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The Pleistocene Vegetati4 
of Northern Euras 

The recent vegetation of northern Eurasia resull 
from a relentless contest between steppe and fore 

Burkhard Frer 

In a discussion of evolution of vege- 
tation in northern Eurasia during the 
Pleistocene, some matters of general 
interest should first be considered. 
Northern Eurasia embraces all of 
Europe; those regions of Siberia and 
the middle of Asia which lie to the 
north of the Black Sea, the Caucasus, 
the Elburz Mountains, the Tien Shan 
Mountains, and the mountains of 
southern Siberia; and, finally, Korea. 
The Pleistocene began with the end of 
the Pliocene (the end of the Tertiary) 
and closed with the dawn of postglacial 
times. During this epoch, which seems 
to have lasted for about a million years, 
there were several marked changes in 
climate, causing, in some periods, a 
tremendous accumulation of snow and 
ice in higher latitudes and, in others, 
migration of animals such as the hip- 
popotamus as far north as the middle 
of England (Fig. 1). The division of 
the Pleistocene in the Northern Hem- 
isphere that is shown in Table 1 seems 
to be relatively correct. But Russian 
scientists have often advanced the 
hypothesis that the climatic history of 
Siberia during the Pleistocene differed 
from that of other regions at the same 
latitudes. According to this hypothesis, 
the climate of the center of Asia was 
always governed by an extreme conti- 

nentality, and glacial 
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there seem to have been more climatic 
oscillations than are shown in Table 1 
(5, 6). Perhaps this may be explained 
in terms of interruptions of interglacial 

[n conditions during the three earliest 
interglacial periods (the Tiglian, Waa- 

a lian, and Cromerian) by pronounced 
cold spells, which resulted in the estab- 
lishment of subarctic plant communi- 

ted ties in central and western Europe 
within the warm phases (6, 7). A cold 

est. spell seems to have occurred during 
the Holsteinian interglacial also, and 
another during the Eemian; in these 
two cases the cold spell separated the 
interglacial proper from a very pro- 
nounced interstadial phase, which may 
have consisted of several minor climatic 
oscillations (1, 4, 7-10). 
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Table 1. Division of the Pleistocene in the Northern Hemisphere. 

Northwestern and central E E N 
Europe Eastern Europe North America Europe 

Weichselian glaciation Valdai glaciation Wisconsin glaciation 
Eemian interglacial Mikulino interglacial Sangamon interglacial 

Saalian glaciation Dneprovsk glaciation Illinoian glaciation 
Holsteinian interglacial Likhvin interglacial Yarmouthian interglacial 

Elsterian glaciation Oka glaciation Kansan glaciation 
Cromerian interglacial ? interglacial ? Aftonian interglacial 

Menapian cold period Cold period of the Nebraskan glaciation 
Bakou transgression 

Waalian warm period ? ? 
Eburonian cold period Cold period of the ? 

Apsheron transgression 
Tiglian warm period Warm period of the Apsheron ? 

transgression ? 
Praetiglian cold period Cold period of the ? 

Akchagyl transgression 

surviving unfavorable conditions, was 

essentially modified by tectonic move- 
ments of the mountain areas of north- 
ern Eurasia. In general these moun- 
tains, with the exception of those of the 

Alpine belt, of Scandinavia, and of the 
Kamchatka Peninsula, seem to have 
been uplifted by about 200 to 300 
meters during the Pleistocene. This up- 
lift resulted in an increase in the differ- 
ences between the climates (relatively 
oceanic) at the periphery of the conti- 
nent and those (strongly continental) 
at the center; moreover it caused a 
tremendous local variability of climate, 
which made it possible for vegetation 
to survive, and even for new species to 
evolve, in some regions of the continent 

during the Pleistocene (4). 
The last question of general interest 

that concerns us here is the Pleistocene 
history of permafrost, since perennially 
frozen ground seriously affects vegeta- 
tion. It seems (4) that permafrost did 
not exist in most parts of northern 
Eurasia at the end of the Pliocene. But 
as soon as the first significant deteriora- 
tion of climate began (the Praetiglian 
glacial period), the area of permafrost 
must have spread far to the south. Fig- 
ure 8 outlines present-day knowledge of 
the expansion and retreat of the perma- 
frost area since the beginning of the 
next-to-last glaciation (the Saalian). 

In any study of the Pleistocene his- 
tory of vegetation of northern Eurasia, 
all these events and factors must be 
considered. 

History of Pleistocene Vegetation 

The starting point for the Pleistocene 
evolution of vegetation was the very 
end of the Pliocene-that is, according 
to Dutch terminology, the Reuverian. 
Various types of forest vegetation were 
then characteristic for northern Eurasia 
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(Fig. 2) (1). The distribution of these 

types suggests that no zone of true 
tundra vegetation existed, despite the 
fact that the northern coastline of Sibe- 
ria ran farther to the north than it does 

today. At the same time the southern 
border of the forest belt extended 
farther to the south than it does now, 
and forest-steppe vegetation seems to 
have been widely distributed. From 
this it appears that the climate was 
warmer and moister than it is today. 
This view is corroborated by a com- 

parison between recent and past distri- 
bution of several botanical species. The 
mean temperatures for July must have 

surpassed those of today by about 2? 
and 3?C in central and western Europe, 
and by 4? to 5?C in eastern Europe. 
Moreover, in eastern Europe and in 
Siberia, mean temperatures for January 
and mean annual temperatures must 
have been about 5? to 10?C higher 

Fig. 1. Distribution and age of finds of 
Pleistocene Hippopotamus in central and 
western Europe. (1) Weichselian glacia- 
tion; (2) Eemian interglacial; (3) Hol- 
steinian interglacial; (4) Elsterian glacia- 
tion; (5) Cromerian interglacial; (6) early 
Pleistocene; (7) age unknown. [From 
Frenzel (4)] 

than those of today, and mean annual 

precipitation must have been about 300 
millimeters greater than it is in the 
same regions today (4). So, in general, 
the climate was much more oceanic 
than it is now, perhaps because the 
mountain systems were appreciably 
lower. Nearly all vegetation types 
known to have been present during this 

period differed remarkably from their 

present-day relatives; they included 
numerous species now found only in 
southeastern Asia and in North Amer- 
ica (Fig. 9). But in northeastern 
Yakoutia (Siberia), coniferous forests 
of recent type (the taiga) began to 
form. One is surprised to note that in 
Caucasia and on the western slopes of 
the Tien Shan and the Dzungaric Ala- 
Tau, isolated forests rich in subtropic 
elements existed at this time, separated 
from the northern forest vegetation by 
a broad belt of steppe vegetation. 

Several investigations, in the Nether- 
lands, in central Europe, and in eastern 
Europe (11-13), have shown that cli- 
matic conditions changed pronouncedly 
several times toward the end of the 
Pliocene but that these climatic oscilla- 
tions did not reach their greatest ampli- 
tude until the beginning of the Pleisto- 
cene, during the Praetiglian. To give a 
better understanding of the conse- 
quences of these climatic changes, it 
seems appropriate to compare three 
glacial periods (Praetiglian, Saalian, and 
Weichselian) with three interglacials 
(Cromerian, Holsteinian, and Eemian) 
from the standpoint of plant geography. 

The most striking feature of the veg- 
etation of the glacial periods (Figs. 
3-5) was undoubtedly the wide distri- 
bution of steppe vegetation within the 
belt of interglacial forests. But appar- 
ently the glacial periods differed from 
one another with respect to the domi- 
nating types of open vegetation (1): 
forest steppes seem to have prevailed 
during the Praetiglian, open steppes 
during the Saalian and Weichselian. 
Moreover, reliable traces of permafrost 
during the Praetiglian are lacking in 
Europe, though plenty of fossil forms 
indicative of permafrost which date 
from the middle and late Pleistocene 
have been found there (4). Finally, 
the earliest Pleistocene faunas of cen- 
tral, western, and southeastern Europe 
are related to modern savanna faunas 
of Africa, so it might be argued that 
the vegetation and climate of the Prae- 
tiglian in these parts of Europe resem- 
bled the vegetation and climate of dry 
and relatively warm regions. But dur- 
ing the Praetiglian the forest-steppe of 
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the Netherlands had a subarctic char- 
acter (11). Also, in several regions of 
Europe thick layers of loess were accu- 
mulating (1) and the soil was frozen 
during at least several months of the 
year. These conditions existed in the 
northwestern part of Germany and per- 
haps to the north of the Caspian Sea, in 
the southern part of the Ukraine, and 
in Bavaria. Moreover, in several re- 

gions of northern Eurasia traces of in- 
land ice or of mountain glaciations 
have been observed (Fig. 3). These 
observations show that mean annual 
temperature was lower by about 10?C 
than it is today, and that annual precip- 
itation was roughly 200 to 250 milli- 
meters less than it is now (4). Virgin 
forests seem to have disappeared during 
the Praetiglian in most regions of 
northern Eurasia, with the exception, 
perhaps, of central Siberia, the Medi- 
terranean area, and Caucasia. Even in 
the Mediterranean region and Caucasia 
vegetation had suffered from the cold, 
dry climate, hence subalpine forests 
grew in northern Italy and in Caucasia 
(15), where nowadays forests of decid- 
uous or even evergreen broadleaf trees 
thrive. 

In contrast to the Praetiglian, during 

the Saalian and Weichselian the forest- 
steppe vegetation was confined (Figs. 
4 and 5) to some mountainous regions 
where local climates were less severe 
than the climate in general: the western 
and eastern Alps, the Carpathian 
Mountains, the southern part of the 
Ural Mountains, the Kazakh Moun- 
tains, and the mountainous regions of 
central and southern Siberia. Here the 
most frost-resistant species of ancient 
forest vegetation could survive, in sev- 
eral, presumably very small, areas of 
retreat, at a time when the lowlands 
were nearly devoid of trees. Small 
groves of pine, spruce, larch, birch, 
and alder grew in these regions of ref- 

uge, perhaps in the southern parts of 
the Carpathian Mountains, associated 
with hazel and oak (1, 3, 16-20). In 

place of the subalpine forest of the 

Praetiglian, various steppe plant com- 
munities covered most regions of the 
Iberian and Apennine peninsulas during 
the height of at least the last two glacia- 
tions, when simultaneously in northern 
Spain, southern France, northern Italy, 
and northwestern and western Yugo- 
slavia thick layers of loess were accu- 
mulated by winds blowing dust over 
vast treeless areas (21). 

There is considerable doubt about 
the character of the vegetation in open 
areas at the height of these glaciations. 
It might be argued that the extreme gla- 
cial climate produced a wide distribu- 
tion of tundra vegetation (the recent 
occurrence of arctic-alpine species in 
the flora and fauna of northern Eurasia 
seems to corroborate this view). But 

though several fossils and microfossils 
of glacial floras and faunas, dating from 
various glaciations, have been reported 
(1), traces of vast glacial tundras are 
very scarce. Such traces of tundra vege- 
tation as have been reported seem to be 
restricted to areas which at the time had 
relatively oceanic climates, such as the 
southern part of England and the Neth- 
erlands (22). But beginning with cen- 
tral and eastern Belgium, steppe-like 
communities seem to have been much 
more characteristic-communities dom- 
inated by Artemisia, Chenopodiaceae, 
and several herbs and grasses, together 
with appreciable numbers of halophytic 
plants (plants which today grow chiefly 
in soils having a high content of chlo- 
ride and sulfate salts) (17, 18, 23). 
The presence of halophytic plants led 
Russian paleobotanists to suggest that 
soils must have been salty in eastern 
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Europe and in Siberia during the height 
of glacial times (24). But it seems to 
me that the relative importance of this 
ecological group has been exaggerated, 
since the methods used for analyzing 
the fossil pollen are not reliable (1). 
Nevertheless this element within glacial 
vegetation should not be overlooked. 
These plants (Plantago maritima, 
Crambe cf. tatarica, Cochlearia, Zan- 
nichellia pedicellata, Triglochin cf. 
maritimum, Trifolium cf. fragiferum) 
belong today to the so-called facultative 

halophytes-that is, plants which are 
not necessarily limited to soils of high 
salt concentration. So their existence in 
the past may only indicate the preva- 
lence of unweathered soils that were 
continuously reworked by the action of 
frost and wind. The steppe vegetation, 
composed of various regional types, was 
interspersed with small patches of tun- 
dra vegetation; moreover, the open 
vegetation in an area underwent re- 
markable changes even during a single 
glacial period (17, 18, 23). 

As Figs. 4 and 5 show, no forest belt 
existed during the height of the last two 
glaciations. The forest trees were con- 
fined, in general, to several small moun- 
tainous areas and to the northern 
border of the Caspian Sea, which 
spread over the adjacent land during 
certain phases of the glacial periods. 
rhe forested area around the spreading 
Caspian Sea was much wider during 

the initial phases of each glacial period 
than it was later on. Within these for- 
ests or groves only very hardy species 
seem to have survived times of extreme 
cold (1, 4, 25). 

In most areas of northern Eurasia 
the soil was perennially frozen at the 
height of the last two glaciations (Fig. 
8), thus, at least during the last glacia- 
tion, mean annual temperature and 
mean annual precipitation must have 
been lower by about 12? to 14?C and 
at least 300 millimeters, respectively, 
than present temperature and precipita- 
tion (4). Whereas in northern Eurasia 
glacial periods were characterized by 
maximum distribution of various steppe 
communities, interglacials were charac- 
terized by forests, which covered the 
continent from the Atlantic coast to the 
coasts of the Okhotsk and Japanese seas 
(Figs. 6 and 7). 

The wavelike evolution of interglacial 
climates makes it necessary, in a study 
of Pleistocene vegetation, to clearly de- 
fine those phases of interglacial periods 
that are to be compared with one an- 
other. Here it seems appropriate to 
study only phases which provided opti- 
mum climate for the forest vegetation 
of zones that now have moderately cold 
climates: the phase of maximum im- 
portance for hornbeam (Carpinus) and 
fir (Abies) during the Holsteinian inter- 
glacial and the time of greatest develop- 
ment of linden forests (Tilia platyphyl- 

los) during the Eemian interglacial. 
Within the first interglacial (the Tig- 

lian) of the Pleistocene, late-Pliocene 
vegetation types reimmigrated into 
northern Eurasia. But several typical 
late-Pliocene genera were either not 
able to reoccupy their former habitat 
or had already been annihilated by the 
first extreme cold of the Pleistocene. 
(These were Sequoia, Taxodium, Glyp- 
tostrobus, Nyssa, Liquidambar, Fagus, 
Zelkova, Liriodendron, and several 
others.) The impoverishment in vege- 
tation so characteristic of the history of 
the biosphere in the Pleistocene had be- 
gun. At the same time, Tsuga and many 
relatively thermophilous plants disap- 
peared from Siberia-an event which 
led to the establishment of recent Si- 
berian taiga vegetation by the beginning 
of the Pleistocene. Since that time, this 
extremely cold-resistant type of forest 
vegetation has changed very little, 
though the taiga survived only within 
very small areas of retreat during the 
extreme cold of the glacial phases. 

Thus, the recent types of forest vege- 
tation in Siberia seem to be much older 
than the recent types in Europe, where 
the interglacial phases that provided 
optimum climate for such vegetation 
were characterized by special forest 
communities of their own. One pecu- 
liarity in the vegetation of at least the 
last two interglacial periods was the 
fact that no belt of tundra vegetation 
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Fig. 9. Recent and Reuverian distribution of (a) Tsuga and (b) Carya. (1) Recent dis- 
tribution; (2) finds in sediments of probably late-Pliocene age (Reuverian). [From 
Frenzel (4)] 

then existed in northern Eurasia, earlier 
belts having been destroyed by vast 

interglacial transgressions and by the 

spread of various types of forest vege- 
tation up to the northern coasts of 
Eurasia. Possibly this special type of 
vegetation could survive the high- 
temperature phases of the interglacials 
as a vegetation belt only in Alaska and 
Canada (1). 

An impoverished Pliocene forest veg- 
etation reimmigrated into Europe dur- 

ing the Tiglian. Such a reimmigration 
may also have occurred in the Waalian. 
True Pleistocene types of forest vege- 
tation, devoid of most late-Pliocene 

genera, were established only during 
the Cromerian interglacial. Then de- 
ciduous forests, chiefly composed of 
oak and elm, seem to have been widely 
distributed in Europe. Presumably, 
there already existed various forest 

types in different regions of Europe, 
dominated, for instance, by elm within 
the oceanic regions but by oak and 
linden in the more continental parts of 
central and eastern Europe. Perhaps 
these oak and elm forests were typical, 
too, of northern Italy, on the south- 
facing slopes of the Alps. These forests 
of broadleaf trees were confined to 

Europe; in Siberia, forest vegetation of 
the type found there today covered the 
vast lowlands of the western regions 
and the mountains to the east. 

In Europe, the various types of veg- 
etation present during the Cromerian 
interglacial, and their history, strongly 
resembled the forest communities and 
their evolution during the Eemian. This 
similarity has been shown by several 

646 

palynological investigations made dur- 

ing the past 5 years. The similarity is so 

striking that the well-known interglacial 
beds of Bilshausen (to the southwest of 
the Harz Mountains in central Ger- 
many), which really date from one part 
of the Cromerian interglacial, were 

thought, some years ago, to belong to 
the Eemian (26). But whereas, during 
the Cromerian, forests chiefly of oak 
and elm, with only a negligible amount 
of linden, thrived in western, central, 
and eastern Europe, forests almost 
wholly of linden (especially Tilia 
platyphyllos, together with T. cordata, 
T. tomentosa, and Acer tataricum) 
seem to have dominated central and 
eastern Europe during the Eemian 

(Fig. 7), associated with several other 

types of forest trees. As may be seen in 

Fig. 7, at that' time, at least, Scandi- 
navia was separated from the continent 
by a broad inlet. This separation, to- 

gether with the huge transgression of 
the north polar sea onto western Si- 
beria, must have strongly influenced 
the climate of the continent, so that 

plants which today grow only in the 
more oceanic regions of Europe could 
then have grown also in the eastern 
part of central Europe (Fig. 10). 

From this, and from Fig. 7, it may 
be seen that the forest vegetation of 
northern Eurasia during the Cromerian 
and the Eemian interglacials was di- 
vided into the European district of 
broadleaf, deciduous, thermophilous, 
and hygrophilous forests and the Si- 
berian district of conifer forests. This 
division does not hold true for the 
Holsteinian (Fig. 6), since during this 

interglacial period conifer forests were 
characteristic of nearly the whole of 
northern Eurasia. This might be ex- 
plained by postulating a severe climate 
in Europe too, such that no clear-cut 
ecological differences between Europe 
and Siberia could have existed. But, as 
I have stated, the forests during the 
Holsteinian interglacial immigrated on- 
to the zone of recent tundra vegetation, 
synchronously with a remarkable trans- 
gression of the polar sea, and this im- 
migration was paralleled by an invasion 
of forests into the area of recent steppe 
vegetation (Fig. 6). So climate cannot 
have been more continental in eastern 
Europe during the Holsteinian than it 
is today. Moreover this view is strength- 
ened by the past distribution of such 
thermophilous plants as Pterocarya and 
Vitis (Fig. 11). From this it must be 
argued either that the Holsteinian coni- 
fer forests were composed of species 
different from present-day species [a 
view that has recently been disproved 
(27)] or that the strange distribution 
of conifer forests must have been 
caused by factors other than climate. I 
discuss this problem below. 

Problems of Plant Geography 

during the Pleistocene 

The reconstruction of consecutive 
steps in the history of vegetation of 
northern Eurasia during the Pleistocene, 
as given in Figs. 2-7, needs further in- 
terpretation. As I have pointed out, the 
most characteristic vegetation of the 
glacial periods is an open vegetation. 
Paleontological findings indicate that, 
during the early Pleistocene, this was 
savanna vegetation. Later, steppe faunas 
immigrated (28), associated during and 
subsequent to the Elsterian glaciation 
with tundra faunas and floras. Thus, dif- 
ferent types of open vegetation seem to 
have followed each other, and the real 
tundra vegetation is of later origin, at 
least in Europe. But the oldest types of 
open vegetation in northern Eurasia 
(perhaps Praetiglian) were related not to 
recent savannas but to steppe vegeta- 
tion. Moreover, various types of steppe 
vegetation seem to have covered north- 
ern Eurasia from the Atlantic to the 
Okhotsk and Japanese seas at the height 
of at least the two or three last glacial 
periods, leaving only small patches in 
which the tundra vegetation could de- 
velop. So the history of tundra com- 
munities must have been a very compli- 
cated one. It might be argued that this 
special type of vegetation might have 

SCIENCE, VOL. 161 



evolved in northern Yakoutia during the 
earlier parts of the Pleistocene, but no 
reliable traces of past tundra floras have 
been found there. On the other hand, 
during the last two glacial periods, 
plants typical of recent tundras could 
have thrived in central Europe in sev- 
eral scattered localities, where soils were 

relatively moist (17, 18, 23). From this 
it follows that, at least during extreme 

glacial times, various types of steppe 
vegetation characterized most regions of 
northern Eurasia, interspersed in some 
localities by patches of tundra vegeta- 
tion. But though tundra was of merely 
local importance, plants like Betula 
nana, Dryas octopetala, and Koenigia 
islandica could thrive, during these 
periods, in the southern Carpathians, in 
the lowlands of Hungary, and to the 
east of the Alps (18-20, 29). So chances 
for the spread of the recent arctic-alpine 
flora must have been very good. More- 
over, it must be admitted that we do 
not know the character of past vegeta- 
tion on the mountain slopes in most 
parts of northern Eurasia, where soli- 
fluction has destroyed nearly all beds 
containing plant remains of glacial 
times. Possibly tundra vegetation could 
develop there in moist patches much 
better than it could develop on the dry, 
loess-covered plains. Since no real tun- 
dra belt existed either during glacial 
times or during the phases of optimum 
climate of the last two or three inter- 

glacial periods, this special type of vege- 
tation must have evolved and been 
destroyed several times during the Pleis- 
tocene. Only at the very beginning of 
glacial periods, it seems, was tundra 

vegetation much more widely distrib- 
uted than it is today, and even then it 
was interspersed with plants typical of 
steppe communities. 

Most areas of northern Eurasia, 
which during glacial periods were vast 
steppes and gradually became covered 
by thick layers of loess, were covered 
during the interglacials by various forest 
communities. The plant-geographical 
conditions of the Cromerian and the 
Eemian interglacials were very similar, 
but differed from those of the Holstein- 
ian, though climate must have favored 
the growth of thermophilous plants dur- 
ing the Holsteinian also. When one 
compares the immigration history of 
Picea, Abies, Quercus, Ulmus, Tilia, and 
Carpinus during the Holsteinian and 
Eemian interglacials, it becomes obvious 
that there were striking differences. At 
the very beginning of the Holsteinian 
interglacial, spruce, oak, elm, and lin- 
den seem to have immigrated into Eu- 
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Fig. 10. Recent and past distribution of holly (Ilex aquifolium) in Europe. (1) Recent 
distribution; (2) finds in sediments of the Eemian interglacial. [From Frenzel (1 and 
4)] 

rope nearly simultaneously from France 
and from the Carpathians. The existing 
differences in climate (oceanic as op- 
posed to continental) caused a prepon- 
derance of oak and elm in the more 
oceanic regions and a dominance of 

spruce to the east of the Elbe. At that 
time these species could spread almost 

uninterruptedly over the whole of Eu- 

rope. Later on they were driven back 

by Carpinus and A bies, presumably 
coming from the Carpathians. 

During the Eemian interglacial, on 
the contrary, at first chiefly spruce 
spread over vast regions of Europe, 
coming from the hilly regions in the 
middle of Russia. But whereas, during 
the Holsteinian, Picea abies covered 
nearly all of central, western, and east- 
ern Europe, the first spruce to spread to 

Fig. 11. Recent and Holsteinian distribution of Pterocarya, Carya, and Vitis in 
Europe. (1) Recent distribution of Pterocarya; (2) hypothetical northern limit of 
spontaneous (recent distribution of V. silvestris; (3) finds of Pterocarya in sediments of 
the Holsteinian interglacial; (4) finds of Carya in sediments of the Holsteinian inter- 
glacial; (5) finds of V. silvestris in sediments of the Holsteinian interglacial. [From 
Frenzel (1 and 4)] 
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central Europe during the Eemian inter- 
glacial was P. obovata. Later, a moder- 
ation of climate, perhaps combined with 
severe drought, forced P. obovata to 
retreat but enabled pine, birch, and, to 
a smaller extent, oak and elm to immi- 
grate. There seem to have been no for- 
ests of P. abies at this time. When the 
climate became still warmer and moist- 
er, oak and elm and then the shade- 
loving Tilia platyphyllos covered nearly 
the whole of Europe. It was only at the 
very end of this interglacial that spruce 
and fir immigrated into Europe. So, 
divergences in climate in the early 
phases of the Holsteinian and Eemian 
interglacials produced striking differ- 
ences in European plant-geography dur- 
ing these two periods. (There seem to 
have been no major differences in cli- 
mate in the high-temperature phases.) 
The degree of protection afforded by 
particular sites and the possibility of 
reimmigration must have been govern- 
ing factors in the composition and evo- 
lution of forest vegetation (1, 4). 

Also of interest is the present-day 
distribution of various species of linden 
in northern Eurasia. Forests in which 
linden is an essential component are 
widespread in Europe (Tilia platyphyl- 
los, T. cordata, T. tomentosa) and the 
Far East (T. amurensis). But between 
these areas there are no linden and other 
thermophilous trees, except in the north- 
ern foothills of the Altai Mountains. 
There T. sibirica thrives, together 
with several herbs and shrubs common 
in European forests of broadleaf trees 
(30). Until recently, the period of origin 
of this divided distribution of linden had 
not been known, but recent palynolog- 
ical investigations have shown that iso- 
lated groves of linden, oak, elm, and 
alder spread at least during the last 
three interglacial periods from the Far 
East or even from the Ural Mountains 
to the Altai Mountains. So, in the high- 
temperature phases of the interglacial 
periods, there must have been fragmen- 
tary connections between the broadleaf 
forests of Europe and of the Far East, 
by way of southern Siberia. This con- 
nection was destroyed during the glacial 
phases, but each significant moderation 
of climate caused these plants to migrate 
anew (1). 

As noted above, favorable sites of 
growth exerted a great influence on the 
immigration history of interglacial for- 
ests. One of the most interesting areas 
of favorable sites is the Mediterranean 
region. During glacial periods (Figs. 4 
and 5) the northern part of the Med- 
iterranean was in general characterized 
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by various types of steppe vegetation, 
in which grasses and Artemisia seem to 
have been dominant (31). This was true 
not only in the last two glaciations but 
in much earlier ones as well (32). At 
these times, layers of loess were de- 
posited in this region, so tree growth 
must have been restricted to isolated 
spots where conditions were relatively 
favorable, and true forests must have 
disappeared. In contrast, during phases 
of warm climate the vegetation of 
the Apennine and Balkan peninsulas 
strongly resembled those recent thermo- 
philous and hygrophilous forest com- 
munities whose distribution is restricted 
to the Colchis region of Caucasia, where 
conditions are most favorable for 
growth. This region is thought to have 
been one of the essential sites of retreat 
for Tertiary plant species. The inter- 
glacial distribution of forests of warmth- 
and moisture-loving trees throughout 
the Mediterranean area [with the excep- 
tion, perhaps, of the Iberian Peninsula, 
where forests of pine and evergreen oak 
seem to have prevailed during the inter- 
glacials (33)] is paralleled by the occur- 
rence of Hippopotamus during the 
Pleistocene (Fig. 1). 

Thus it appears that thermophilous 
and hygrophilous trees could survive- 
perhaps within very small areas of re- 
treat-the cold spells of the Pleistocene 
in the southernmost parts of the Apen- 
nine and Balkan peninsulas. Only at the 
end of the Eemian, it seems, did the 
Colchis flora become extinct in Europe, 
being replaced during postglacial times 
by recent middle-European deciduous 
and southern-European evergreen vege- 
tation. Apparently almost the same 
changes took place in the Colchis itself, 
where the warmth- and moisture-loving 
forest vegetation of the lowlands was 
repeatedly replaced during the Pleisto- 
cene by subalpine conifer forests (13, 
34). This means that the typical Colchis 
vegetation of interglacial times often 
disappeared and retreated to small, 
strongly isolated, favorable areas, whose 
history is unknown. 

Analogous events governed the evolu- 
tion of vegetation in the Far East during 
the Pleistocene (3, 35). So it must be 
concluded that the forest vegetation of 
northern Eurasia was not driven to the 
south during the glacial periods, where 
it could survive the phases of unfavor- 
able climate as a broad belt, but was 
almost completely destroyed and re- 
placed by steppe. From this conclusion 
it follows, furthermore, that nowhere 
did real pluvial conditions (climates in 
which precipitation was higher than it is 

today) exist in northern Eurasia during 
glacial phases. Recently it has been 
argued (36) that pluvial conditions 
existed during the very earliest glacial 
phases in modern steppe and desert 
belts of northern Eurasia, causing huge 
transgressions of the Caspian Sea (Figs. 
4 and 5). But at least during the Weich- 
selian these transgressions lasted for a 
very long time, from about the begin- 
ning of that glaciation to 25,000 years 
ago, and occurred synchronously with 
the accumulation of thick layers of 
loess in adjoining regions of the Ukraine 
and in the northern part of the Medi- 
terranean region (4). So it seems justi- 
fiable to conclude that the glacial trans- 
gressions of the Caspian Sea were 
caused by local conditions of influx and 
decreased evaporation, not by true 
pluvial climates. 

The facts discussed here show that 
the history of vegetation in northern 
Eurasia during the Pleistocene was one 
of repeated changes between (i) huge 
steppe areas, governed by extremely 
cold and dry climates, and (ii) wide- 
spread forest whose most characteristic 
elements, in most parts of Europe and 
the Far East, were warmth- and mois- 
ture-loving trees. 

References and Notes 

1. B. Frenzel, Grundziige der pleistozdnen Vege- 
tationsgeschichte Nord-Eurasiens (Steiner, 
Wiesbaden, in press). 

2. I. P. Gerasimov and K. K. Markov, Tr. 
Geograf. Akad. Nauk SSSR 33, (1939); A. I. 
Popov, in Lednikovyj period na territorii 
evropejskoj chasti SSSR i Sibiri, K. K. Mar- 
kov and A. I. Popov, Eds. (Univ. of Moscow, 
Moscow, 1959), pp. 360-384. 

3. B. Frenzel, Abhandl. Akad. Wiss. Lit. Math. 
Naturw. Kl. 13(1959) (1960); ibid. 6(1960) 
(1960). 

4. -- , Die Klimaschwankungen des Eiszeit- 
alters (Vieweg, Brunswick, 1967). 

5. J. Macoun, V. Sibrava, J. Tyracek, V. Kne- 
blova-Vodickova, Kvarter Ostravska a 
Moravske brdny (Czechoslovak Academy of 
Sciences, Prague, 1965); R. Ruske, Geologie 
(Berlin) 13, 570 (1964); --, ibid. 14, 
554 (1965); W. Knoth, ibid. 13, 598 (1964); 
R. G. West, Trans. Norfolk and Norwich 
Naturalist's Soc. 19, 365 (1961); 
Proc. Roy. Soc. London Ser. B 155, 437 
(1962); A. I. Moskvitin, Ber. Geol. Ges. Deut. 
Demokrat. Rep. Gesamtgebiet Geol. Wiss. 5, 
5 (1960). 

6. R. G. West and D. G. Wilson, Nature 209, 
497 (1966). 

7. W. H. Zagwijn, Verhandel. Koninkl. Ned. 
Geol. Mijnbouwk. Genoot. 21-2, 173 (1963). 

8. R. Ruske and M. Wunsche, Geologie (Berlin) 
13, 211 (1964). 

9. S. T. Andersen, Danmarks Geol. Under- 
soegelse 11 75 (1961). 

10. W. H. Zagwijn, Mededel. Geol. Sticht. 14, 
15 (1961). 

11. -- , Mededel. Geol. Sticht. 5 (1960). 
12. A. Altehenger, Eiszeitalter Gegenwart 9, 104 

(1958); I. V. Maslova, Dokl. Akad. Nauk 
SSSR 137, 387 (1961). 

13. I. I. Satilova, Bull. Kom. Izuch. Chetvertichny) 
Period 32, 121 (1966). 

14. J. Kukla and V. Lozek, Czwartorzed Europy 
srodkowej i wschodniej 1, 11 (1961); J. Viret, 
Nouvelle Arch. Musee Hist. Nat. Lyon 4 
(1954). 

15. F. Lona, Boll. Soc. Geol. Ital. 81, 3 (1963). 
16. R. E. Giterman, L. V. Golubeva, E. V. 

Koreneva, 0. V. Matveeva, in Korrelyaciya 

SCIENCE, VOL. 161 



antropogenovykh otloshenij severnoj Evrazii 
(Nauka, Moscow, 1965), pp. 78-90; T. D. 
Bojarskaya, in Chetvertichnyi Period, K. K. 
Markov, G. I. Lazukov, V. A. Nikolaev, 
Eds. (Moscow Univ., Moscow, 1965), vol. 2, 
pp. 420-431. 

17. B. Frenzel, Eiszeitalter Gegenwart 15, 5 
(1964). 

18. , Verhandl. Zool. Bot. Ges. Wien 
103/104, 110 (1964). 

19. E. Pop, Rep. Inter. Congr. Quaternary, 6th, 
Warsaw, 1961 (1964), vol. 2, p. 449. 

20. M. Jarai-Komlodi, Pollen et Spores 8, 479 
(1966). 

21. H. Alimen, Compt. Rend. Soc. Geol. France 
1960, 184 (1960); 0. Frinzle, Abhandl. Akad. 
Wiss. Lit. Math. Naturw. Kl. 8(1965) (1965); 
F. Mancini, Atti Soc. Ital. Sci. Nat. Museo 
Civico Storia Nat. Milano 99, 221 (1960); 
Y. Markovic-Marjanovic, Bull. Kom. Izuch. 
Chetvertichnyi Period 31, 32 (1966); D. Bas- 
ler, M. Malez, K. Brunnacker, Eiszeitalter 
Gegenwart 17, 61 (1966). 

antropogenovykh otloshenij severnoj Evrazii 
(Nauka, Moscow, 1965), pp. 78-90; T. D. 
Bojarskaya, in Chetvertichnyi Period, K. K. 
Markov, G. I. Lazukov, V. A. Nikolaev, 
Eds. (Moscow Univ., Moscow, 1965), vol. 2, 
pp. 420-431. 

17. B. Frenzel, Eiszeitalter Gegenwart 15, 5 
(1964). 

18. , Verhandl. Zool. Bot. Ges. Wien 
103/104, 110 (1964). 

19. E. Pop, Rep. Inter. Congr. Quaternary, 6th, 
Warsaw, 1961 (1964), vol. 2, p. 449. 

20. M. Jarai-Komlodi, Pollen et Spores 8, 479 
(1966). 

21. H. Alimen, Compt. Rend. Soc. Geol. France 
1960, 184 (1960); 0. Frinzle, Abhandl. Akad. 
Wiss. Lit. Math. Naturw. Kl. 8(1965) (1965); 
F. Mancini, Atti Soc. Ital. Sci. Nat. Museo 
Civico Storia Nat. Milano 99, 221 (1960); 
Y. Markovic-Marjanovic, Bull. Kom. Izuch. 
Chetvertichnyi Period 31, 32 (1966); D. Bas- 
ler, M. Malez, K. Brunnacker, Eiszeitalter 
Gegenwart 17, 61 (1966). 

22. H. Godwin, The History of the British Flora 
(Cambridge Univ. Press, Cambridge, 1956); 
Proc. Roy. Soc. London Ser. B 160, 258 
(1964); H. Tralau and W. Zagwijn, Acta 
Bot. Neerl. 11, 425 (1962); I. M. van der 
Vlerk and F. Florschitz, Nederland in het 
Ijstijdvak (de Haan, Utrecht, 1950). 

23. B. Bastin, Agricultura 12, 703 (1964). 
24. M. C. Monoszon, Pollen et Spores 6, 147 

(1964). 
25. V. P. Grichuk, Tr. Geograf. Akad. Nauk 

SSSR 50, 5 (1951); ibid. 52, 5 (1952); L. S. 
Tjurina, Materialy Soveshchan. Izuch. Chet- 
vertichnogo Perioda 1, 288 (1961). 

26. S. Chanda, Geol. Jahrb. 79, 783 (1962); H. 
Miller, ibid. 83, 327 (1965). 

27. K. Jessen, S. T. Andersen, A. Farrington, 
Proc. Roy. Irish Acad. Sect. B 60, No. 1 
(1959). 

28. K. D. Adam, Geol. Bavarica 19, 357 (1953). 
29. W. Koperowa and A. Srodoi, Acta Paleo- 

botan. 6, No. 1, 3 (1965); M. Sobolewska, 

22. H. Godwin, The History of the British Flora 
(Cambridge Univ. Press, Cambridge, 1956); 
Proc. Roy. Soc. London Ser. B 160, 258 
(1964); H. Tralau and W. Zagwijn, Acta 
Bot. Neerl. 11, 425 (1962); I. M. van der 
Vlerk and F. Florschitz, Nederland in het 
Ijstijdvak (de Haan, Utrecht, 1950). 

23. B. Bastin, Agricultura 12, 703 (1964). 
24. M. C. Monoszon, Pollen et Spores 6, 147 

(1964). 
25. V. P. Grichuk, Tr. Geograf. Akad. Nauk 

SSSR 50, 5 (1951); ibid. 52, 5 (1952); L. S. 
Tjurina, Materialy Soveshchan. Izuch. Chet- 
vertichnogo Perioda 1, 288 (1961). 

26. S. Chanda, Geol. Jahrb. 79, 783 (1962); H. 
Miller, ibid. 83, 327 (1965). 

27. K. Jessen, S. T. Andersen, A. Farrington, 
Proc. Roy. Irish Acad. Sect. B 60, No. 1 
(1959). 

28. K. D. Adam, Geol. Bavarica 19, 357 (1953). 
29. W. Koperowa and A. Srodoi, Acta Paleo- 

botan. 6, No. 1, 3 (1965); M. Sobolewska, 

L. Starkel, A. grodofi, Folia Quaternaria 16, 
1 (1964); A. ?rodon, ibid. 21, 1 (1965); V. 
Kneblova, Preslia 35, 52 (1963). 

30. E. M. Lavrenko, Shurn. Russk. Bot. Obshch. 
15, 351 (1930). 

31. E. Bonatti, Nature 209, 984 (1966); H. J. 
Beug, Flora 154, 401 (1964); T. van der 
Hammen, T. A. Wijnstra, W. H. van der 
Molen, Geol. Mijnbouw 44, 37 (1965). 

32. E. Ricciardi, Nuovo Giorn. Bot. Ital. 72, 
62 (1965). 

33. J. Menendez Amor and F. Florschiitz, Bol. 
Real Soc. Espan. Hist. Nat. Secc. Biol. 62, 
251 (1964). 

34. I. I. satilova, Dokl. Akad. Nauk SSSR 139, 
1194 (1961); ibid. 145, 895 (1962). 

35. M. I. Neistadt, Istorija lesov i paleogeografiya 
SSSR v golocene (Academy of Sciences 
U.S.S.R., Moscow, 1957). 

36. K. W. Butzer, Rev. Can. Geograph. 12, 129 
(1958); Erdkunde 18, 67 (1964). 

L. Starkel, A. grodofi, Folia Quaternaria 16, 
1 (1964); A. ?rodon, ibid. 21, 1 (1965); V. 
Kneblova, Preslia 35, 52 (1963). 

30. E. M. Lavrenko, Shurn. Russk. Bot. Obshch. 
15, 351 (1930). 

31. E. Bonatti, Nature 209, 984 (1966); H. J. 
Beug, Flora 154, 401 (1964); T. van der 
Hammen, T. A. Wijnstra, W. H. van der 
Molen, Geol. Mijnbouw 44, 37 (1965). 

32. E. Ricciardi, Nuovo Giorn. Bot. Ital. 72, 
62 (1965). 

33. J. Menendez Amor and F. Florschiitz, Bol. 
Real Soc. Espan. Hist. Nat. Secc. Biol. 62, 
251 (1964). 

34. I. I. satilova, Dokl. Akad. Nauk SSSR 139, 
1194 (1961); ibid. 145, 895 (1962). 

35. M. I. Neistadt, Istorija lesov i paleogeografiya 
SSSR v golocene (Academy of Sciences 
U.S.S.R., Moscow, 1957). 

36. K. W. Butzer, Rev. Can. Geograph. 12, 129 
(1958); Erdkunde 18, 67 (1964). 

Control by Estrogen of Genetic 

Transcription and Translation 

Binding to chromatin and stimulation of nucleolar RNA 

synthesis are primary events in the early estrogen action. 

Terrell H. Hamilton 

Control by Estrogen of Genetic 

Transcription and Translation 

Binding to chromatin and stimulation of nucleolar RNA 

synthesis are primary events in the early estrogen action. 

Terrell H. Hamilton 

The physiological effects of estrogen 
in the mammalian uterus are medi- 
ated by increases in the synthesis of 
RNA and protein (1-3). By 1964 it was 
clear that an acceleration of synthesis 
of ribosomal RNA and of ribosomes 
was an essential feature in the initial 
or early action of estrogen in its charac- 
teristic target organ (4, 5). We also 

knew, as a result of the experiments of 

Segal and his co-workers (3), that 

growth of the estrogen-deficient uterus 
was induced by treatment in utero with 
RNA extracted from the organ stimu- 
lated by the hormone. However, the 
role of messenger RNA synthesis in 
this action of estrogen was and still 
remains uncertain (6, 7). Furthermore, 
it was also uncertain whether, for early 
estrogen action, genetic transcription 
was truly stimulated prior to enhance- 
ment of cytoplasmic genetic translation, 
as expected by the sequence hypothe- 
sized: hormone-* genome -RNA-4pro- 
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tein. Before 1964 there was no tech- 

nique for separating the nuclei from 
the cytoplasmic fraction of the uterus. 
Since we knew that nearly all of the 
RNA in the mammalian cell was syn- 
thesized in the nucleus and transported 
to the cytoplasm where most of the cel- 
lular RNA resided, it was obvious that 
isolation of nuclei from the uterus was 
a prerequisite to studies of estrogen- 
stimulated RNA synthesis. In 1964 
Widnell and Tata (8) developed an ex- 
cellent technique for isolating intact 
and enzymically active nuclei from 

homogenized rat liver. In 1965 Widnell, 
Tata, and I (9, 10) adapted the tech- 

nique for application to rat uterus, ob- 

taining a meaningful partition of the 
nuclear and cytoplasmic RNA and 

protein in the organ. A series of investi- 

gations of the metabolism of RNA and 

protein in vivo and in vitro during the 
course of the action of estrogen in the 
uterus were carried out first in Tata's 

laboratory at the National Institute for 
Medical Research in London, and later 
in my laboratory at the University of 
Texas (9-16). 
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In this article I review the metab- 
olism of RNA and protein in the nu- 
clear and cytoplasmic fractions of the 
uterus, as a function of time after ad- 
ministration of exogenous 177p-estra- 
diol (1,3,5-estratriene-3,17fl-diol) to the 
ovariectomized adult rat. Variations in 
the metabolism of RNA and protein in 
the uterus of the normal rat, from the 
diestrous to estrous phase of the es- 
trous cycle, mimic in certain particulars 
the variations observed during early es- 
trogen action. The topics deal with the 
synthesis of RNA and protein in the 
nucleus, the binding in vivo of tritiated 
17,/-estradiol to chromatin and the lat- 
ter's template activity assayed in vitro, 
the transport of RNA from nucleus to 

cytoplasm, the formation of polyribo- 
somes, and the variation in the incor- 

poration of amino acid by the poly- 
ribosomes as assayed in the cell-free 

system. Although the precise and pri- 
mary molecular mechanisms involved 
in early estrogen action remain undis- 
covered, the broad outlines of the hor- 
mone's control of the formation and the 

activity of the protein-synthesizing ap- 
paratus of the organ are clear. The orig- 
inal theory of a genomic site for one 
of the primary actions of estrogen re- 
mains valid, but the inducer theory 
(17) for the mechanism of action of 
this hormone strictly according to the 
Jacob-Monod model for microbial en- 
zyme induction (18) appears in need 
of revision. 

Metabolism of RNA and Protein 

With regard to the variation in con- 
centration of DNA, RNA, and pro- 
tein, the uterus of the normal rat in 
estrus contains about twice the amount 
of RNA and six times the amount of 
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