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Synopsis

In recent years, our knowledge of the environmental history of the past one million years of 
the earth has increased rapidly. The analysis of microfossils, such as pollen and foraminifera, 
in deep sections of lake sediments and oceans has greatly contributed to this knowledge, as also 
has the analysis of isotopes, including absolute dating, and indirect dating by the paleomagne- 
tic method.

In this lecture some of the more relevant studies are discussed, first from Europe, then from 
tropical areas and finally from the oceans. A sequence of many cold, warm, dry or wet periods 
may be recognised and dated.

At the end some more general conclusions are drawn, and the importance of the new data, 
the cause of climatic change and possible future developments are shortly discussed.
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Introduction
About 18,000 years ago the aspect of our earth was 
quite different from now. Huge masses of land-ice, 
up to several kilometres thick, covered the northern 
part of Europe and North America. South of the 
ice-border, Europe was covered by polar deserts, 
tundra or cold steppes, and apparently no trees 
were growing north of the Alps. Some 13,000 years 
ago, at the beginning of the Late-Glacial, the ice 
started to melt away rapidly, and the ice-border re
treated northwardly. One after another, arbores
cent species migrated into areas formerly covered 
by tundras and steppes. About 10,000 years before 
the present, central and western Europe was cov
ered by birch and pine forests which in the next 
few thousand years developed into deciduous oak, 
lime and elm forests. If Man would not have de
forested Europe, the present situation to-day would 
have remained very much the same.

To obtain a better idea of the magnitude of this 
type of climatic change, one should imagine what 
would happen here if ice-age conditions would re
turn: cities like New York, Oslo, Stockholm and 
Copenhagen would be stripped off the surface of 
the earth by the slowly advancing glaciers. Nobody 
of our generation will see this happen. Is it at all 
possible that ice-age conditions will return at some 
time in the next thousands of years or so? We shall 
deal with this problem later on, after having dis
cussed the changes in life conditions on earth during 
the last million years. It will be tried to answer first 
of all such questions as how many times were the 
northern continents partly covered with continental 
ice-sheets? — how many glacials and interglacials 
have been recognised? - how was the rest of the 
world affected? - and what do we know about the 

tropics and the oceans? Much we have learned of 
such matters during the last few years, and we are 
coming very close already to a more complete pic
ture in space and time of the ice-age world.

The main contributions to this picture were pro
vided by the palynological analysis of lake sedi
ments and by the study of sediments on the ocean 
floor. Plants produce pollen grains. Pollen grains 
of different families or genera of plants can be re
cognised with the aid of a good research micro
scope. Pollen grains are often released in the atmos
phere, and may eventually return to the surface of 
the earth as “pollen rain”. The pollen rain may 
give a more or less distorted picture of the stands 
of vegetation that produced it. When the vegetation 
in an area changes, the pollen rain also changes. 
When the pollen rain falls into a lake or peatbog, 
it is conserved in the sediment. From series of such 
sediments we can take successive samples and ex
tract the remains of the pollen grains from them. 
After studying and counting the latter with the aid 
of the microscope, the results can be represented in 
a so-called pollen diagram, which illustrates the 
changing pollen deposition in time in a certain 
place. A pollen diagram may be translated into 
vegetational history, and indirectly into a history 
of the general environment.

In much the same way the history of the oceanic 
environment may be deduced from the study of 
Foraminifera (and of other micro-organisms) in the 
sediment on the ocean floors. The isotopic oxygen 
composition of the calcareous tests of these animals 
yields data concerning the volume of ice accumu
lated on the continents. Different dating-techniques 
(including indirect ones such as paleomagnetism) 
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allow for correlation between the records from the 
ocean and those from the continents.

In order to draw up a first draft of prevailing 
world-wide conditions one must in the first place 
consider what, in broad lines, is known from Europe 
and the Mediterranean area. Subsequently tropical 
South America, and later, more concisely, tropical 
Africa and Australia will successively be treated. 
Finally the recent results of paleo-oceanographic re
search and the computer simulation of the global 
glacial climate will be discussed. Some time ago 
another source of information became available, 
viz., thick layers ofinland ice accumulated in Green
land and in Antarctica. It was the Danish scientist 
W. Dansgaard who did pioneer work in this field. 
The isotopic oxygen composition of these ice masses 
yields data relating to the atmospheric temperatures 
of former times.

Europe
The natural vegetation cover of Europe has largely 
been destroyed by Man, but on the basis of what 
is left (mainly secondary vegetation) it is not dif
ficult to reconstruct the principal original vegeta
tion zones (Fig. 4: above). Along the arctic ocean 
there was a strip of tundra followed to the south 
by a zone of subarctic birch {Betula) forests be
coming gradually denser southwards. The next 
zones consisted of pine {Pinus) and finally spruce 
{Picea) forests together indicated on the map as the 
zone of “Boreal Coniferous forest”. Farther south
ward lay the zone of Central-European deciduous 
forests, with oak {Quercus) and beech {Fagus) as the 
most common trees, elm {Ulmus), ash {Fraxinus), 
lime {Tilia), hornbeam {Carpinus), and hazel 
{Corylus) occurring regularly where soil and ground 
water conditions were favourable for their growth. 
South of the Pyrenees and the Alps lay the zone of 
the warm and mediterranean oak forest, where also 
evergreen species of oak occurred. This latitudinal 
zonation was and still is largely determinated by 
the prevailing temperature ranges. Towards the 

east, the climate becomes more continental and a 
wedgelike zone of steppes and semi-deserts, bro
adening from the Donaudelta towards the east, is 
present. At the same time the zone of deciduous 
forest narrows towards the east, and finally disap
pears, so that, very generally speaking, there is a 
north-south (latitudinal) gradient of temperature 
and a west-east (longitudinal) gradient of precipi
tation.

Let us see what the pollen diagrams from the last 
130.000 years can tell us of the changes in life 
conditions in that period (Fig. 1). The width of 
the diagrams represents the pollen total (trees and 
“dry” herbs). The percentages of a number of 
abundant genera or ecological groups of genera 
are indicated cumulatively in such a way that the 
forest elements are at the left and the elements of 
the open vegetation at the right. The history can 
thus be read from the base (the older part) to the 
top (the younger part).

The diagram at the right (from the Grande Pile, 
in the Vosges, Northern France) is the only con
tinuous diagram we have from Western Europe. 
The diagram is drawn in a very simple way so as 
to show clearly the most important changes, namely 
the proportional changes of forest elements and of 
elements of the open vegetation types. At the base, 
the elements of open vegetation, representing a 
tundra-like vegetation, predominate, so that this 
part represents the end of what is probably the 
penultimate glaciation. Later the forest takes over, 
and the pollen spectra leave no doubt that the sur
roundings of the bog were now densely forested. 
This period characterised by dense woodland, 
mainly of the Central European mixed deciduous 
forest type, persisted for a long time, but was twice 
interrupted by relatively short periods with ‘cold’, 
open vegetation. The long tripartite forest period 
might in its entirity be considered to be an inter
glacial, but most probably only the lowest part cor
responds with the typical Eemian interglacial (see 
below). The next interval of the diagram is one 
characterised by the predominance of open, ‘cold’ 
vegetation, and the period is only interrupted by
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minor increases of forest elements. 14C Dates from 
the upper part of this interval, indicate ages of 
30,000 years and younger, and there is no doubt 
that this whole “tundra period” corresponds with 
the Last Glacial (the Weichselian). The uppermost 
part of the diagram, representing the last 10,000 
years, our present period, the Holocene, is once 
more a forest phase.

The diagram in the middle of Fig. 1 is from the 
Netherlands. It is a composite diagram compiled 
from a number of diagrams from different sites that 
could be placed in the right order by means of 
stratigraphical correlation and 14C dating. The 
lower part again represents open tundra-like vege
tation of the end of the penultimate glacial: the 
glacial till lies immediately below it. A forest pe
riod, corresponding with the typical Eemian (con
sidered to be the last interglacial), follows. First 
there is a phase of birch and pine forest (as now 
found in the zone south of the tundra in Northern 
Europe), but from here it leads directly to decid
uous forest of oak, elm, lime, etc. Later hornbeam 
enters and also fir and spruce. Heather (Ericaceae) 
increases and pine and birch take over again to be
come finally replaced by open, ‘cold’ vegetation. 
This interglacial sequence is primarily caused by 
the increase and subsequent decrease of the average 
temperature (and by the resulting displacements of 
vegetation belts), but also by the time required by 
different plants to migrate, and by the develop
ment (maturation, or degradation, as the case may 
be) of soils.

The cold period immediately following the 
Eemian did not last very long. A period followed 
with fluctuatung conditions, sometimes warmer 
(the Amersfoort, Brørup and Odderade “inter- 
stadials”), but sometimes colder (the “stadials” 
between them).

This period will here be called the “Early 
Glacial” of the Weichselian; during this period 
the climate apparently never became as mild as 
in an interglacial one. After this Early Glacial the 
climate became extremely cold (the Lower Pleni- 
glacial). There is no pollen record available from 

that interval, but it can be recognised from the 
unmistakable signs left by the heavy action of frost 
upon the sediments of that time. There must have 
been a very scanty vegetation cover and the land
scape is probably best described by the term “polar 
desert”.

During the next interval (the Middle Pleni- 
glacial) different conditions prevailed. There is 
ample evidence of tundra vegetation and of fluvia
tile sediments. The climate was cold and humid. 
There are three short intervals during which shrub 
tundra vegetation developed, with abundant dwarf 
birch, 14C-dated as about 45,000, 38,000 and 
30,000 years B.P. : the Moershoofd, Hengelo and 
Denekamp interstadials, respectively. The cli
mate improved slightly during these phases which 
correspond more or less with the southernmost tun
dra zone.

After about 29,000 B.P. the climate deteriorated 
again (the Upper Pleniglacial), and the presence 
of frost-wedge polygons and other frost phenomena 
in the sediments indicate a very severe climate with 
permafrost and very little vegetation. The climate 
was very cold and dry, causing a polar desert. This 
Upper Pleniglacial, lasting till about 13,000 B.P., 
corresponds with the main cold period of the last 
glacial, the maximum extension of landice being 
reached by about 20,000-18,000 B.P.

After about 14,000 B.P., but in any case after 
about 12,600 B.P., the climate ameliorated notably 
(this marks the beginning of the Late Glacial), and 
although trees had not yet arrived, herbs requiring 
relatively high July temperatures immigrated or 
extended their ranges. Around 12,400 B.P. the 
first birches arrived and formed a kind of park 
landscape (the Bølling “interstadial”).

During a short period of a few hundred years 
(Earlier Dryas time) the trees disappeared again, 
possibly because of severe continental climatic con
ditions, but they re-appeared soon already at the 
beginning of the Allerød-interstadial (c. 11,800 
B.P.). Soon the Netherlands became covered by 
dense birch forest and a few centuries later pine 
immigrated and soon became an important ele- 
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ment of the forest. Once again this forest disap
peared partly, namely during the Late Dryas time 
(10,900-10,150 years B.P.) when the inland ice ex
tended to the central Swedish endmoraines, to 
close more definitely at the beginning of the Holo
cene. The Holocene began with a period of birch 
and subsequently pine forest (Preboreal), followed 
by a pine-hazel period when thermophilous trees 
such as oak, elm and lime gradually took over (the 
Boreal) and a humid and warm oak-lime period 
with alder extending considerably (the Atlantic). 
The partly drier Subboreal follows with elm de
clining and beech immigrating, and the somewhat 
cooler and more humid Subatlantic (when beech 
and hornbeam extended strongly) when Man, after 
his first agricultural activities in the late Atlantic 
and Subboreal, finally destroyed the forest almost 
completely.

Let us now turn to the diagram at the left of 
Fig. 1. It is a continuous diagram, and reflects the 
vegetational changes in northeastern Greece (Phi
lippi) ; we know, however, that a more or less sim
ilar succession took place in other parts of the 
northern Mediterranean (in Italy and in Spain), 
and the diagram from Greece, therefore, gives a 
good idea of what happened in this part of the 
world.

The changes registered are likewise alternations 
of forests and open vegetation. However, in this 
case the open vegetation types contained so much 
more Artemisia and Chenopodiaceae that we have 
to consider it to have been a cool steppe vegetation 
type and not a tundra, while it could be established 
that the forest contained, at least during certain 
intervals, typical mediterranean species such as 
evergreen oaks, Pistacia, Olea, etc. Once this has 
been established, it is easy to subdivide the diagram 
(above the lowermost records with steppe ele
ments) into three major parts: at the base an ex
tended tripartite forest period followed by a steppe 
period of appreciable duration, and a final forest 
period. 14C dates from the upper half of the dia
gram indicate that the extended steppe period is 
contemporaneous with the last Glacial, and the 

upper woodland part of the diagram corresponds 
with the Holocene. It is, therefore, most likely that 
the lower forest zone corresponds with the last 
interglacial. The similarity with the Grande Pile 
diagram is striking, and a correlation of this entire 
tripartite interval with the Eemian and the Early 
Glacial is conceivable but not certain.

During the long “glacial” steppe period, the an
nual rainfall must have been very low, because, as 
will be pointed out below, it could not have been 
the temperature that prevented tree growth. 
During short intervals the effective rainfall must 
have increased slightly, because pine or oak could 
locally extend their distributional areas, and, asfar 
as could be established by 14C dating, these inter
vals correspond with interstadials in the north. The 
Late-Glacial changes of climate also seem to be re
presented.

The obvious conclusion is, therefore, that steppes, 
and locally steppe forests, dominated the landscape 
in Eastern Macedonia (and the north Mediter
ranean lowlands in general) during the main part 
of the last Glacial, and it seems logical to accept 
that at that time the East European and Central 
Asiatic steppe zone extended much father to the 
west, and the climate in the north Mediterranean 
was much more continental with a very low rain
fall.

Now that a picture of the last glacial period of 
a cold and treeless northern and central Europe is 
emerging, one may wonder where the thermo
philous trees of the present central European de
ciduous forest may have survived. The answer to 
this question may be found by a perusal of other 
diagrams from the Balkan mountains. In Fig. 2 a 
diagram from an altitude of 500 m in Western 
Macedonia (Ioannina) is shown at the left, and at 
the right the corresponding part of the Philippi 
diagram just discussed (elev. c. 50 m). The lower 
forest-period does not show special features, but 
there are significant differences between the two 
diagrams concerning the last glacial steppe inter
val. While all trees seem to have disappeared in the 
lowland Philippi-site, the percentage of steppe ele-
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Fig. 2.
Pollen diagrams representing the 
last 80,000 years in Western Mace
donia (Ioannina, altitude c. 500 m) 
and Eastern Macedonia (Philippi, 
altitude c. 50 m). (From Van der 
Hammen et al., 1971; redrawn, 
after Bottema and Wijmstra).
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ments was considerably lower at the mountain 
site, and there is a continuous presence of pollen 
of oaks {Quereus) and beech (Fagus'). This fact 
strongly suggests the presence, at least locally, of 
a more humid montane zone at about 500 m alti- 

Fig. 3.
Schematic representation of the floral formations during an 
interglacial and during a glacial, in a south-north section 
through Europe. (From Van der Hammen et al., 1971).

tude in the Balkan mountains, where trees could 
take refuge. Situations in which a relatively narrow 
belt of montane forest lies between dry steppe and 
cold “alpine” vegetation, or between cool and cold 
steppe vegetation types, occur at present in such 
widely separated regions as the Central Asian High
lands (e.g., Pamir), Peru, and the southwestern 
United States.

In Figs. 3 and 4 a diagrammatic and partly ten
tative representation is given of the present situa
tion (an interglacial) and the situation prevailing 
18,000 years ago (during a glacial). They are 
based on the evidence from the pollen diagrams 
discussed here and from many other ones, and on 
additional (geological) data.

Fig. 3 shows a diagrammatic section through 
Europe, from the Arctic Ocean to the Mediter
ranean sea, demonstrating the profound changes 
that took place, and indicating the position of the 
local more humid montane forest zone in the south.

In Fig. 4 the local montane forest zone could not

be indicated, but it is even more impressive than 
Fig. 3. Forest disappeared almost completely from 
Europe, in the north primarily because of the 
lowered temperature, and in the south primarily 
owing to the low effective precipitation. It follows 
that vegetation zones moved from north to south 
and from east to west, polar desert and tundra 
covering northern Europe (south of the continental 
ice sheet) and steppe vegetations southern Europe.

So far we have been discussing the changes in 
life conditions of the last 130,000 years in rather 
relative terms. One may wonder whether it is pos
sible to procure more exact data, e.g., in terms of 
degrees Celsius and millimetres of precipitation. 
The present climatic conditions prevailing in cer
tain vegetation zones and zone-boundaries may 
serve as a yard-stick for former climatic data. This 
has been done for the Netherlands, and the results 
pertaining to the last interglacial-glacial cycle are 
shown in Fig. 5, in terms of the mean July tem
perature, a 5°C limit being taken as indicative of
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Fig. 4.
Principal vegetation (formation) zones of Europe to-day 
(Holocene) and during the maximum of the last Glacial 
(18,000 yrs. B. P.). (The last map, simplified and adapted 
from Frenzel, 1967, is only tentative). The local montane 
forest zone in the Mediterranean mountains could not be 
indicated on this scale.

the boundary polar desert-tundra, a 10°C limit for 
the boundary (shrub-)tundra-forest, etc.

Certain boundaries do not depend (or do not 
depend only) on the mean July temperature, how
ever, but also on other ecological factors such as the 
winter temperatures, the amount of effective pre
cipitation, and the distribution and thickness of the 
snow cover during the winter season. This renders 
a more exact estimate rather difficult. The best 
procedure seems to be the compilation of all avail
able ecological information relating to the plant 
formations found and to the autecology of the in
dividual plant species represented by pollen or by 
seeds. This approach is not always easy, however, 
since plants now growing at high latitudes in the 
arctic zone, may have different limiting boundary 
conditions when growing at lower latitudes (be
cause both the quantity of the solar radiation re
ceived by the plants and its distribution throughout 
the year - such as day-length - are different).

As far as those plants growing in the arctic and 
at higher elevations in the Alps, or in other moun
tains at lower latitudes, are concerned, this problem 
may conceivably be solved in principle, but this 
does not hold for those growing only in the arctic. 
These and similar problems were discussed already 
by the great Danish master of paleoecology Johan
nes Iversen.

Anyhow, new advances are being made along 
the lines indicated above, and somewhat more re
liable results may be expected in a not too distant 
future. As far as we ascertain, it seems that during 
certain intervals the average July temperature may 
have been somewhat higher than estimated before, 
while wintertemperatures may have been very 
much lower.

Once our present paleoclimatic knowledge of the 
last 130,000 years has been compiled, one may 
wonder what can be said about the preceding geo
logical period. Much relevant evidence has been 
gathered in the last few years. The beginning of 
the Quaternary, Ê«., of the period of strong climatic 
changes known as glacials and interglacials, may 
be placed as far back as three million years. It has
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Climatic curve (average July temperatures) for the last Gla
cial in the Netherlands. The curve is based on the climatic 
evaluation of vegetational changes and of periglacial phe
nomena, and partly still tentative. (After Van der Hammen 
et al., 1967).

also become known, that there were many more 
glacial and interglacial periods, probably more than 
20, of which most are older than the classic four 
alpine glacials. Previous to the Quaternary there 
was a very rich flora of East-Asiatic affinity that 
disappeared from Europe little by little on account 
of the local extinction of elements caused by the 
repeated glaciation of northern Europe and the 
central European mountains (the Asiatic elements 
survived in East Asia because a southward migra
tion to warmer climatic belts was possible through
out).

There is no continuous section from northern 
and western Europe in which all or many of the 
glacials and interglacials are represented, and the 
present state of our knowledge has been built up 
in a cumbersome way from several isolated frag
ments. It is still a question whether all the major 
glacials and interglacials are known already, and 
the correlation between and the stratigraphic posi
tion of certain glacial and interglacial deposits are 
not always established beyond reasonable doubt.

In the Mediterranean area on the other hand, 
thick lake and peat deposits are present in certain 
“basins” and provided rather extended, continuous 
pollen diagrams. The best and longest of these is 
from Eastern Macedonia (Philippi), the continua
tion of the section discussed above. So far about 
120 m of this more than 300 m thick, continuous 
deposit has been analysed, and the remainder has 
already been sampled. In the near future we may 
expect to have at our disposal a continuous pollen 
diagram covering most of the Quaternary se
quence. At the moment only the pollen diagram 
of the upper 120 metres is available corresponding 
with a time-span covering the last 600,000 years. 
A general, diagrammatic representation of this 
unique diagram is shown in Fig. 6. The upper 35 
metres correspond with the last interglacial-glacial 
cycle and the Holocene, and has already been dis
cussed above. Downwards the same kind of inter
mittent change continues cyclically, and at least 5 
or 6 major steppe periods can be recognised apart 
from several minor ones, all alternating with wood
land periods. Altogether there may have been 
about 7 interglacial-glacial cycles. Some of the 
warmer interglacials (or groups of interglacials) 
have been given local names, so as to facilitate the 
discussion concerning their possible correlation 
with certain interglacials recorded from Northern 
Europe. The correlation is still very tentative, but 
one may trust that with the aid of paleomagnetic 
data for correlation and indirect dating, these 
problems will be solved in due time.
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Fig. 6.
Pollen diagram of 120 m of lake sediments and peat, repre
senting the last 600,000 years, from Eastern Macedonia 
(Philippi). (After Wijmstra in Van der Hammen et al, 1967).

The South American Tropics
After having noted the profound changes in life 
conditions which have taken place in what at pres
ent are the cold and temperate zones, one may 
well ask what happened meanwhile in the tropics.

In order to arrive at an answer to that question, 
one may first follow the events in the South Amer
ican tropics, primarily in the tropical northern 
Andes. In these mountains there is manifest alti
tudinal differentiation of the ecological conditions, 
as in any other comparable mountain range else
where in the world. There is, however, one para
mount difference between high mountains in the 
tropics and those in temperate zones: the tropical 
ones have no termal seasonality but a diurnal cli
matic cycle. Every day the temperature becomes 
relatively high, and there may be frost almost every 
night. This has one great advantage for the paleo
ecologist: one does not have to take different sum
mer and winter temperatures into account, but 
only the average annual temperature.

The principal vegetation belts of the northern 
Andes are shown diagrammatical in a W-E section 
through the Colombian Cordillera Oriental (Fig. 
8: left).

The lower tropical forest belt, very rich in species, 
extends from the lowlands to about 1000 m alti
tude. Where the climate exhibits a pronounced 
seasonality in the rainfall (and where the total 
amount of precipitation is lower), savannahs and 
dry tropical woodlands may be present, or even 
xerophytic vegetation.

The belt of Subandean forest lies between 1000 m 
and 2300 m, and is followed between 2300 and 
about 3500 m, by the Andean forest. The floristic 
and quantitative composition differs from belt to 
belt. The limit between the Subandean and Andean 
forest seems to correspond approximately with the 
elevation above which night frost may occur. While 
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the proportion of elements with a tropical origin is 
still very high in the Subandean forest, in the 
Andean forest there is a considerable proportion of 
elements with a southern (austral-antarctic) or 
northern (holarctic) origin. An example of the 
first-mentioned group is the genus Weinmannia and 
of the second oaks (Quercus) and alders (Alnus'). In 
the Subandean belt, and more particularly in the 
Andean belt, cloud forests occur on the wet outer 
slopes; these forests lie in zones with a very high 
atmospheric humidity and generally with a high 
precipitation and are extremely rich in bryophytes 
and vascular epiphytes. On the inner slopes often 
drier forest types occur, and in the deeper longi
tudinal valleys, or otherwise in the rain shadow, 
xerophytic vegetation may occur. The upper limit 
of the Andean forest corresponds approximately 
with the altitudinal forest limit. Above it lies the 
so-called Paramo zone. There may, however, be a 
low forest with Polylepis, Escallonia and/or certain 
Compositae and Ericaceae locally attaining alti
tudes up to 4000 m.

The Paramo belt can be divided in three sub
zones, viz., (1) the Subparamo, where low shrubs 
of Compositae, Miconia, Hypericum, Arcytophyllum 
and many other taxa are still abundant in the 
otherwise open stands of vegetation; (2) the proper 
Grass paramo, where bunch grasses or small bam
boos dominate together with the highly character
istic stem-borne rosettes (“caulirossula”) of the 
Espeletiinae; and (3) the Superparamo where the 
vegetation cover is incomplete and the soil freezes 
and thaws every night and day. The following or 
nival zone extends from about 4800 m upwards ; 
the most elevated areas are usually covered with 
permanent snow and ice.

The altitudinal position of these belts depends 
principally on the average annual temperature, al
though the humidity also exerts some influence. 
The average annual temperatures of the lower 
tropical belt range from about 30° to 24° C, of the 
sub-Andean belt from 24° to 15°C, of the Andean 
belt from 15° to 8°C, and of the Paramo belt from 
8°-0°C.

The pollen diagrams shown here are from the 
high plains in the Cordillera Oriental, at an ele
vation of about 2600 m (indicated diagrammati- 
cally in Fig. 8). The first diagram (Fig. 7) is from 
a layer of about 12 m of sediments from lake 
Fuquene, representing the last 30,000 years. The 
diagram is made in the same way as the European 
ones: at the left are the forest elements, at the right 
the elements of low, open vegetation. The pollen 
types are arranged in groups corresponding with 
the vegetation belts; some of these types are from 
plants exclusively occurring in only one of the 
belts, and other ones being principally restricted 
in their occurrence to a belt or appear to be dom
inant in that belt. The grasses and typical Paramo 
plants belong to the group of Paramo-elements, 
Compositae, Hypericum and some other taxa to the 
Sub-paramo group, Weinmannia, Quer eus, etc. to the 
Andean and Subandean group, and Cecropia, Aca- 
lypha and Alchornea to the Subandean group. These 
groups are placed from right to left in this order. 
At the right of the main diagram some separate 
curves of important elements are drawn.

The diagram starts from the 30,000 B.P. level, 
with a phase characterised by dominating Sub
paramo elements (to-day occurring at a 1000 m 
higher altitude). In this case the indicator is Poly
lepis, a typical high Andean tree of the rose family, 
which apparently formed a dense and relatively 
broad zone above the zone of Andean forest 
proper. A few millennia later, the Sub-påramo 
species gradually disappeared to become replaced 
by Grass påramo elements, and the lake became 
completely surrounded by open Paramo vegeta
tion. At the same time the aquatic plant Myrio- 
phyllum, to-day very common along the shores of 
Paramo lakes, extended considerably. About 20,000 
years ago apparently the maximum of cold seemed 
to have been attained and the lake level dropped 
appreciably as indicated by the marked increase of 
pollen from plants of the hygrosere and also by the 
type (facies) of sediment. Some 13,000 years ago 
a sudden rise of lake level occurred, Andean forest 
elements invaded the area, and a pioneer of eroded
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Fig. 7.
Pollen diagram from Laguna de Fuquene at 2580 m alt. in the 
Cordillera Oriental, Colombia, representing the last 30,000 
years. At the right the corresponding curves of displacement 
of the vegetation zones and fluctuations of the lake level. 
Some 14C dates are indicated at the extreme left. (From Van 
der Hammen, 1974, adapted; after an original diagram of 
Van Geel & Van der Hammen).

soils, Dodonaea, extended its area temporarily. 
Shortly after 11,000 B.P. the forest disappeared 
temporarily to be replaced by Sub-paramo vege
tation, but shortly after 10,000 B.P. the Andean 
forest re-invaded the area and, somewhat later 
even Sub-andean elements appeared, which indi
cates that the temperature must have been slightly 
higher than it is at present. Later, however, prob
ably about 3000 years ago, these forest elements 
disappeared gradually again. Human influence be
gan and, since the arrival of the Spaniards, the 
forest in the area was completely destroyed (stim
ulating an increase of the Paramo group of ele
ments, here only represented by grasses), and 
Dodonaea colonized the eroded soils.

The curves at the right side of Fig. 7 indicate 
the movements of vegetational belts and the fluctu
ations of the lake level, both as deduced from the 
pollen diagram. The form of the first curve is 
strikingly similar to the corresponding European 
temperature curve.

The vertical displacement of vegetation zones 
during the coldest phase must have been of the 
order of 1200-1500 m; at the same time the arid
ity was high. Taking these factors into account, the 
average annual temperature may have been 8°C 
(and in any case at least 6°-7°C) lower than it is 
to-day, and the annual rainfall may not have ex
ceeded 100-400 mm, what is less than half of the 
present value of about 890 mm. Another dated 
pollen diagram, from 2000 m alt. and not shown 
here, shows Grass paramo vegetation prior to c. 
12,000 B.P., which also points to a lowering of the 
forest limit by at least 1300 (probably 1500) m as 
compared with its present position. Even taking a 
greater aridity into account, this would likewise 

indicate a lowering of the temperature by 6°-7°C.
In Fig. 8 (right side) the situation of the vegeta

tional belts during the last glacial maximum has 
been indicated and is to be compared with the 
present situation. As we know from other sources 
that the temperature at sea-level cannot have de
creased as much as it did in the high Andes, and 
possibly was only by about 3°C lower, the tem
perature gradient must have been steeper in gla
cial times, and the lower vegetation zones were 
compressed. It is also noteworthy that the surface 
occupied by Paramo vegetation increased con
siderably, and many now isolated Paramo “islands” 
were connected at that time. This is an important 
phenomenon from the point of view of phyto
geography and evolution, especially so because this 
process of disruption and rejoining of areas of dis
tribution was repeated several times.

Let us now turn to the longer sequences. As there 
were large lakes, some of them persisting for mil
lions of years, on the high plains of the Cordillera 
Oriental, unique archives are available in the form 
of hundreds of metres of sediments deposited in 
these lakes. The outlines of three diagrams, two of 
them still unpublished, are presented here (Fig. 9). 
The diagram at the right is also from Fuquene, but 
represents 40 m of sediments and some 100,000 
years of vegetational history. The curve of Polylepis 
is shown separately at the right. Although the de
tails in the upper 12 m are not so clear as in the 
diagram of Fig. 7, the maximum of Paramo-ele
ments and of Polylepis assists in the correlation of 
the diagrams; apparently the sediments of the last 
30,000 years are almost of the same thickness. The 
Grass paramo elements attain very high percent
ages below the Polylepis maximum, but below this 
maximum there is a long sequence of alternating 
forest and (Sub) Paramo intervals. Only the lower
most two forest intervals indeed reflect warmer 
periods of an interglacial character, with an abun
dance of Weinmannia, and they clearly represent the 
last interglacial “complex”; it is striking how much 
the short and violent Paramo-maximum at about 
33 m resembles similar phenomena in the last 
interglacial complex of Europe (compare Fig. 1).
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sediment) about 100,000 years. The lines between the dia
grams connect contemporaneous levels. (Based on unpublished 
Funza and Fuquene diagrams, and on Van der Hammen & 
Gonzalez, 1960).
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The diagram in the middle of Fig. 9 is from 
Bogotå. It represents 30 m and about 500,000 
years, and the sedimentation rate must have been 
much slower than it was in Fuquene. The lake of 
Bogota dried up some 30,000 years ago, at a level 
of approximately — 3 m in the section, the entire 
Upper Pleniglacial being represented by a soil with 
a very high percentage of Paramo elements. This 
was later covered over by Late-Glacial and Holo
cene river clays. The interval between 3 m and 
11 m represents (the remainder of) the whole, ul
timate interglacial-glacial cycle, and downwards 
something like four glacials and three interglacials 
are evident. The lowermost (at c. 30 m) contains 
layers of volcanic ash also present in the corre
sponding interglacial interval at about — 40 m in 
section Funza (Fig, 9, left), where the ashes were 
dated as 0.49 ± 0.06 million years old (by fission
track dating). It thus becomes possible to follow 
the sequence downwards in this 150 m of section, 
with at least 7 interglacial-glacial cycles. On the 
base of data provided by other intercalated ash 
layers the age of the level at about —87 m (inter
glacial) could be dated as 0.99 ± 0.08 million years, 
and another at — 104 m (interglacial) as 1.35 ± 0.39 
million years. Other sections from the high plain 
of Bogota, not shown here, indicate that several 
additional and similar cycles are found downward, 
at least down to a level of something like 3 million 
years old.

Let us now turn to the tropical lowland (be
tween 0 and 400 m alt.). The fact that the tropical 
forest did not become replaced by subtropical 
forest of the sub-Andean type indicates that the 
lowering of the temperature cannot have been 
more than, say, 5°C. For an estimation the surface 
water temperatures of the southern Caribbean Sea, 
which at present has a temperature corresponding 
with the average annual temperature, may serve as 
a yard-stick. As we know from analysis of deep-sea 
sediments that 18,000 years ago the temperature 
was something like 2,5° lower than it is to-day, it 
seems reasonable to estimate a lowering by about 
3°C for the tropical lowlands of South America.

Laguna de Agua Sucia Lake Moreiru
(Llanos Orientales,Colombia) (Rupununi,Guyana)

Fig. 10.
Pollen diagrams from tropical savannah areas. The one at the 
left from lake Agua Sucia (Colombian Llanos Orientales), 
the one at the right from the lake Moreiru (Rupununi 
Savannahs, Guiana). 14C ages in years are indicated at the 
left in the diagrams. The diagrams represent c. 6000 and 
probably > 12,000 years respectively. (Van der Hammen, 
1974; adapted from Wijmstra & Van der Hammen, 1966).

Although we cannot directly deduce any changes 
of temperature from the pollen diagrams of the 
tropical lowlands, there were significant vegeta
tional changes.

Fig. 10 shows two pollen diagrams from present- 
day tropical savannah areas : the Colombian Llanos 
Orientales (left) and the Rupununi Savannah of 
Guiana (right). The first, from Lake Agua Sucia, 
is from an area at present covered for 90°/0 with 
grass savannah and the rest with forest, mainly 
along small streams. The upper spectrum of the 
pollen diagram shows a similar proportional repre
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sentation in the pollen rain. In the grass savannahs 
small trees or shrubs of Byrsonima and Curatella are 
typical elements and it is known that Byrsonima may 
form a type of savannah woodland in other places 
as soon as the circumstances are favourable.

Three groups have been used to draw up the 
pollen diagrams: one (at the right) representing 
open grass savannah elements, one Byrsonima and 
Curatella (middle), and one the other forest ele
ments (left; gallery forest and marsh forest ele
ments). The diagram at the left represents about 
6000 years of vegetational history. After a short 
phase characterised by a high percentage of forest 
elements, elements of the open savannah became 
dominant (in about the same proportion as to-day). 
Apparently, this represents a dry time, because, 
finally, between 4000 and 3800 14C years ago, the 
level of the lake fell, and peat was formed. When 
the lake level rose again, there was a local and 
short-lived maximum of marsh forest elements, but 
subsequently the open savannah was almost com
pletely replaced by Byrsonima woodland. Somewhat 
later the ratio between marsh forest and open sa
vannah elements increased again, and between 
2400 and 2000 years ago die lake level became so 
low again that the area became covered with marsh 
forest once more and again peat was formed.

After c. 2000 B.P. the lake level rose again and 
the local marsh forest disappeared but now human 
influence (mainly through the burning of woody 
vegetation) increasingly becomes stronger until the 
present situation with a dominating grass savannah 
became established.

The diagram at the right in Fig. 10 (Lake 
Moreiru, Guiana), is also from an area dominated 
at present by a grass savannah. From a depth of 
2 metres a 14C date of c. 7300 B.P. is available and 
probably the lower part of the section is of last
glacial age. Between — 6 and — 4 metres Byrsonima 
woodland dominated, but between 3,5 and 4meters 
there was a very high maximum of open savannah 
elements. At the same time the lake level became 
very low (it almost completely dried up) and the 
rate of sedimentation was probably slow. Imme

diately afterwards the lake level began to rise again, 
and a closed Byrsonima woodland dominated the 
area.

From about 8000 B.P. onwards the representa
tion of grass savannah elements increased again, 
with several fluctuations until they finally became 
dominant after 6000 B.P. No direct dating of the 
savannah period of — 3,5 m is available, but it 
might be older than 10,000 B.P. At any rate the 
two diagrams show that considerable vegetational 
change took place in the tropical savannahs, prin
cipally from grass savannah to savannah woodland, 
or vice versa.

The contemporaneous fluctuations of the lake 
level show that the grass savannah phases corre
spond with intervals characterised by a lower ef
fective precipitation. The dry phases between 5000 
and 3800 B.P. and between 2400 and 2000 B.P. are 
also known from the Andean highlands, and pos
sibly the very dry period at — 3,5 m in LakeMoreiru 
equally corresponds with a very dry phase in the 
Andes, e.g., with the dry period between 20,000 
and 13,000 B.P. From other diagrams (from the 
coast of Guiana and Surinam), we know that 
during the last glacial with a low sea level, these 
areas were covered with grass savannahs, which 
is probably indicative of increased seasonality in, 
and a decrease in the annual amount of rainfall.

The supposition that many tropical lowlands 
were drier during glacial times was first brought 
forward by geomorphologists and biogeographers. 
Locally dunes were found underlying tropical rain 
forest, and sometimes indications of a former type 
of erosion and accumulation indicating a great in
stability of the soils. The distribution of species and 
subspecies of birds, reptiles, plants, etc. in, e.g., the 
Amazon rain forest, had already induced biogeo
graphers to postulate dry past periods when rain 
forest was restricted to large “islands” (refugia) 
surrounded by savannahs, where evolution in iso
lation could take place. The first pollen diagrams 
from the Amazon basin suggest that this indeed 
may have been the case, at least locally. The dia
grams (Fig. 11) are from Rondonia, situated in
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Fig. 11.
Pollen diagrams from the Southern part of the Amazon Basin 
(Capoeira and Katira, Rondonia, Brazil). The upper part 
represents the Holocene, the middle and lower portion parts 
of the Pleistocene. (From Van der Hammen, 1974).

the southern part of the basin. The area is nowa
days covered with rain forest, and the upper dia
gram shows the presence of 100°/0 of tropical forest 
elements. Further down, a temporary increase of 
grass pollen is apparent. In the lower diagram, 
tropical rain- and marsh forest elements dominate 
at the base, but they are gradually replaced by ele
ments of grass savannahs, while in the sediment 
there are signs of soil instability in the vicinity. Al
though we have no 14C dates from this site, the 
sediments are most probably of Pleistocene age, 
and the afore-going considerations render a corre
spondence with some very dry part of a glacial 
period very probable.

In Fig. 12 the map at the left indicates the pres
ent distribution of the major vegetation formations 
in northern South America, and the one at the 
right indicates the situation during certain inter
vals of the Pleistocene as reconstructed by biogeog
raphers. To prove or to disprove the details of this 
map additional studies will be required, but there 

can hardly be any doubt that part of the tropical 
rain forest was at least locally replaced by savan
nahs during the driest phases of the glacial periods.

Tropical Africa and Australia
It will now be attempted to complete the picture 
of the continental changes of life condition by men
tioning some evidence from other continents, so as 
to demonstrate the universality of some of the phe
nomena.

The first example is from the East-African high 
mountains. The main vegetation belts on one of 
them, Mount Kenya, are shown in Fig. 13. At the 
base of the mountain, at approximately 1000 m 
alt., there are savannahs and cultivated land. On 
the southern slopes, montane forest is present from 
2000 m alt. upward, but on the northern side forest 
is not found below about 3000 m alt. Podocarpus is 
an important element in this forest. Between about 
2700 m and 3000/3200 m alt. lies the bamboo zone 
(which may be considered to be the upper part of 
the montane forest belt). A narrow belt of Hagenia 
forest with Hypericum follows (3100-3300 m). Hage
nia, like the Andean Polylepis, is a member of the 
rose family, and resembles the latter strikingly both 
in appearance and habitat preference. A belt of 
Ericaceae follows (up to c. 3500 m), in which arbo
rescent representations such as Erica arborea and 
species of Philippia are common in more or less open 
stands with grasses. Then follows the proper 
“Alpine”, open tussock grasslands, with first 
Senecio brassica and the famous Lobelia, higher up 
replaced by the larger Senecio keniodendron with 
stem-rosettes. These ecological forms and as a con
sequence the physiognomy of the landscape, are 
very similar to the high Andean ones ; they are ap
parently life forms adapted to the diurnal climate 
of tropical high mountains. Still higher up (c. 
4500 m) the vegetation cover becomes sparser and 
sparser, and ultimately, permanent snow and gla
ciers are found. In Fig. 14 (left), a pollen diagram 
from Sacred Lake, at an elevation of 2400 m on 
Mount Kenya, is shown.
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Possible situation during driest fases 
of Glacial Periods

Present day situation

[a] tropical rain forest 
savannas/dry vegetation 

;| montane vegetation

Fig. 12.
Maps of Northern South America, with present distribution 
of major vegetation units (above), and with a tentative re
construction of the situation during the driest phases of gla
cial periods, with forest refuges (below). (After Haffer, 1977, 
Prance and others; adapted).

It is based on about 11 m of sediment and, ac
cording to the 14C dates, represents 33,000 years of 
vegetational history. At the base of the diagram, 
open vegetation of the “Alpine” belt dominated, 
but around 30,000 B.P. a marked advance of the 
montane forest, indicating a rise of the forest limit, 
occurred. The local stands of vegetation remained 
open, however. An extended period of dominating, 
open alpine vegetation, followed and persisted till 
the Late Glacial, when the site lay within the 
Hagenia zone of the upper forest belt. After the be
ginning of the Holocene the climate ameliorated 
gradually and finally the montane forest occupied 
the site. From the complete palynological data (not 
shown here), tentative curves of the average an
nual temperature and humidity could be estimated 
(Fig. 14: right); they are drawn on the basis of a 
linear time scale. A calculation indicates that the 
mean annual temperature was at least 5°C lower 
than it is at present. Moreover, it was established 
that during the intervals corresponding with the 
Upper Pleniglacial and with the Late Glacial, the 
climate was relatively dry. At lowland sites, rele
vant data are provided by the fluctuations of the 
levels of the great East-African lakes, of which re
cords of two of them, viz., of Lake Victoria and

mtrs.
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Fig. 13.
Diagrammatic representation of the vegetation belts on Mount 
Kenya (Kenya). (After Coe, 1967).
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Fig. 14.
Pollen diagram from Sacred Lake (alt. 2400 m, Mount 
Kenya), representing the last 33,000 years (left), and the 
climatic interpretation (relative curves for temperature ar.d

humidity on a linear time scale) (right). Left of the pollen 
diagram the 14C dates are indicated. (After Coetzee, 1967; 
adapted).
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Lake Nakuru, are shown here. From Lake Victoria 
(alt. 1134 m) a pollen diagram and a lake level 
curve are available. Only the last is shown here, 
together with a table of the vegetation changes de
duced from the pollen diagram (Fig. 15: left). To
day the area is covered with semi-deciduous forest. 
Before 12,500 B.P. (and possibly back to 20,000 
B.P.) the level of Lake Victoria was very low; it 
even had no outlet, so that the salinity of the water 
was higher. At the same time open grassland must 
have dominated in the area. Both facts point to a 
climate considerably drier than it is to-day, while 
an increase of Podocarpus pollen strongly suggests a 
lowering of the montane forest belt, and hence 
lower annual temperatures. About 12,500 years ago 
a sudden and considerable rise of the lake level 
established the outlet to the Nile again, and the 
water salinity became normal. Forest with abun
dant Oleaceae invaded the former grasslands. There 
was a short dry period before 10,000 B.P. when the 
lake level fell temporarily, which resulted in an ex
tention of open grassland, but after that time the 
lake level became very high again, and the pre
sence of an evergreen forest indicates a climate 
more humid than to-day. The last 6000 years show 
a slightly falling lake level, the vegetation cover 
gradually changing to its present type of semi- 
deciduous forest.

Data from Lake Nakuru (alt. 1763 m) are quite 
concurrent (Fig. 15: right): a low lake level, no 
outlet and high salinity before 12,500 B.P., a very 
high lake level and an outlet after 10,000 B.P., and 
later a falling of lake level leading to the present 
situation with a higher salinity.

These results from equatorial Africa agree rather 
closely with those obtained from the study of sedi
ments of, e.g., Lake Fuquene in equatorial South 
America (compare the curves in Fig. 7) and this 
permits the conclusion that very similar climatic 
trends prevailed in both areas in the last 20,000 
years. An additional curve from Africa is available 
from a site situated farther to the N.W., namely in 
the area of Lake Tchad (13°-18° Northern Lati
tude), based on the history of sedimentation in the

Fig. 15.
Fluctuations of the levels of some East African lakes during 
the last 20,000 years and their relation to the vegetational 
history. The minimum level of the outlet is indicated by a line. 
The vegetational history is reconstructed on the basis of the 
pollen diagram of Lake Victoria. (After Kendall, 1969 
and others; adapted).

area (Fig. 16). It is a relative curve: at the right of 
the vertical line are the lake-phases, at the left the 
phases of more arid climatic conditions with, e.g., 
dune formation. The curve points to a dry climate 
between c. 12,000 B.P. and 20,000 B.P. The lake 
level became high in the period corresponding with 
the Late Glacial and Early Holocene to fall again 
to its present position. Ample evidence from the 
Saharan area reveals that lakes existed in the area 
between 12,500 B.P. and about 6000 B.P., which 
is clearly indicative of a wetter climate with a 
denser vegetation cover than is found nowadays.

New data have recently become available from 
New Guinea and Australia. Only one example is 
given here, viz., a pollen diagram from Lynch’s 
Crater, in N.E. Queensland, Australia (Fig. 17). 
The site is in the area of (sub) tropical broad-leaved
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lake TCHAD

Fig. 16.
Relative curve for 
the humidity in the 
area of Lake Tchad.
(After Servant
& Servant, 1970; 
adapted).

rain forest. Towards the west this forest changes 
into a sclerophyll forest with Eucalyptus trees. The 
diagram is partly 14C dated, and represents a time
span of probably more than 60,000 years. From 
that time onward to about 38,000 B.P. subtropical 
rain forest with abundant stands of Araucaria ex
isted, and the annual rainfall may have been about 
half of the present amount. This forest was grad
ually replaced by sclerophyll vegetation between 
38,000 B.P. and 27,000 B.P., which is indicative of 
a considerable decrease in precipitation. After 
10,000 years B.P. rain forest Angiosperms started 
to dominate, and the present situation was at
tained. The arid phase between 27,000 B.P. and 
the beginning of the Holocene is the most striking 
feature.

Although there arc minor differences in the his
tory of life conditions in the various tropical areas 
discussed, the close correspondence of the major 
trends is remarkable. There is also a clear relation 
with the paleoclimatic events in the northern tem

perate zone, especially as regards the temperature 
fluctuations, but there is often also a coincidence 
of the principal dry phases.

The most important conclusions are that the 
principal trends in climatic changes during the last 
30,000 years were global, and that there was also

Fig. 17.
Pollen diagram of 20 m of sediment from Lynch’s Crater 
(N. E. Queensland, Australia), representing 60,000 years. 
Radiocarbon ages in years B.P. are indicated. (From Ker
shaw, 1967; adapted).
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a correspondence in the sequence of intermittent 
glacial and interglacial periods during the last one 
million years (or conceivably even during a longer 
time-span). This points very strongly to a common 
cause that effected the conditions for life through
out the world, albeit that the local effect may to 
some extent have differed from place to place, 
Fig. 18 shows a world map on which reliable in
formation from a number of sites is indicated con
cerning the question whether 18,000 years ago, 
during the maximum of the Last Glacial, the cli
mate was drier or wetter than it is to-day. It is 
clear that most parts of the earth were arid or at 
least drier than they are to-day, notwithstanding 
the lower annual temperatures (which must 
have kept the rate of evaporation low). The South
western United States, now lying in an arid zone, 
must have been exceptional in that there was at 
that time a higher effective precipitation. The 
world-wide incidence of a greater aridity during a 
period of maximum glaciation is not surprising, if 
one takes into consideration the overall lower tem
peratures of the ocean water (see below) and a 
lowering of the sea level by about 80 m (i.e., a 
minimum total surface area of the seas and oceans), 
which in conjunction must have been the cause of a 
reduced evaporation from the oceans, and hence 
of a smaller quantity of water in circulation.

The history of life conditions in the oceans 
The other major environment for life, that of the 
oceans, also became subjected to changes. It is in
teresting to ascertain whether the changes in the 
conditions for life are correlated with the continen
tal record.

Huge quantities of small organisms, such as fora- 
minifera, radiolaria, diatoms, coccoliths, etc. live 
in the oceans. Many of them live planktonically in 
the superficial water of the ocean, and make cal
careous or siliceous tests or skeletons. When these 
organisms die, their skeletons sink to the bottom of 
the ocean, where they are deposited, partly to
gether with mineral particles. These deep sea sedi-

Fig. 18.
The world 18,000 years ago: sites with good evidence of a 
relatively arid climate (mostly drier than at present) or a 
relatively humid climate (mostly more humid than at present).

ments are as valuable a source of information as 
the lake sediments on the continents. In recent 
years considerable numbers of cores from deep sea 
sediments have been collected in all the oceans. 
Quantitative analyses of the organisms in these 
cores, more or less along the lines of pollen ana
lysis, in conjunction with direct or indirect dating, 
have produced an incredible quantity of new in
formation regarding the history of life in the oceans 
and the concomitant changes in, for instance, the 
mean seawater temperature and the salinity. There 
is still another approach to the study of these cores 
which has yielded a wealth of information, viz., the 
analysis of changes in the 16O/18O ratios in the cal
careous tests of foraminifera. It reflects the isotopic 
composition of the water (and to a minor extent 
the temperature of the water). When water eva
porates from the oceans and is not returned be
cause of the increasing accumulation of ice on the 
continents, in other words: when the sea level 
drops, the proportion of 18O in the seawater in
creases. An analysis of the 16O/18O ratio in the tests 
of foraminifera from different levels of sea cores, 
therefore, basically yields an ice-volume curve. This 
curve must be the same for every part of the oceans 
and this renders it a most valuable tool for corre
lation.



26 22:6

Core V 23.82 (MAtl ) percent polar
Ts fauna (5r N )

(foram )
Cor^V 23.83

6 »O
Core V 28.238

6*0
Core 280

Correlation of curves of factors related to climatic conditions 
prevailing the last 130,000 years. From left to right: Relative 
changes of altitudinal forest limit, Fiiquene (Cordillera Orien
tal, Colombia; Wijmstra & Van der Hammen, 1974). Relative 
changes in the proportion of forest and steppe vegetation, 
Philippi (Eastern Macedonia, Greece; based on Wijmstra, 
1969). Changes of summer temperature of surface ocean 
water, based on associations of foraminifera in the North 
Atlantic deep sea core V 23—82 (Sancetta, Imbrie & Kipp, 
1974). Changes of percent polar fauna (foraminifera) in North 
Atlantic deep sea core V23-83 and in Atlantic Core 180-73 
(McIntyre et al., 1972); Oxygen isotope curves for two deep 
sea cores (Shaekleton & Opdyke, 1973; Emiliani, 1958; 
Emiliani & Shackleton, 1974).

In Fig. 19 (middle) two curves are shown, one re
presenting the summer temperature of superficial 
ocean water (based on foraminiferal associations) 
during the last 130,000 years and the other simply 
recording the percentage of polar fauna in respect 

of the total foraminiferal associations. They are 
based on two North Atlantic cores from different 
localities. The dating is based on 14C analyses and 
on other radioactive dating methods, and estimated 
by inter- and extrapolation. Taking the relativily 
much larger sample distance (and hence less de
tail) in the ocean curves into account, there is a 
satisfactory agreement in the general course of the 
curves and those from the continents (Fuquene and 
Macedonia; Fig. 19: left). The salient features are 
the extended and possibly “tripartite” interglacial 
complex, the short very cold phase at the beginning 
and the longer one at the end of the last glacial, 
and an intermediate part with somewhat higher 
temperatures, and the warmer Holocene. Although 
the general correlation seems to be quite reliable, 
several minor points must be cleared up, especially 
as regards the correlation with the N.W. European 
Early Glacial interstadials in this general scheme.
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If the 14C dates of 56,000-c. 60,000 for these inter- 
stadials and the indirect dating of the lower part 
of the ocean curves is correct, they must be younger 
than the first temperature minimum (date 70,000 
B.P. in the deep sea cores). If this is so the upper 
two phases of the ‘"interglacial complex” are un
known in N.W. Europe (the first being the 
Eemian). However, this problem will certainly be 
solved in the near future.

In Fig. 20 (left) a diagram of foraminiferal as
sociations is shown of a long core from the North 
Atlantic Ocean. The Polar association is on the 
right side of this diagram, then follow towards the 
left, the warmer ones: the Subpolar and Transi
tional + Subtropical associations. The whole se
quence represents some 600,000 years and shows 
seven complete warm-cold cycles for the super
ficial ocean waters, doubtlessly representing the 
same glacial-interglacial cycles we know from the 
continents. A correlation with the long Macedonian 
pollen diagram (Fig. 20: right), covering the same 
time interval, appears to be possible. Although 
there may be some doubts concerning minor 
details, the overall similarity of the two diagrams, 
based on different environment, is striking.

In Fig. 21 another tentative correlation of data 
from the continents and the oceans is shown. The 
long Macedonian curve and the long one from 
Bogota are mutually compared and also compared 
with two oxygen isotope curves from the Pacific 
and the Atlantic Ocean, respectively. The stage 
numbers given to the phases of the oxygen isotope 
curves are added, and an attempt is made to cor
relate them with the interglacials as known from 
Europe. The correlation of the four curves, all ap
parently primarily determined by temperature, is 
certainly possible as soon as absolute datings or an 
adequate paleomagnetic stratigraphy become avail
able.

A paleomagnetic stratigraphy of the two ocean 
curves is already available, and recently one of the 
Macedonian core was worked out. The Bogota 
core has been dated directly by fission-track datings 
of volcanic ashes. Although further and more pre-
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Fig. 20.
Proportional changes of ecological groups of foraminifera in 
North Atlantic deep sea core K 708-7 during the last 600,000 
years (left); from right to left: polar, subpolar and transi
tional to subtropical ecological groups. Correlation is pro
posed with the long pollen diagram from Macedonia of Fig. 6 
(right). (After Ruddiman & McIntyre, 1976; adapted).
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Fig. 21.
Tentative correlation of long continental and oceanic records: 
Macedonia (relation forest elements/steppe elements), Bogotå 
area (relation forest elements/pâramo elements) ; Pacific deep 
sea core V 28-238 (Delta 18O) and Caribbean deep sea core 
P 6304-9 (Delta 18O). Oxygen isotope stage numbers and 
possible European equivalent interglacials at right. (After, 
respectively: Wijmstra in Van der Hammen et al., 1971 ; Van 
der Hammen, unpublished; Shackleton & Opdyke, 1973, and 
Emiliani & Shackleton, 1974).

cise datings will be necessary to render the correla
tion more reliable, also in this case the general con
clusion can be drawn that such a correlation of 
long sequences derived from oceans and continents 
is now possible, at least in principle. This will 
greatly assist us with the reconstruction of the his
tory of life conditions during the last two or three 
million years, and to explain the causes and 
mechanisms of these climatic cycles.

During the last few years the collaborators of the 
CLIMAP organization (Climate Long Range In
vestigations, Mapping And Prediction) have done 
a great deal of analytical work on deepsea cores 
and on the reconstruction of past ocean surface 
temperatures. A major effort of CLIMAP was to 
produce temperature maps of the oceans as they 
were 18,000 years ago, to be used in conjunction 
with other data (such as the extension and thick
ness of the continental icesheets, the tracing of 
shorelines, and albedo) for the computer simulation 
of the ice age climate. Fig. 22 shows such a map, 
in a simplified form, of the northern Atlantic Ocean 
summer of 18,000 B.P., based on the analysis and 
dating of a large number of deep sea cores. At the 
left is the map of the present-day situation. The 
northernmost part of the ocean was bordered by 
continental ice and blocked by pack-ice, and the 
10°C isotherm ran to Spain instead of to Iceland 
as it does to-day. The temperature differences were 
smaller in the tropical zone, so that there must 
have been a steep temperature gradient at the lati
tudes between Spain and Northern Africa, from 
10° to 22° C. Fig. 23 shows the temperature differ
ences between the August sea-surface temperatures 
of 18,000 years ago and the corresponding present- 
day values, for the entire world. The greatest dif
ferences are in the middle and high northern and 
southern latitudes. In the tropics and some other 
places, the temperature differences were often 
much smaller or even nil.

By means of this and additional basic material 
CLIMAP produced a computer simulation of the 
ice age climate. This is their first and not yet con
cluded experiment, but it is interesting to show
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here, as an example of what has already been 
acomplished, the simulated differences (present val
ues minus ice age values) of the July surface air 
temperature of 18,000 years ago. The lowest tem
peratures, (i.e., the largest differences) are found 
on the northern hemisphere, where the continental 
glaciation was extensive, and particularly in Cen
tral Asia. The most striking result is the erstwhile 
occurrence in an ice-free area in northern Siberia 
of temperatures higher than at present. These 
kind of maps will have to be verified against the 
historical data from the continents (such as the 
map of the humidity of Fig. 18). A preliminary 
comparison with available data (such as the lower
ing of the temperature by 8°C in Bogota, and by 
5°C on Mount Kenya) shows a reasonably satis
factory agreement. An attempt is now being made 
to compile all available information concerning the 
paleotemperatures and humidity of 18,000 years 
ago in world maps. If these data are in agreement

Fig. 22.
Temperature of North Atlantic surface water, at present and 
conditions of 18,000 years ago. A CLIMAP-reconstruction. 
(After McIntyre et al., 1976; adapted).

with the ultimate computer simulation, we may 
consider the results to be sufficiently trustworthy, 
and we can proceed to simulate the climate of 
other periods. Such an approach may ultimately 
yield a better understanding of the mechanism of 
climatic changes. (Fig. 24).

Discussion
The recent advances in science summarized above 
seem to permit the drawing of several more general 
conclusions.

Life conditions on earth changed profoundly and 
repeatedly during the last one million years, which 
resulted in approximately ten glacial periods alter
nating with interglacials. A glacial-interglacial
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Fig. 23.
World map showing difference 
between August sea surface 
temperatures 18,000 years ago and 
at present (present minus ice-age). 
A CLIMAP-reconstruction. (After 
CLIMAP project members, 1976; 
adapted).
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cycle apparently has an average duration of 
100,000 years. There are, however, many more 
such cycles in the interval between three and one 
million years B.P., some apparently with somewhat 
smaller temperature amplitudes.

Changes in the life conditions effected the entire 
earth. While glaciers extended on the northern 
continents and in the mountains all over the earth, 
the sea level dropped by at least 80 metres, thus 
exposing large areas of the continental platforms. 
The air temperatures on the continents and the 
temperatures of the ocean water were considerably 
lower than they are to-day in most places. Since 
the exposed surface of the seas and oceans became 
smaller and the temperatures lower, the rate of 
evaporation was lower than it is to-day, and the 
total amount of precipitation on the continents was 
lower.

Owing to the lower temperatures in the north, 
and a lower rate of precipitation in, for instance, 
the Mediterranean area and the tropics, the areas 
covered by forest vegetation became drastically re
duced in many parts of the earth, and were re
placed by tundras, steppes or savannahs depending 

on the locally prevailing condition. Forest elements 
could survive the most severe phases of glacial 
periods in smaller or larger forest refuges, from 
where they could migrate again at the beginning 
of a following interglacial period.

Only the major changes of life conditions could 
be considered here. There are, however, many ad
ditional, minor changes, often apparently cyclic 
with a duration between a few thousand years and 
a few decades. More detailed studies of the shorter 
cycles are now in progress. After more knowledge of 
the short cycles has accumulated, the prediction of 
climate in the near and more distant future may 
be attempted.

This again raises the question, whether a future 
glacial period may be predicted. The computer 
simulation of former climates will certainly help us 
to acquire a better understanding of the changing 
global climatic system. It is also crucial to detect 
the causes of climatic changes. There can hardly be 
any doubt that there are many causes and not just 
a single one. In some of the minor cycles fluctua
tions of solar radiation, of the type of the well- 
known sun spot cycles, might very well be prima-
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Fig. 24.
World map showing simulated 
differences (present minus ice- 
age) of July surface air temperatures 
18,000 years ago. (After Gates, 
1976; adapted).
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rily involved. However, recently Hays, Imbry and 
Shackleton proved rather convincingly that changes 
in the earth’s orbital geometry, mainly the obliq
uity of the earth’s axis and the orbital eccentricity, 
indeed form the fundamental cause of the succes
sion of Quaternary ice-ages. They estimated that 
50°10 of the variance found in the climatic curves 
from the deep sea cores they analysed is attributable 
to the last-mentioned factor, with a period of ap
proximately 100,000 years. Finally, they concluded 
that a model of future climate based on the ob
served orbital climate relationships predicts that 
the long-term trend over the next several thousand 
years is towards an extensive Northern Hemisphere 
glaciation. However, one must bear in mind that 
climatic oscillations of higher frequencies which are 
not dependent on the components of orbital geo
metry may temporarily change this trend, and 
that anthropogenic influences such as the burning 
of fossil fuels may also have an as yet not well- 
established effect. Although an extensive glaciation 
is certainly not an immediate threat, periods of 
long cold winters in Canada, and periods of ex
tended drought in the tropical and subtropical 

areas (such as the Sahel and N.W. Brasil) may 
have most serious consequences for the world’s food 
supply. For that reason the scientific advances of 
the last years are of great importance.

One may expect that continued research, in
cluding the study of the minor changes of the life 
conditions on earth, will provide the clues to pre
dict the future climatic trend in greater detail, so 
that timely measures could be taken to avoid a 
disastrous shortage of food supplies. May this serve 
as an illustration of the benefits to humanity of 
studies orginally initiated for purely scientific 
reasons but at a later stage yielding unexpected 
results of considerable importance to well-being 
of the population of the world.
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