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HERBS AS JULY TEMPERATURE INDICATORS 
FOR PARTS OF THE PLENIGLACIAL AND LATE-GLACIAL IN THE NETHERLANDS1 

E. KOLSTRUP2 

ABSTRACT 

Kolstrup, E . 1979 Herbs as July temperature indicators for parts of the Pleniglacial and Late-Glacial 
in The Netherlands - Geo!. Mijnbouw 58: 377-380. 

From the present July temperature demands of plant species also found as fossils in Weichselian 
Pleniglacial and Late-Glacial deposits in and near The Netherlands a reconstruction of the former 
minimum mean July temperatures is attempted and compared to a previous record. Analysis of a 
section near Epe suggests that there may have been a warmer interval around 14.000 years B.P. and 
the name of 'Epe Interstadial' is provisionally proposed for this interval m The Netherlands. 

INTRODUCTION 

From The Netherlands and its nearest surroundings a num­
ber of pollen diagrams are available from the time between 
10,000 years B.P. and approximately 50,000 years B.P., i.e., 
from the Weichselian Late-Glacial and Pleniglacial. 

The pollen diagrams from the Pleniglacial show that the 
tree pollen content, almost exclusively of Pinus, Betula and 
Salix, generally amounts to less than 20% , Cyperaceae, 
Gramineae and other herbs contributing the remaining part 
of the pollen. Generally speaking conclusions concerning the 
former temperatures deduced from pollen diagrams are 
drawn on the basis of the composition and amount of tree 
pollen as compared to the contribution of the herbs, but it is 
possible that shortlived ameliorations of the climate without 
an immediate migration of trees may have taken place. If 
information concerning the environment during these pe­
riods is required it is therefore necessary to estimate the 
environmental demands of those herbs and waterplants that 

1 Manuscript received: 1979-04-26. 
Revised manuscript received and accepted: 1979-06-22. 

2 Danmarks Geologiske Unders0gelse, Thoravej 31, COPENHA­
GEN, Denmark. 

did have time to immigrate. 
In many diagrams a low percentage of redeposited pollen 

and spore types is found, some time spans being only re­
presented by one diagram; the interpretation consequently 
may become somewhat uncertain, because it is not quite 
certain whether the plants used for the temperature estimates 
did indeed grow at the site at the time of deposition. 

During the 13th Nordiske Geologiske Vinterm0de (Co­
penhagen, 1978) a preliminary outline was given of the tem­
perature demands of some plant species used for the recon­
struction of former climates (KOLSTRUP, 1978). In the 
meantime a further elaboration of these temperature de­
mands has resulted both in a greater precision of some tem­
perature estimates and a re-assessment of some of the mini­
ma given at that meeting. 

METHOD 

The method for the deduction of the minimum mean July 
temperatures as well as the uncertainties of this method are 
given in KOLSTRUP (in prep.). Here it need only be mentioned 
that most plants, both aquatic and terrestrial ones, seem to 
occur commonly below a certain altitude both in Scandinavia 
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and in the Alps and to become scarcer and finally to disap­
pear altogether at higher altitudes (HEGI, 1906-1931, 1935- ; 
HULTEN, 1971). Consequently, tentative minimum mean July 
temperature demands for the individual plant species may be 
deduced from a comparison of the present highest altitude at 
which the plants appear in Scandinavia and in the Alps with 
July temperature maps from these areas. 

In the present paper only the July temperature will be 
dealt with. Additional ecological information concerning the 
various periods mentioned below can be found in CLEVERINGA 
ET AL. (1977), KOLSTRUP (in prep.) and KOLSTRUP & WUMSTRA 
(1977). 

TEMPERATURE ESTIMATES 

In figure 1 the plant species are listed in the upper part ac­
cording to their minimum mean July temperature demands. 
The lowest temperatures are to the left, the highest to the 
right. Where more plants seem to have the same minimum 
demands they are listed alphabetically within the group. In 
the left hand part of the figure a time table is given together 
with the Pleniglacial and Late-Glacial Weichselian periods 
and deposits. 

In the figure a dot indicates low percentages or single finds 
of pollen and in some cases of seeds. A dot with an X across it 
indicates an abundance of the species. The plant species indi­
cated in the figure represent records of BEHRE (1966: Late­
Glacial), BOHNCKE & DEE (in prep.: Late Glacial). CLEVERIN­
GA ET AL. (1977: Late Glacial), VAN DER HAMMEN (1951: Late­
Glacial), KOLSTRUP & WIJMSTRA (1977: Pleniglacial), VANDEN­
BERGHE & GULLENTOPS (1977: Pleniglacial) and ZAG WUN 
(1974: Pleniglacial). 

Additionally, palaeobotanical evidence from three new lo­
calities is presented, namely from Epe, Staphorst, and Vijve­
kapelle (KOLSTRUP, in prep.). Possibly the Epe time re­
presents a short warmer period. As it is uncertain whether it 
overlaps in time with the Susaca-Raunis Interstadial (vAN 
DER HAMMEN & VOGEL, 1966; DREIMANIS, 1966), it is provisio­
nally given the local name of Epe Interstadial. Whether the 
deposits from Staphorst and Vijvekapelle also represent 
warmer intervals is doubtful. 

Each time span is represented by a single line. This means 
that shorter, cooler phases within a certain time span are not 
reflected in the temperature curve. This is a drawback of the 
method as used here, but it is always possible to split up a 
well-dated period, such as the Allernd or the Late Dryas, 
into shorter intervals. 

In the right hand part of the figure the estimated minimum 
mean July temperatures are given for the various periods. 

A perusal of the various time spans indicated in figure 1 
from the bottom to the top shows that during the lower part 
of the Moershoofd Interstadial Complex several plant species 

cover the whole temperature range between 7 °C ana 13 °C. 
However, only one specimen with a minimum July tempera-

ture of 12-13 °C was found, and as all types have only been 
found in small amounts, it is concluded that the July tem­
perature was periodically around 13 °C, provided of course 
that the plant species used as indicators grew in situ in these 
localities. In the younger part of the Moershoofd Interstadial 
Complex fewer temperature indicators are found. There is 
good evidence of a mean of 10 °C, and only one single speci­
men was found with a higher temperature requirement. 
Therefore, the more cautious estimate of 10 °C for July has 
been adopted. 

In the lower part of the Hengelo Interstadial a great va­
riety of species is present covering the whole temperature 
range. Therefore, the minimum mean July temperature was 
probably around 13 °C, possibly 15 °C at times. In the upper 
part of the Hengelo Interstadial fewer species are present, 
but there is a broad spectrum of species with minimum de­
mands lying between 7 and 13 °C. Accordingly the minimum 
average July temperature was probably about 13 °C. 

Indicator plants are poorly represented in the Denekamp 
Interstadial. The most thermophilous taxon, viz. Myriophyl­
lum, has a minimum of about 10 °C, but as it is not abundant, 
the mean July temperature cannot have much exceeded 
10 oc. 

Also in the older deposits from Vijvekapelle the number of 
species was low and the mean July temperature has probably 
been in the order of 9 to 10 °C. 

In the younger deposit from Vijvekapelle there is an abun­
dance of Selaginella selaginoides. Taking the present tem­
perature demands of this species into account (MAMAKOWA, 
1970; KOLSTRUP, in prep.), the average July temperature may 
have been at least 7 °C, and probably 8 to 10 °C is a reasona­
ble estimate. 
Also the specimens found in the deposit from Staphorst 

point to a July temperature around l0°C. The great amount 
of secondary pollen in this locality renders the conclusions 
somewhat uncertain, however. 

From the Epe locality both pollen and seeds have been 
studied which proved to belong to a fair number of species 
and the July temperature was probably 12 °C or more. Tem­
perature indicators suggesting a July temperature above 12 
°C are present, but the fact that a relatively high percentage 
of secondary pollen is present renders a higher temperature 
estimate somewhat uncertain. 

Plant species that may be used as temperature indicators 
are of frequent occurrence during all periods of the Late-Gla­
cial. This abundance is partly due to the fact that several 
diagrams covering the same time interval are included. 

The B01ling time is well represented with species in all 
temperature groups, and consequently the temperature may 
have been in the order of 13 °C or more. Also during the 
Earlier Dryas the temperature may have been high. A single 
find of Typha angustifolia in this zone may even indicate a 
July temperature of 14 °C or more. During the Allernd the 
deduced July temperature was about the same as during the 
B01ling time, and the Late Dryas cannot have been very cold 
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either. There may have been a small decrease as compared to 
the Allernd, but the July temperature was probably in the 
order of 12 to 13 °C, at least during part of the time. 

CONCLUSIONS 

A comparison between the present minimum mean July 
temperature estimates and those of VAN DER HAMMEN ET AL. 

(1967) shows some differences. In the latter estimates the 
mean July temperature for the Pleniglacial does not exceed 
10 °C. The mean July temperature for the B0lling is around 
11 °C, for the Earlier Dryas less than 10 °C, for the Allernd 
around 14 °C and for the Late Dryas about 10 °C. 

The main reason for the discrepancies between the two 
curves is that previously the temperature estimates were ba­
sed on the tree-line (VAN DER HAMMEN ET AL., 1967) while 
now they are based on herbs and waterplants. As some of the 
herbs and waterplants are less dependant on soil develop­
ment (compare IVERSEN, 1954) and less delayed in their mi­
gration than are the trees, the present method is thought to 
give an improved estimate of the former temperature con­
ditions compared to the method based on the tree-line. 

The temperatures indicated in figure 1 are only tentative. 
It is highly probable that new diagrams will add more speci­
mens to the list and this may conceivably result in higher 
temperature estimates. 

New diagrams may elucidate the question of whether the 
fossil remains of some of the less well represented ther­
mophilous species recorded till now were redeposited or in­
dicate that the plants actually grew in situ at the time of 
deposition. 
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