of the transition between zone x and zone x1
(O.S.) at 400 A.D. seems to be too late.

In our diagrams the transition between zone 1x and zone x (O.S.)
is not distinct. In zone x (O.S.) Corylus usually decreases and Fagus
shows its second increase. Indeed Fagus increases during the course
of our zone v, but it is not possible to determine where the increase
starts. Corylus does not decrease markedly before the F 1, probably
due to the increase of the influence of man. It remains possible that
in our diagrams zone x (O.S.) is lacking on account of an interruption
of the peat formation (WATERBOLK, 1954). For our region it is therefore
better to apply the zonation of Firbas, who, in contrast to Overbeck
and Schneider, left zone vir undivided.

Both in the zonation of Blytt and Sernander and in that of Jessen
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and Iversen the transition between zone vir and zone 1x (subboreal
time/subatlantic time) has been placed at the transition between zone
x and zone X of Overbeck and Schneider, a transition which is not
distinct in our diagrams. For this reason these zonations are not
applicable in our region.

The transition between zone 1x and zone X, i.e. the beginning of the
ultimate clearing of the forests, is found at the same time everywhere
in western Europe. Perscr (1950) dated the F2 at 700 A.D. which
is in good agreement with the archaeological proved fact that the
ultimate clearings started at 1000 A.D. The dating of Firpas (1949):
800 A.D., is in agreement with the conclusion of Persch.

In our region the transition between zone xa and zone xb must
be dated at about 1850 A.D., the time at which the planting of the
pine woods began.

SUMMARY

The present study deals with the late-glacial and post-glacial development of
the vegetation in the loess region of South Limburg (Netherlands). In the late-
glacial time the continental element in the vegetation (Artemisia) is very pronounced,
probably due to the particular soil conditions in South Limburg. The zonation of
FirBas (1949) has been applied to the South Limburg diagrams.

Zone 1: Tundra, a temporary amelioration of the climate (Bolling time) can be
observed.

Zone n: Closed pine forests present (Allersd time).
Zone mi: In the lower part of the zone Pinus dominant, afterwards Betula.

Zone 1v: Decrease of the percentages of the herbs; Pinus dominant in the vegetation;
first appearance of Corylus.

Zone v: Pinus and Corylus dominant; in the lower part of the zone Ulmus and
Quercus present, in the upper part also Alnus and Tilia,

The development of the vegetation in the following periods of the Holocene has
been interpreted with the aid of dates from the field of plant sociology. Along a
valley the vegetation of the bogs itself (usually Alnion glutinosae or Alnion incanae),
the vegetation on the colluvial soils (Ulmion) and the vegetation along the slopes
and on the plateaus (Carpinion) were distinguished. The changes in the vegetation
of these vegetation units have been followed (Fig. 3, 4 and 5). The course of the
curves in‘the pollen diagrams has been explained by taking into account the natural
succession, human influence, soil conditions, and size of the investigated bogs.

Zone vi and zone vii: In the Alno-Ulmion Tilia cordata dominant. In zone vir first
appearance of Fagus outside the valleys.

Zone vin: Strong influence of man in the valleys by which Tilia and
Alnus decrease and Quercus and Corylus increase. Outside
the ‘valleys less influence of man resulting in a proceeding
increase of Fagus.

Zone X: . Regeneration of the forests in the valleys (exc. Tilia and
Ulmus) : Alnus increases, Corylus decreases. Outside the valleys
Fagus dominant. Between the Fagus belt and the Alno-Ulmion
belt probably a Querceto-Carpinetum present.

Zone x: Large-scale clearance of the forests. Outside the valleys
Fagus and Carpinus decrease and Corylus and Quercus increase.
In the valleys transformation of the Alno-Ulmion into grass-
land. In the upper part of the zone increase of Pinus due
to planting.
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