CHAPTER 1

ANCESTRY OF THE ANTHROTI'OID APES — PLIOCENE CLIMATE, FORESTS,
AND LIFE OF WESTERN EUROQPE -~ TRANSITION TO THE PLEISTO-
CENE, OR AGE OF MAN — THE FIRST GLACIATION, ITS EFFECTS ON
CLIMATE, FORESTS, AND ANIMAL LIFE —THE PREHUMAN TRINIL
RACE OF JAVA—THE EOLITHS OR PRIMITIVE FLINTS—THE SEC-
OND GLACIATION — THE HEIDELBERG, EARLIEST KNOWN HUMAN
RACE —THE THIRD GLACIATION

TuE partly known ancestors of the anthropoid apes and the
unknown ancestors of man probably originated among the for-
ests and flood-plains of southern Asia and early began to migrate
westward into northern Alfrica and western Europe.

As early as Oligocene times a forerunner of the great apes
(Propliopithecus), most ncarly resembling the gibbons, appears’
in the desert bordering the Fayum in northern Egypt. Early in
Miocene times true tree-living gibbons found their way into
Europe and continued throughout the Pliocene in the forms
known as Pliopithecus and Pliohylobates, the latter being a true
gibbon in its proportions; it ranged northward into the present
region of Germany. Another ape which early reached Europe
is the Dryopithecus; it is found in Miocene times in southern
France; the grinding-teeth suggest those of the orang, the jaw
is deep and in some ways resembles that of the Piltdown man.
A third ape (Neopithecus) occurs in the Lower Pliocene near
Eppelsheim, in Germany, and is known only from a single lower
molar tooth, which recalls the dentition of Dryepithecus and more
remotely that of IZomo. In the Pliocene of the Siwalik hills of
Asia is found Paleopithecus, a generalized form which is belicved
to be related to the chimpanzee, the gorilla, and the gibbon; the
upper premolars resemble those of man.

None of these fossil anthropoids either of Europe or of Asia

can be regarded as ancestral to man, although both Neopithecus
49
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and Dryoepithecus have been placed in or near the line of human
ancestry by such high authorities as Branco and Gaudry. When
Dryopithecus was first discovered by Lartet, Gaudry! considered
it to be by far the most manlike of all the apes, even attributing
to it sufficient intelligence for the working of flints, but fuller

—

Fic. 16. The gibbon is primitive in its skull and dentition, but extremely special-
ized in the adaptation of its limbs to arboreal life.  Photograph
from the New York Zoological Patk,

knowledge of this animal has shown that some of the living
anthropoids are more manlike than Dryopithecus. This animal
is closely related to the ancestral stock of the chimpanzee,
gorilla, and orang. The jaw, it is true, resembles that of the
Piltdown man (Eoanthropus), but the grinding-tecth are much
more primitive and there is little reason to think that it is an-
cestral to any human type.*

* A recent article by A. Smith Woodward describes the fourth known specimen of
Dryopithecus, lately discovered in northern Spain (see Woodward, 1914.2).
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Among these fossil anthropoids, as well as among the four
living forms, we discover no evidence of direct relationship to
man but very strong evidence of descent from the same ances-
tral stock. These proofs of common ancestry, which have already
been observed in the existing races of man, become far more
conspicuous in the ancient Palrolithic races; in fact, we cannot
interpret the anatomy of the men of the Old Stone Age without

Fic. 17. The orang has a high rounded skull and long face. Photograph
from the New York Zoological Park.

a survey of the principal characters of the existing anthropoid
apes, the gibbon, the orang, the chimpanzee, and the gorilla.
The gibbon is the most primitive of living apes in its skull
and dentition, but the most specialized in the length of its arms
and its other extreme adaptations to arboreal life. As in the
other anthropoids, the face is abbreviated, the narial region is
narrow, i. ¢., catarrhine, and the brain-case is widened, but the
top of the skull is smooth, and the forehead lacks the promi-
nent ridges above the orbits; thus the profile of the skull of
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the gibbon (Fig. 16) is morec human than that of the other an-
thropoid apes. When on the ground the gibbon walks erect and
is thus afforded the free use of its arms and independent move-
ments of its fingers. In the brain there is a striking devclop-
ment of the centres of sight, touch, and hcaring. It is these
characteristics of the modern gibbon which preserve with rela-

Fi1c. 18. The chimpanzee. This figure illustrates the walking powers of the
chimpanzee, the great length of the arms, and the abbreviation of the
. legs. Photograph from the New York Zoological Park.

tively slight changes the type of the original ancestor of man,
as noted by Elliot Smith.?

The limbs of the orang are less elongated and less extremely
specialized for arboreal life than those of the gibbon but more
so than those of the chimpanzee and the gorilla. The skull is
rounded and of great vertical height, with broad, bony ridges
above the orbits and a great median crest on top of the skull in
old males. The lower jaw of the orang is stout and deep, and,
although used as a fighting weapon, the canine tusks are much
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less prominent than in either the gibbon, chimpanzee, or
gorilla.

In the chimpanzee we observe the very prominent bony ridges
above the eyes, like those in the Trinil and Neanderthal races
of men. Of all the anthropoid apes the lower jaw of the chim-

Fic. 19. The chimpanzee. This figure shows certain facial characteristics
which arc preserved in the Neanderthal race of men. Note also the
shortening of the thumb and the enlargement of the big toe. Photograph
from the New York Zoological Park.

panzee most nearly resembles that of the Piltdown man. The
prognathous or protruding tooth rows and receding chin sug-
gest those in the Heidelberg, Piltdown, and Neanderthal races.
When the chimpanzee is walking (Fig. 18) the arms reach down
below the level of the knees, whereas in the higher races of man
they reach only half-way down the thighs.
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Thus, the fore limb, although much shorter than that of the gib-
bon, is relatively longer than that of any human race, recent or
ancient. We observe also in the walking chimpanzee (Fig. 18)
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ANCESTRAL TREE OF THE ANTHROPOID APES AND OF MAN

Fxom the unknown and ancestral stock of the anthropoid apes and man the cipsoN was the first
to branch off in Oligocenc times; the orANG then branched off in a widcly different direction.
The stem of the crimpaNzEE and of the coriLLa branched off at a more recent date and is
mare nearly allied to that of man. Five carly human races have been found in Europe in
Glacial or Pleistocene times, but no traces of other primates except the macaques, which are
related to the lower division of the baboons, have been found in Europe in Pleistocens times,
Modified after Gregory. {(For latest discovery sce Appendix, Note VIL)
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that the upper part of the leg, the thigh-bone, or femur, is rela-
tively long, while the lower part, the shin-bone, or tibia, is rela-
tively short.  Indced, both in the arm and in the leg the upper
bones are relatively long and the lower bones are relatively short.
These proportions, which are inhcritances of arboreal life, are
in very marked contrast to those obscerved in the arms and

I —

Fic. 20. The Gorilla.  An immature female, about three years of age,
showing none of the adult male characteristics.  Photo-
graph from the New York Zoological Park.

legs of the Neanderthal race of men, in which the limbs are of
the terrestrial or walking type.

We observe also in the chimpanzee a contrast between the
grasping power of the big toe, which is a kind of thumb and the
lack of that power in the hand, in which the thumb is nearly
uscless; in all apes this function is characteristic of the foot, in
man of the hand alone. The opposable thumb, with its power of
bringing the thumb against cach of the fingers, is the one char-
acter which is lacking in every one of the anthropoid apes and
which was carly developed among the ancestors of man.

The skull of the chimpanzee is longer than that of the orang,
the most prominent feature in the top view being the extreme
protuberance of the orbits, which are surrounded by a supra-
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orbital and circumorbital bony ridge, which is also strongly de-
veloped in the Neanderthal skull as well as in the Pithecanthropus
or Trinil skull but, so far as we know, is entirely lacking in that
of Piltdown. Asin the orang and the gorilla, a crest develops
along the middle of the top of the skull for the insertion of the
powerful muscles of the jaws, a crest which is wholly wanting
in the gibbon and probably wanting in all the true ancestors
of man.

The gorilla illustrates in the extreme the specializations which
are begun in the chimpanzee, and which are attributable to a

Fic. 21. Contrast of the projecting face (prognathism), retreating forchead, and
small brain-case of a young gorilla, as compared with the vertical face, promi-
nent nose, high forchead, and large brain-casc of a high race of man. After
Klaatsch.

life partly arboreal, partly terrestrial, with the skull and jaws used
as powerful fighting organs. The head is lengthened by the for-
ward growth of the muzzle into an extreme prognathism. The
limbs and body of the gorilla show a departure from the primitive,
slender-limbed, arboreal type of apes and are partly adapted to
a bipedal, ground-dwelling habit.

As regards psychic evolution,® Elliot Smith obsecrves that the
arboreal mode of life of the early ancestors of man deveioped
quick, alert, and agile movements which stimulated the progress-
ive development of the posterior and lateral portions of the
brain. The sense of smell had been well developed in a previous
terrestrial life, but once these creatures left the carth and took
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to the trees, guidance by the olfactory sensc was less essential,
for life amidst the branches of the trees is most favorable to the
high development of the senses of vision, touch, and hearing.
Morcover, it demands an agility and quickness of movement
that necessitate efficient motor centres in the brain to co-ordinate
and control such actions as tree life calls for. The specialization
of sight awakens curiosity to examine objects wjth greater mi-
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Fic. 22.  Side view of a human brain of high type, showing the chief arcas of
muscular control and of the sensory impressions of sight and hearing, also the
prefrontal area in which the higher mental faculties are centred.  Modified after
M. Allen Starr.

nuteness and guides the hands to more precise and sKilled move-
ments.

The anatomy of man is full of remote reminders of this orig-
inal arboreal existence, which also explains the very large and
carly development of the posterior portions of the brain, in which
the various scnses of sight, touch, and hearing are located. -

The first advance from arboreal to terrestrial life is marked
by the power of walking more or less erect on the hind limbs and
thus releasing the arms; this power is developed to a greater or
less degree in all the anthropoid apes; with practice they become
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expert walkers. The additional freedom which the erect atti-
tude gives to the arms and to the movements of the hands and
the separate movements of the fingers is especially noticeable in
the gibbon. The cultivation of the powers of the hand reacts
upon the further growth and specialization of the brain; thus
the brain and the erect attitude react upon each other. In

F1c. 23. The cvolution of the brain. OQutlines {(side view) of typical human
and prchuman brains, showing the carly development of the posterior por-
tions of the brain and the relatively late development of the anterior portions,
the seat of the higher mental faculties.

- the gibbon‘there is a marked increase in the size of those por-
tions of the brain which supply the centres of touch, vision, and
hearing. '

Discussion as to how the ancestors of man were fashioned has
‘chiefly dealt with the rival claims of four lines of structural evo-
lution: first, the assumption of the erect aititude; second, the.
development of the opposable thumb; third, the growth of the
brain; and fourth, the acquisition of the power of speech. The
argument for the crect attitude suggested by Lamarck, and ably
‘put by Munro® in 1893, indicates that the cultivation of skill
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with the hands and fingers lies at the root of man’s mental su-
premacy. Elliot Smith’s argument that the steady growth and
specialization of the brain itself has been the chicf factor in lead-
ing the ancestors of man step by step upward indicates that

T1G, 24. ‘The evolution of the brain. Qutlines (top view} of typical human
and prehuman brains, showing the narrow forcbrain of the primative type
and the successive expansion of the scat of the higher mental faculties in
the successive races.

such an advance as the erect attitude was brought about be-
cause the brain had made possible the skilled movements of
the hands. ‘

" The true conception of prehuman evolution, which occurred
during Miocene and Pliocene times, is rather that of the coin-
cident development of these four distinctively human powers.
It appears from the limb proportions in the Neanderthal race
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that the partly erect attitude and walking gait were assumed
much earlier in geologic time than we formerly imagined. The
intimate relation between the use of the opposable thumb and
the development of the higher mental faculties of man is sus-
‘tained to-day by the discovery that one of the best methods of
developing the mind of the child is to insist upon the constant
use of the hands, for the action and reaction between hand and
brain is found to develop the mind. A similar action and reac-
tion between foot and brain developed the ercct gait which re-
leased the hand from its locomotive and limb-grasping function,
and by the resultant perfccting of the motion of thumbs and fin-
gers turned the hand into an organ ready for the increasing
specialization demanded by the manufacture of flint imple-
ments. ( ‘
This is the stage reached, we believe, in late Pliocenc times
in which the human ancestor emerges from the age of mammals
and enters the age of man, the period when the prehistory of
man properly begins.. The atlitude is crect, the hand has a well-
developed opposable thumb, the centres of the brain relating to
the higher senses and to the control of all the motions of the
limbs, hands, and fingers are wcll developed. The power of
speech may still be rudimentary. The dnterior centres of the
brain for the storing of experience and the development of ideas
are certainly very rudimentary.

CHANGE oF ENVIRONMENT IN EUROPE

Considering that the origin and development of any creature
are best furthered by a struggle for existence sufficiently scvere
to demand the full and frequent exercise of its powers of mind
and body, it is interesting to trace the sequence of natural events
which prepared western Europe for the entrance of the earliest
branches of the human race. The forests and plants portray
even more vividly than the animals the changing conditions of
the environment and temperature which marked the approach
and various vicissitudes of the great Ice Age.
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- The forests of central France in Plioccne times, as well as
those of the valley of the Arno in northern Italy, were very similar
to the forests of the middle United States at the present time,
comprising such trees as the sassafras, the locust, the honey-
locust, the sumach, the bald cypress, and the tulip. Thus the
regions which harbored the rich forest and mecadow fauna of
northern Ttaly in Upper Pliocene times abounded in trees fa-
miliar to-day in North and South Carolina, including even such
distinctively American forms as the sweet gum (Liquidambar
styraciflua), the sour gum (Nyssa sylvatica), and the bay, beside
those above mentioned. To the south, along the Mediterranean,
there also flourished trees incident to a more tropical climate, the
bamboo, the sabal palm, and the dwarf fan-palm; most interest-
ing is the presence of the sabal, which now flourishes in the sub-
tropical rain forests of central Florida. The sequoia also was
abundant. Toward the close of the Pliocene the first indications
of the coming Glacial Epoch were a lowering of the temperature,
and, in the higher mountainous areas perhaps, a beginning of the
glacial stages.

The ancestors of the modern forests of Europe predominated
in central France: the oak, the beech, the poplar, the willow, and
the larch. Tt is these forests, which survived the vicissitudes of
glacial times, that gave descent to the forests of Postglacial
Lurope, while all the purely American types disappeared from
Europe and are now found only in the temperate regions of the
United States.®

We have scen that few anthropoid apes have been'discovered

either in the Middle or Upper Pliocene of Europe; the gibbon-
ape line disappears with the Pliokylobales of the Upper Pliocene.
These animals are, however, rarely found in fossil form, owing
to their retreat to the trees in times of flood and danger, so that
we need not necessarily assume that the anthropoids had actually
become extinct in France. The primates which are found in the
Upper Pliocene belong to the lower types of the Old World
monkeys, related to the living langur of India and to the macaque
and baboon. The evidence, as far as it goes, indicates that the
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ancestors of man were at this time evolving in Asia and not in
Europe. This evidence, nevertheless, would be completely ofi-
set if it could be proven that the eoliths, or primitive flints, found
in various parts of Europe from Oligocene to Pleistocene times
are really artifacts of human or prchuman origin.

The mammals of Europe in Pliocene: times were derived by
very remote migrations from North America and, more directly,
from southern Asia. The Oriental element is very strong, in-
cluding types of rhinoceroses now peculiar to Sumatra and south-
ern Asia, numerous mastodons very similar to the south Asiatic
types of the times, gazelles and antelopes, including types re-
lated to the existing elands, and primitive types of horses and of
tapirs. Among the carnivores in Europe similar to south Asiatic
species were the hymxnas, the dog bears (Hywnarclos), the civets,
and the pandas (Adlurus); there were also the sabre-tooth tigers
and numerous other felines. In the trees were found the south
Asiatic and north African monkeys; and in the forests the axis
deer, now restricted to Asia. But the most distinctive African-
Asiatic animal of this period was found in the rivers; namely, the
hippopotamus, which arrived in Italy in the early Pliocene and
ranged south by way of the Sicilian land bridge into northern
Africa and east along the southern shores of the Black Sea to
the Siwalik hills of India. Thus, many of the ancestors of what
we have termed the African-Asiatic mammal group of Pleistocene
times had already found their way into Europe early in Plioccne
times. In middle and late Pliocenc times there arrived three
very important types of mammals which played a great réle in
the early Pleistocene. These are:

The true horses (Equus stenonis) of remote North American
origin.
The first true cattle (Leplobos elatus), originating in southern.
" Asia. "
The true elephants, first Elephas planifrons and later E. meridi-
onalis, better known as the southern mammoth, both orig-
inating in Asia.
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* The forests and river borders of the valley of the Arno, near
Florence, contained all these African-Asiatic animals in Upper
Pliocene times. Here they received their names which remind
us of this region of Italy as it is to-day, such as the Etruscan
rhinoceros (Dicerorhinus etruscus), the Florentine macaque (Ma-
cacus florentinus), Steno’s horse (Equus stenonis), the Etruscan
cattle (Lepiobos elruscus), which was the earliest ox to reach
Europe. .

In Italy and Francc these African-Asiatic mammals were
mingled with ancestors of the more hardy Eurasiatic forest and
meadow group. Of these the most graceful were a variety of
deer with very elaborate or many-branched antlers, hence known
as the ‘polycladine’ deer. In the forests roamed the wild boars
of Auvergne (Sus arverixnsis), also the bears of Auvergne (Ursus
arvernensis), lynxes, foxes, and wildcats. In the rivers swam the
otter and the beaver, closely allied to cxisting forms. Among the
rocks of the high hills were the pikas or tailless hares (Lagomys),
also hamsters, moles, and shrews.

Many of the most characteristic animals of the dry modern
plateaus of Africa had disappeared from Europe before the close
of Pliocene times, namely, species of gazelles, antelopes, and the
hipparion horses, all of which were adapted to the dry uplands
or deserts of Africa. In the remaining foune Pliocéne récente of
French authors we find evidence that the Pliocene in all of western
Europe closed with a moist, warm, temperate climate, with wide-
spread forests and rivers interspersed with meadows favorable
to the life of a great variety of browsing deer as well as of grazing
clephants, horses and cattle. The flora of the Middle Pliocene
as found at Meximieux indicates a mean annual temperature, of
62° to 63° Fahr.

One of the proofs of the gradual lowering of temperature
toward the close of Pliocene times in Europe is the southward

| vetreat and disappearance of the apes and monkeys; the Upper
Miocene gibbon is found as far north as Eppelsheim, near
Worms, Germany; in Lower Pliocene times the monkeys and apes
are found only in the forests of the south of France; in Upper
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Pliocene times they are recorded only in the forests of northern
Italy; the evidence, so far as it goes, indicates a gradual retreat
toward the south.

Finally, at the end of the Pliocene there existed very close
geographic relations eastward with the mammalian life of India
by way of what was then the isthmus of the Dardanclles and
southward with the mammalian life of Africa by way of the
Sicilian land bridge. This would indicate that the long lines of
eastward and westivard migration were open and favorable to the
arrival in western Europe of new migrants from the far cast,
including perhaps the most primitive races of man.  There is not
the least cvidence that Pliocene man or ancestors of man existed in
Europe, excepting such as may be afforded by the problematic
eoliths, or most primitive flints.

Tue FIrsT GLACIATION

In Upper Pliocene times cold marine currents® from the north
began to flow along the southeastern coast of England, with in-
dications of a gradually lowering temperature culminating at a
time when the sea abounded in the arctic mollusks, which have
been preserved in the ‘Weybourn Crags,’ a geologic formation
along the coast of Norfolk. This arctic current was the herald
of the First Glacial Stage.

It does not appear that a glacial cap of any considerable
extent was formed in Great Britain at this stage, but about this
time the first great ice-cap was formed in British North America
west of Hudson Bay, which sent its ice-shects as far south as
Jowa and Necbraska. In the latter State forests of spruce and
other coniferous species indicate the appearance of a cool tem-
perate flora in advance of the glaciation. In the Swiss Alps the
snow descended 1,200 meters below the present snow-line, and
in Scandinavia and northern Germany the first great ice-sheets
were formed from which flowed the glaciers and rivers convey
ing the ‘Old Diluvium,’ or the ‘oldest drift.” Accompanying the
cold wave along the eastern coast of England we note, in the
famous fossil deposits known as the ‘Forest Bed of Cromer,’
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which overlic the Weybourn Crags, the arrival from the north
of the fir-tree (Abies). ‘This is most significant, because it had
hitherto been known only in the arctic region of Grinnell Land,
and this was its first appearance in central Europe. Another
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Fre. 15, The First (Gunz) Glicial Stage was far less extensive than that in the above map,
which shows Europe in the Sevond Glacial Stage, during the greatest axtension of the
ice-tields and glaciers (dots), a period of continental deperssion in which the Mediter-
rancan, Black, and Caspian Seas were connevtad.  The line from Scandinavia to the
Atlas Mountains correspords with the section shown in Fig. 13, p. 3;. Drawn by
C. A, Realds, after James Geikie and Penck,

herald of northern conditions was the first occurrence of the
musk-ox in England, which is attributed? to the ‘Forest Bed’
deposits.

. While Great Britain was less affected at this time than other

f regions, there is no doubt as to the vast extent of the First Glacial
Stage in British America, in Scandinavia, and in the Alps; in the
latter region it has been termed ‘the Gilns stage’ by Penck and
Briickner. The ‘drift’ deposits have a general thickness of 9814
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feet (30 m.), but they are largely covered and buried by those
of the far more extensive Second Glacial Stage. The Scandi-
navian ice-sheet® not only occupicd the basin of the Baltic but
overflowed Scania—the southern part of Sweden—and extended
as far south as Hamburg and Berlin. In the Alps the glaciers

F16. 26. The musk-ox, belonging to the tundra region of the arctic circle, which is
reported to have migrated as far south as the southern coast of
England during the Finst (Guns) Glacial Stage.
passed down all the great mountain valleys to the low grounds of
the foreland, implying a depression of the snow-line to 4,000 fect
below its present level.

Tue First INTERGLACIAL STAGE. EoLiTns

Proofs that a prolonged cool wave passed over Britain dur-
ing the first glaciation are scen in its after effects, namely, in the
modernization of the forests and in the disappearance both in
Britain and France of a very considerable number of animals
which were abundant in Upper Pliocene times.  Yet by far the
greater part of the Pliocene mammal life survived, a fact which
tends to show that, while very cold conditions of climate and
great precipitation of moisture may have characterized the regions
immediately surrounding the ice-ficlds, the remainder of western
Europe at most passed through a prolonged cool period during



THE FIRST INTERGLACIAL STAGE 67

the climax of the First Glacial Stage. This was followed during
the First Interglacial by the return of a period somewhat warmer
than the present.

This First Interglacial Stage is known as the Norfolkian, from
the fact that it was first recognized in Europe in the deposits
known as the ‘Forest Bed of Cromer,” Norfolk, which contain
rich records not only of the forests of the period, but of the noble
forms of mammals which roamced over Great Brifain and France
in Norfolkian times.  The forests of Norfolk, in latitude 52° 40’ N.
mainly abounded in trees still indigenous o this region, such as
the maple, ¢lm, birch, willow, alder, oak, beech, pine, and spruce,
a forest flora closely corresponding to that of the Norfolk and
Suffolk coasts of England at the present time, although we find
in this fossil flora several exotic species which give it a slightly
different character.® From this tree flora Reid concludes that
the climate of southeastern England was necarly the same as at
present but slightly warmer.

We note especially that a very great change had taken place
in the entire disappearance in these forests of the trees which in
Pliocene times were common to Europe and America, as described
above; in other words, the flora of Europe was greatly impover-
ished during the first cold wave.

In southern France, as at the present time, the interglacial
climatic conditions were milder, for we find numerous species
of plants, which are now represented in the Caucasus, Persia,
southern Italy, Portugal, and Japan. Thus the First Intergla-
cial Stage, which was a relatively short one, enjoyved a tempera-
ture now belonging about 4° of latitude farther south.

This First Interglacial Stage is also known as the St.-Prestien,
because among the many localities in France and Italy which
preserve the plant and mammal life of the times that of St. Prest,
in the Paris basin, is the most famous. Here in 1863 Desnoyers™®
Tirst reported the discovery of a number of mammal bones with
incision lines upon them, which he considered to be the work of
man. These deposits were regarded at the time as of Pliocene
age, and this gave rise immediately to a wide-spread theory
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of the appearance of man as carly as the Pliocene.  The human
origin of the incisions discovered by Desnoyers has long been a
matter of dispute and is now regarded as very improbable.  Sim-
ilar lines may be of animal origin, namecly, marks left by claws

|

Fic. 27. The giant deer (Megaceros), which first appears in western Furope during the
First Interglacial Stage, probably as a migrant from the forested regions of Furasia.
After a painting by Charles R. Knight, in the American Muscum of Natural History.

" or teeth, or due to accidental pressure of sharp cutting surfaces.
However, we do not pretend to express an opinion of any value
as to the cause of these incisions.  Supposed confirmation of the
evidence of Desnoyers of the existence of Pliocene man was the
alleged finding by Abbott of several worked flints, two in silu, in
the ‘Forest Bed of Cromer,” Norfolk. Many ycars later in sim-
ilar deposits at St. Prest were discovered the supposed ‘coliths’
which have been referred to the Llage Prestien by Rutot.  The
age of the St. Prest deposits is, therefore, a matter of the very
highest interest and importance.
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St. Prest is not Pliocene; it is rather the most ancient Pleis-
tocene deposit in the basin of Paris,! and these incised mammal
bones probably date from the First Interglacial Stage. The bed
which has yiclded the incised bones and the rich series of fossils
consists of coarse river sands and gravels, forming part of a ‘high
terrace,’ 98137 feet (30 m.) above the present level of the river
Fure. This, like other ‘high terraces,” contains a characteristic
First Interglacial fauna, including the southern mammoth (E.
meridienalis), and Steno’s horse (E. stenonis).  \We also find here
other very characteristic carly Pleistocene mammals, such as the
Ftruscan rhinoceros (0. etruscus), the giant hippopotamus of
early Pleistocene times (/. major), the giant beaver of the early
Pleistocene (Trogontherippm), three forms of the common beaver
(Castor), and one of the bison (Bison antiguus). This mammalian
life of St. Prest is very similar to that of Norfolk, England ; to
that of Malbattu in central France, Puy-de-Déme; of Peyolles,
near the mouth of the Rhone, in southern France; of Solilhac
near Puy; of Durfort, Gard; of Cajarc, Lot-et-Garonne; and
finally to that of the valley of the Amo, in northern Italy.

One reason why certain authors, such as Boule and Depéret,
have placed this stage in the Upper Pliocene is that the mam-
mals include so many surviving Pliocene forms, such as the
sabre-tooth tigers (Macharodus), the ‘polycladine’ deer with the
claborate antlers (C. sedgwicki), the Etruscan rhinoceros, and
the primitive Steno's horse. But we have recently discovered
that, with the exception of the ‘polycladine’ deer, these mam-
mals certainly survived in Europe as late as the Se¢ond Inter-
glacial Stage, and there is said to be evidence that some even
persisted into the Third Interglacial Stage.

It is, therefore, the extinction or disappearance {rom Europe
of many of the animals very abundant even in late Pliocene

y times which marks this fauna as early Pleistocene.  Anthropoid
'hpus are no longer found; indeed, there is no evidence of the
survival of any of the primates, except macaques, which survive
in the Pyrences to late Pleistocene times; the tapir has entirely
disappeared from the forests of Furope; but the most signifi-
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cant departure is that of the mastodon, which is believed to
have lingered in north Africa and which certainly survived in
Amcrica into very late Pleistocene times.  The animal life of
western Europe, like the plant life, has lost one part of its
Pliocene aspect while retaining another part, both in its mamma-
lian fauna and in its forest flora.

The living .environment as a whole, morcover, takes on a
novel aspect through the arrival, chicfly from the north, of the

|
|

F1c. 28. The sabre-tooth tiger (Mackarodus), which survives from the Upper Pliocene
and is widely distributed over western Europe until the Middle Pleistocene. After
a painting by Charles R. Knight, in the American Muscum of Natural History.

more hardy animals and plants which had been evolving for a
very long period of time in the temperate forests and meadows
of Eurasia to the northeast and northwest. From this Eurasiatic
region came the stag, or red deer (Cervus cluplus), also the giant
deer (Mcgaceros), and from the northerly swamps the broad-
headed moose (Alces latifrons). The presence of members of the
deer family (Cervidi) in great numbers and representing many
different lines of descent is one of the most distinctive features
of First Interglacial times. Beside the new northerly forms
mentioned above, there was the roe-deer (Capreolus), which still
survives in Europe, but there is no longer any record of the
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beautiful axis deer (Axis), which has now retreated to southern
Asia.  The ‘polycladine’ deer, first observed in the valley of the
Ao, is represented in First Interglacial times by Sedgwick’s
deer (C. sedgwicki), in Norfolk, and by the species C. dicranius
of northern Italy, where there also occurs the ‘deer of the Car-
nutes’ (C. carnutorum).

We observe that browsing, forest-living, and river-living types
predominate.  Among the forest-frequenting carfivores were the
wolverene, the otter, two kinds of bear, the wolf, the fox, and
the marten; another forest dweller was a wild boar, related to
the existing Sus scrofa of Europe.

Thus in the very beginning of Pleistocene times the forests of
FEurope were full of a wild life very similar to that of prehistoric
times, mingled with which was the Oriental element, the great
clephants, rhinoceroses, and hippopotami connecting Europe with
the far cast. Among these castern migrants in the carly Pleis-
tocene were two new arrivals, the primitive wild cattle (Bos
primigenius), and the first of the bison (Bison priscus).

The theoretical map of western Europe during First Inter-
glacial times (Fig. 12, also Fig. 56) cnables us to understand
these migrations from the northeast and from the Orient.  As in-
dicated by the sunken river channels discovered on the old con-
tinental shelf, the coast-line extended far to the west to the bor-
ders of the continental plateau which is now sunk deep beneath
the ocean; the British Isles were separated from France not by
the sea but by a broad valley, while the Rhine, with the Thames
as a western tributary flowed northward over an extepsive flood-
plain, which is the present floor of the North Sea basin.'* It is
not improbable that the rich mammalian life deposits in the
‘Forest Bed of Cromer,” Norfolk, were washed down by tribu-
taries of this ancient Rhine River.

In all the great rivers of this enlarged western Europe occurred
the hippopotami, and along the river borders and in the forests
browsed the Etruscan rhinoceros. Among the grazing and
meadow-living forms of the Norfolk country of Britain were
species of wild cattle (Bos, Leplobos), together with two species
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of horses, including a lighter form rescmbling Steno's horse (F.
stenonis coccli) of the Val d’Amo and a heavier type probably
belonging to the forests. The giant elephant of this period is the
southern mammoth (E. meridionalis trogontherit), a somewhat
specialized descendant of the Pliocene southern mammoth of the
valley of the Arno; this animal is best known from a superb
specimen discovered at Durfort (Fig. 42) and preserved in the
Paris Muscum. It is said to have attained a height of over 12
feet as compared with 11 feet 3 inches, the height of the largest
existing African elephants. It is probable that all these south
Asiastic migrants into Europe were partially or wholly covered
with hair, in adaptation to the warm, temperate climate of the
summers and the cool winters. To the south, in the still milder
climate of Italy, the arrival of another great species, known as
the ‘ancient’ or ‘straight-tusked elephant’ (E. antiguus), is re-
corded. This animal had not vet reached France or Britain.

Preving upon the defenseless members of this heterogencous
fauna were the great machierodonts, or sabre-tooth tigers, which
ranged over Europe and northern Africa and into Asia. It
does not appear that the true lions (Felis leo) had as yet entered
Europe.

An intercommunication of life over a vast area extending
6,000 miles from the Thames valley on the west to India on the
southeast is indicated by the presence of six or more similar or
related species of elephants and rhinoceroses.  Twenty-five hun-
dred miles southcast of the foot-hills of the Himalayas similar
herds of mammals, but in an carlier stage of evolution, roamed
over the island of Java, which was then a part of the Asiatic
mainland.

THE TrINIL RACE OF Java

The human interest in this great life throng lies in the fact
that the migration routes opened by these great races of animals
may also have afforded a pathway for the carliest races of men.
Thus the discovery of the Trinil race in central Java, amidst &
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fauna closely related to that of the foot-hills of the Himalayas
and more remotely related to that of southern Europe, has
a more direct bearing upon our subject than would at first
appear.

On the Bengawan River in central Java, a Dutch army sur-
geon, Eugen Dubois, had been excavating for fossils in the hope
of finding prchuman remains. In the year 1891 he found near,
Trinil a deposit of numerous mammal bones, including a single
upper molar tooth which he regarded as that of a new species of

Fic. 29. Restortion of Pitkecanthropus, the Java ape-man, madelled
by the Belgian artist Mascré, under the direction of
Profossor A. Rutot, of Brussels, Belgium,

ape.  On carcfully clearing away the rock the top of a skull ap-
peared at about a meter’s distance from the tooth. Further ex-
cavation at the close of the rainy scason brought to light a second
molar tooth and a left thigh-bone about 15 meters from the spot
where the skull was found, imbedded and fossilized in the same
wmanner. These scattered parts were described by Dubois® in
1894 as the type of Pithecanthropus ereclus,® a term signifying the

* There is a vast Pithecanthropus literature.  That chictly utilized in the present de-
+cription includes Dubois,¥ Fischer,' Schwalbe,” Buchner. 't
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upright-standing ape-man.  The specific term erectus refers to
the thigh-bone, of which the author observes: ““We must there-
fore conclude that the femur of Pithecanthropus was designed for
the same mechanical functions as that of man. The two articu-
lations and the mechanical axis correspond so exactly to the same
parts in man that the law of perfect harmony between the form
and function of a bone will necessitate the conclusion that this

e

L

Fic. 30. The Solo or Bengawan River in central Java. Scene of the discovery of the
type specimen of Pithecanthropus erectus in 1894, After Sclenka and
Blanckenhom. Compare map (Fig. 32, p. 75).

fossil creature had the same upright posture as man and likewise
walked on two legs. . . . From this it necessarily follows that
the creature had the free use of the upper extremities—now su-
perfluous for walking—and that these last were no doubt already
far advanced in that line of differentiation which developed them
in mankind into tools and organs of touch. . . . IFrom a study
of the femur and skull it follows with certainty that this fossil
cannot be classified as simian. . . . And, as with the skull, so
also with the femur, the differences that separate Pithecanthropus
from man are less than those distinguishing it from the highest
anthropoid. . . . Although far advanced in the course of differ-
entiation, this Pleistocene form had not yet attained to the huniana
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type. Pithecanthropus crectus is the transition form between
man and the anthropoids which the laws of evolution teach us
must have existed.  He is the ancestor of man.”

Thus the author placed Pithecantiropus in a new family, of
the order Primates, which he named the Pithecanthropidze.

The geologic age Vikas
of the bones referred kowse JLIHN
to is a matter of first
importance. The re-
mains of Pithecan-
thropus lay in a de-
posit about one meter
in thickness, consist- 16, 31, Geological section of the volcano of Lawoe
M . i in the Solo River basin.  Drawn by C. A. Reeds.
ing of loose, coarse,
tufaccous sandstones, below this a stratum of hard, blue-
gray clay, and under that marine breccia. Above the Pith-
ccanthropus layer were the ‘Kendeng’ strata, a many-layered
tufaccous sandstone, about 13 meters in thickness. This geo-
logic series was considered by Dubois and others to be of late
Tertiary or Plio-
TRINIL cene age; Pithe-
canthropus ac-
cordingly became
knownas thelong-
awaited ‘Pliocene
ape-man.’ Subse-
quent ‘researches
by expert geolo-
gists have tended

] ] 25 mile to refer the age to

Fic. 32. Map of the Solo River, showing the Pitkecan- the early Pleisto-
thropus discovery site, abo two exvavations (Pit No. 1, e 13 ® .
Pit No. 2) in the ancient gravel of the Aver-bottom, made cene.! :\CCOYdlng
by the Sclenka-Blanckenhorn expedition of tgo7. JMter to Elbert!® the
Selenka and Blanckenhom,

Pleistocme

Scale |: 4800

Kendeng strata
zerlying the Pithecanthropus layer correspond to an carly plu-
vial period of low temperature and, in point of time, to the
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Ice Age of Europe. For cven in Java one can distinguish
three divisions of the Pleistocene period, including the first
period of low temperature to which the Pithecanthropus layer is
referred.

The fossil mammals contained in the Pithecanthropus layer
have also been thoroughly studied,'® and they tend to confirm
the original reference to the uppermost Pliocene.  They yield a
very rich fauna similar to that of the Siwalik hills of India, in-
cluding the porcupine, pangolin, several felines, the hywena, and

River Salo
F:Ihecan{hnpu: "~
High water mark of River Sofe Ty | som
| : el i1
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y | 7om
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Fic. 33. Section corresponding to line A-B in Fig. 12, showing the river-drift gravels
and samds at the point where the skull-top of Pithecanthropus
was found. Drawn by C. A. Reeds.
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Light-colond sand-tone, like tuf,

Gray tull with balls of clay, fresh-water shells.
White streakad sandstune resembling tufa,
Bluc-black clay with plant remains,
Bone-bearing stratum.  lihecanthropus,
Lahar conglumerate,

Pldstocene

- LW kn O

the otter. Among the primates beside Pithecanthropus there is a
macaque. Among the larger ungulates are two species of rhi-
noceros related to existing Indian forms, the tapir, the boar, the
hippopotamus, the axis and rusa deer, the Indian buffalo, and
wild cattle. It is noteworthy that three species of late Pliocene
elephants, all known as Stegodon, and especially the species
Stegodon ganeza, occur, as well as Fephas hysudricus, a species
related to E. aentiquus, or the straight-tusked clephant, which
entered Europe in early Pleistocene times.  Fossils of the same
animals are found in the foot-hills of the Himalayas of India,
about 2,500 miles distant to the northwest. The India deposits
are considered of uppermost Pliocene age,® for this is the closins
life period of the upper Siwaliks of India.
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Certainly Java was then a part of the Asiatic continent, and
similar herds of great mammals roamed freely over the plains
from the foot-hills of the Himalaya Mountains to the borders of
the ancient Trinil River, while similar apes inhabited the for-
csts. At this time the orang may have entered the forests of
Bornceo, which are at present its home; it is the only ape thus far
found in the uppermost
Pliocenc of India. We may,
therefore, anticipate the dis-
covery, at any time, in
India of a race similar to
Pithecanthiropus.

The geologic age of the
Trinil race is, therefore, to
be considered as late Plio-
cene or carly Pleistocene.

This great discovery of
Dubois aroused wide-spread
and heated discussion, in
which the foremost anato-
mists and palweontologists
of the world took part.
Some regarded the skull as
that of a giant gibbon,
others as prchuman, and :
still others as a transition  Fie. 33 The top (1) and side (1a) views of
form. We may form our ‘hif:ﬁr“'l')':&i:‘ ’83&1‘:”5"{5:‘“:“‘”
own opinion, however, from
a fuller understanding of the specimens themselves, always keep-
ing in mind that it is a question whether the femur and the skull
belong to the same individual or even to the same race.  First,
we are struck by the marked resemblance which the top of the
skull bears, both on viewing it from the side and from above, to
that of the Neanderthal race.  This fully justifies the opinion of
the anatomist Schwalbe®' that the skull of Pithecanthropus is
earer to that of Neanderthal man than to that of even the
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highest of the anthropoid apes. As measured by Schivalbe, the
index of the height of the cranium (Kalottenhisheindex) may be
compared with others as follows:

Lowest human race...coveveeiiiiiiiiiiiiinnan. §2 per cent.
Neanderthal man. ... ..coiiiiiiiiininnnieens. 40.4 per cent,
Pithecanthropus, or Trinil race. ........oovii 34.2 per cent.

This accords with the estimate of the brain capacity® of 855
c.cm. (Dubois) as compared with 1,230 c.cm., the smallest brain

Fic. 35. Head of chimpanzee—front and side views—exhibiting a head of somewhat sim-
ilar shape to that of Pithecanthropus, with prominent cychrow ridges, but much
smaller brain capacity, FPhotograph from the New York Zoological 'ark.

capacity found in 2 member of the Neanderthal race.  Second,
as seen from above, we are struck with the great length of the
calvarium as compared with its breadth, the cephalic index or
ratio of breadth to length being 73.4 per cent (Schwalbe) as
compared with 73.9 per cent in the Neanderthal type skull; this
dolichocephaly accords with the fact that all of the carliest human
races thus far found are long-headed, although according to
Schwalbe® all anthropoids are broad-hcaded. This is a very
important distinction. The third feature is the prominence and
width of the bony cycbrow ridges above the orbits, which are
almost as great as in the chimpanzee and greatly exceed those

*In the Trinil skull as restored by McGregor (Fig. 36) the cranial capacity i-
900 c.cm. '
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of the Neanderthal race and of the modern Australian. The
profile of the Trinil head restored by McGregor (Fig. 38) ex-
hibits this prominent bony ridge and the low, retreating fore-
head.  In the latest opinion of Schwalbe® Pithecanthropus may
be regarded as one of the direct ancestors of Neanderthal man
* and even of the highest human species, Homo sapiens. He also
considers that when the lower jaw of the Trinil race becomes

Fic. 36. Profile of the skull of Pithecamibropus, as restored by
J. HL McGregor. 1913, One-thind life size.

known, it will be found to be very similar to that of the Heidel-
berg man, the final conclusion being that Pithecanthropus and
the nearly allied Heidelberg man may be regarded as the common
ancestors of the Neanderthal race, on the one hand, and of the
higher races on the other. There are, however, reasons for ex-
cluding Pithecanthiropus from the direct ancestral line of the higher
races of man,

This prehuman stage has, none the less, a very great signifi-
cance in the developmental history of man. In our opinion it is
the very stage which, theoretically, we should anticipate finding
in the dawn of the Pleistocene. A similar view is taken by
V.iichner,® who presents in an admirable diagram (Fig. 117) the
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result of his comparison of twelve different characters in the
skulls of Pithecanthropus, the Neanderthals, the Australians, and
the Tasmanians. One of the main objects of Bilchner's rescarch
was a very detailed comparison of the Trinil skull with that
of the lowly and now extinct Tasmanian race, which, we observe

Fic. 37. Three views ol the skull of Pithecanthropus, as restored by
J. H. McGregor, showing the original (shaded) and restored
' (black lines) portions. Aboul one-quarter life sizc,

in the diagram, occupics a position only a little higher than that
of the Spy-Neanderthal race.

If the femur belongs with the skull, the Trinils were a tall race,
reaching a height of 5 feet 7 inches as compared with 5 feet 3
inches in the Neanderthals. The thigh-bone (Fig. 122) hasa very
slight curvature as compared with that of any of the apes or
lemurs, and in this respect is morc human; it is remarkably
elongate (455 mm.), surpassing that of the Neanderthals; th»
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shin-bone (tibia) was ',‘robably correspondingly short. The two
upper grinding-teeth preserved are much more human than those
of the gibbon, but they do not resemble those of man closely
cnough to positively confirm the prchuman theory. Dubois ob-
serves 2** “That the tooth belongs to some hominid form needs no

Fic. 38. Prufile view of the head of Pitkecanthropus, the Java ape-man,
after a model by J. H. McGregor,  Onequarter life size.

further demonstration. Aside from its size and the greater
roughness of the grinding surface, it differs from tht human
grinder in that the less developed cusp of Pithecanthropus is the
posterior cusp next the cheek, while in man it is generally the
posterior cusp next the tongue.  The simplification of the crown
and the root of the Trinil grinder is quite as extensive as it usually
is in man.”

Various efforts have been made to supplement the scattered
and scanty materials collected by Dubois.  The Selenka expedi-
tion of 19o7-8 brought back a human left lower molar as the
gnly result of an express scarch for more Pithecanthiropus remains.
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Dubois is also said to possess the fragmen? of a primitﬁ’c-looking
lower jaw from the range known as the Kendeng Hills, at the
southern base of which lies the village of Trinil.

It remains for us to consider the stage of psychic evolution
attained by the Trinil race, and this naturally turns upon the

Fic. 39. Front vicw of the head of Pithecanthropus, the Java ape-man,
after a model by J. H. McGregor, Oune-quarter life size.

erect attitude and what little is known of the size and proportions
of the brain.

The assumption of the erect attitude is not merely a question
of learning to balance the body on the hinder extremities.?® It
involves changes in the interior of the body, the loss of the tail,
the freeing of the arms, and the establishment of the diaphragm
as the chief muscle of respiration.  The thigh-bone of Pithecan-
thropus is so much like that of man as to support the theory that
the erect position may have been assumed by the ancestors of
man as ecarly as Oligocene times. It would appear that Pithe-
canthropus had free use of the arms and it is possible that the
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control of 'the thumi. and fingers had been cultivated, perhaps
in the fashioning of primitive implements of wood and stone.
The discovery of the use of wood as an implement and weapon
probably preceded that of the use of stone.

Elliot Smith describes this stage of development as follows =7
.« . The emancipation of the hands from progression threw
the whole responsibility upon the legs, which became more effi-
cient for their pur- ' .
Jrose as supports once
they lost their pre-
hensile powers  and
became elonpated
and  specialized  for
rapid progressicn.
‘Thus the crect atti-
tude became stereo-
typed and fixed and = i

- .
Aedilare “'r'

the limbs specialized, . :

. Fia. 300 Side view of brain of hizh type. fllustrating
and these UI)TIL,’hl the contrast between the motor, sensory, and idea-
simians emereed from liut}.\l centres ina high.t)‘l‘c of modem brain; and

. 5 N Elliot Smith’s characterization of the probable cen-
their ancestral forests tres in the Pithccamiaropus type of brain.  Modified

in S()CiC[iCS, armed  * aiter M. Allen Starr,

with sticks and stones and with the rudiments of all the powers
that eventually enabled them to conquer the world. The greater
exposure to danger which these more adventurous spirits en-
countered once they emerged in the open, and the constant
struggles these first semihuman creatures must haye had in
encounters with definite enemices, no less than with the forces of
Nature, provided the factors which rapidly weeded out those
unfitted for the new conditions and by natural selection made
real men of the survivors.”

The undeveloped forehead of Pithecanthropus and the dimin-
utive frontal arca of the brain indicate that the Trinil race had a
limited faculty of profiting by experience and accumulated tra-
dition, for in this prefrontal arca of the brain are located the
powers of attention and of control of the activities of all other
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parts of the brain. In the brain of the a~ . the sensory areas of
touch, taste, and vision predominate, and these are well devel-

F1c. 41. Diagram showing the side (lower figure)
and top (upper figure) views of the outline of the
Pithecanthropus brain as compared with that of
the chimpanzee and the higher human types of
the Piltdown, Neanderthal, and modern races.

oped in  Pithecanthro-
pus. The central arca
of the brain, which is
the storchouse of the
memorics of actions and
of the feelings associ-
ated with them, is also
well developed, but the
prefrontal area, which
is the seat of the faculty
of profiting by experi-
cnce or of recalling the
consequences of previ-
ous responses Lo experi-
ence, is developed to a
very limited degree®®
Thus, while the brain
of Pithecanthropus is
estimated at 8353-goo
c.cm., as compared with
600 c.cm. of the largest
simian brain, and 930
c.cm. of the smallest
brain recorded in the
lower members of the
human race, it indicates
a very low stage of in-
telligence.

ABSENCE OF PALEOLITHS AND PRESENCE OF EoLITHS IN WESTERN

Euvrore

Returning to First Interglacial conditions in Europe, we ob-
serve that the river courses flowed through the same valleys as
at present but that in early glacial times the channels were far
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broader and were clevi-ed from 100 to 1350 feet above the present
relatively narrow river levels.  The vast floods of the succeeding
glaciation filled these valleys, but some of the ‘high terraces’
were already formed. It is extremely important to note that
Pre-Chellean flints or true palxoliths have never been found in
the sands or gravels of these *high terraces.’

Eoliths found on this ‘high-terrace’ level at St, Prest belong
to the Prestien culture of Rutot,*? who regards this station as of
Upper Pliocene age.  These, like other supposed Eolithic flints,
are very rough, but, rude as they are, they generally exhibit one
part shaped as if to be grasped by the hand, while the other part
is cdged or pointed as for cutting. It is generally admitted that
these flints are mostly of accidental shapes, and there has been
little or no proof of their being fashioned by human hands. On
this point Boule?® observes: “ As to the coliths, I have combated
the theory not only because it seems to me improbable but because
a long geological experience has shown me that it is often impos-
sible to distinguish stones split, cut, or retouched by purely physi-
cal agents from certain products of rudimentary workmanship.”

On the other side, it is interesting at this point to quote the
words of MacCurdy ' *My opinion, based on personal experi-
ence, . . . is that the existence of a primitive industry, antedat-
ing what is commonly accepted as Paleolithic, has been estab-
lished. This industry occurs as far back as the Upper Miocene
and continues on through the Upper Tertiary into and including
the Lower Quaternary. The distinguishing characters of the in-
dustry remain but little changed throughout the entite period,
the subdivision of the period into epochs being based on stratig-
raphy [geologic stagesj and not on industrial characters. The
requirements in the way of tools being very simple and the
supply of material in the way of natural flakes and fragments of
flint being very plentiful, the inventive powers of the population
remained dormant for ages. Hammer and knife were the orig-
inal tools. Both were picked up ready-made. A sharp-edged,
natural flake served for one, and a nodule or fragment served for
the other.  When the edge of the flake became dulled by use, the
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piece was either thrown away or the «age was retouched for
further use. If hammer or flake did not admit of being held com-
fortably in the hand, the troublesome points or edges were re-
moved or reduced by chipping. The stock of tools increased
slowly with the slowly growing needs.  As these multiplied and
the natural supply of raw material diminished, the latter was
supplemented by the manufacture of artificial flakes.  When the
lesson of associating definite forms of implements with definite
uses was learned, special types arose, notably the amygdaloid
implement and the poniard. Then came the transition from the
Eolithic to the Palrolithic, a stage that has been so thoroughly
investigated by Rutot.”

It is not improbable that the Trinil race was in a stage of
Eolithic culture; it is highly probable that the prechuman races
of this very remote geologic age used more than one weapon of
wood and stone.

THE GREAT SECOND GLACIATION
(Fig. 25, p. 65)

In early Pleistocene times a general ¢levation of southern Eu-
rope united the islands of the Mediterrancan with Europe on the
north and with Africa on the south, forming broad land connec-
tions between the two continents which afforded both northward
and southward migration routes. At this time certain character-
istically African mammals, such as the straight-tusked elephant
and the lion, were probably finding their way north; Sicily at
this time gained its large fauna of elephants and hippopotami,
and the island of Malta was connected with the mainland, as
well as the easterly islands of Cyprus and Crete. It appears
probable that the connection between the Italian mainland and
Malta was renewed more than once.

The approach of the sccond glaciation- is indicated along the
southeast coast of Great Britain by the subsidence of the land and
the rise of the sea, accompanied by a fresh arctic current, bring-
ing with it an invasion of arctic mollusks which were deposited
in a layer of marine beds directly over those which contain the



PL 111, Pithecanthropus erectus, the ape-man of Java. Antiquity estimated at
§00,000 years. Aiter the restoration modelled by J. H. McGregor. It s not im-
probable that the prechuman races of this remote geologic age used more than one
natural weapon of wood or stone, the latter of the accidental ¢ Eolithic’ type.
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rich warm fauna a..", flora of the ‘Forest Bed of Cromer,’ Nor-
folk.® Tt also appez)rs probable that a cold northern current
swept along the western coasts of Europe, and Geikie estimates
that a lowering of temperature occurred of not less than 20°
Fahr., a change as great as is now experienced in passing from
the south of England to the North Cape.

The second glaciation was by far the greatest both in Europe
and America. In the region of the Pyrences, which at the very
much later period of the Third Interglacial Stage became a favor-
ite country with Palmzolithic man, therc were glaciers of vast
extent. This is realized by comparison with present conditions.
The largest of the present glaciers of the Pyrences is only 2 miles
in length and terminates at a height of 7,200 fcet above the sea.
During the greatest glaciation the snow appears to have de-
scended 4,265 feet below its present level. From the Pyrenees
through the Gallego valley into Spain there flowed a glacier 38
miles in length, while to the north the glacier in the valley of the
Garonne flowed for a distance of 45 miles to a point near Montré-
jecau. Even in its lower reaches this glacier was over half a mile
in thickness. To the cast was a glacicr 38 miles in length, filling
the valley of the Ari¢ge and covering the sites of such great Pa-
lzzolithic caverns as that of Niaux ; it is probable that at this time
the formation of this cavern began. That these glaciers were all
prior to the period of the Lower Palwolithic Acheulean culture is
proven by the fact that Achculean implements are frequently
met with lying on the surfacc of the moraines laid down by these
ancicnt ice-floes.® .

To the north was the vast Scandinavian ice-field, which swept
over Great Britain and beyond the valleys of the Rhine, Elbe,
and Vistula, reaching nearly to the Carpathians. Even the lesser
mountain chains were capped with glaciers, including the Atlas
Mountains in northern Africa.

In North America from the great centre west of Hudson Bay
the ice-cap cxtended its drift southward into Missouri, Iowa,
Kansas, and Nebraska, beyond the limits of earlier and sub-
sequent glaciations.
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The materials of the chief ‘high terrace- of the great river-
valleys of western Europe were deposited’ at this time,

LiFeE oF THE WARM SECOND INTERGLACIAL STAGE

The long warm period which followed the great glaciation is
remarkable in presenting the first proofs of the presence of man
in western Europe. It is the period of the Heidelberg race of
man (Homo heidelbergensis), known only from a single jaw dis-
covered by Schoetensack in the Mauer sands near Heidelberg,
in 1907. No other proofs of the existence of man have been
found in any of the deposits which took place during this vast
interval of geologic time, unless we accept the theory of Penck
and of Geikic that the Pre-Chellean and Chellcan quarries of
the River Somme belong in the Second Interglacial Stage.

The vast duration of this interglacial time is evidenced both
in Europe and America by the deep cutting and wearing away
of the ‘drifts’ brought down by the second glaciation. Penck
believes that this ‘long warm stage’ represents a greater period
of time than the entirc interval between the third glaciation and
the present time. The climate immediately following the re-
treat of the glaciers was cool and moist in the glaciated regions,
but this was followed by such a prolonged period of heat and
dryness that the glaciers on the Alps withdrew to a point far
above their present limits.

In one of the old ‘high terraces’ of the River Inn, in the
north Tyrol, is a deposit containing the prevailing forest flora of
the period, from which Penck concludes that the climate of Inns-
bruck was 2° C. higher than it is at the present time.  Correspond-
ing with this the snow-line stood 1,000 fect above its present level,
and the Alps, save for the higher peaks, were almost completely
denuded of ice and snow. A characteristic plant is the Pontic
alpinc rose (Rhododendron ponticum), which flourishes now in an
annual temperature of 57°-65° Fahr.,3* indicating that the cli-
mate of Innsbruck was as genial as that of the Italian slopes of
the Alps to-day. This rhododendron is now found in the Cau-
casus. Other southern species of the time were a buckthorn,
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related to a species .-ow living in the Canary Islands, and the
box. There were also more hardy plants, including the fir (Péinus
sylvestris), spruce, maple, willow, yew, elm, beech, and moun-
tain-ash. The forests of the same period in Provence were, for
the most part, similar to those now found in that region; out
of thirty-seven specics twenty-nine still occur in this part of
southern France. On the whole, the aspect of southern France
at this time was surprisingly modern. The forests included oaks,
elms, poplars, willows, lindens, maples, sumachs, dogwood, and
hawthorn. Among the climbing plants wcre the vine and the
clematis. Here also were some forms which have since retreated
to the south, such as species of the sweet bay and laurel which
are now confined to the Canary Islands. The great humidity
of the time is indicated by the presence of certain species of con-
ifers which require considerable moisturc. As in First Intergla-
cial times, the presence of the fig indicates mild winters.

It is difficult to imagine forests of this modern character,
which farther northward included a number of still more tem-
perate and hardy species, as the sctting of the great African and
Asiatic life that roamed all over western Europe at this time. It
was the presence of hippopotami, clephants, and rhinoceroses
which gave to Lyecll, Evans, and other early observers the im-
pression that a tropical temperature and vegetation were char-
acteristic of this long lifc period. These animals were formerly
regarded as proofs of an almost tropical climate, but the more
trustworthy evidence of the forests, strengthened by that of the
presence of very numerous hardy types of forest and meadow
animals, has set aside all the early theories as to extremely warm
temperatures during Second Interglacial times.

The remains of what is still conveniently known as the *faune
chaude,’ or warm fauna, are chiefly found in the sands and gravels
of the ancient beds of the Neckar, Garonne, and Thames, and
other rivers of the north and south, also in Essex, England. The
most surprising fact is that the mammal life of western Europe
remained entirely unchanged by the vast second glaciation just
described ; the few extinctions which occurred as well as a num-
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ber of new arrivals may be attributed to lew geographical con-
nections with Africa on the south and to the steady progress of
migration from the far cast.
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Fic. 42. The hippopotamus (/1. major) and the southern mammoth (E. meridionalis
frogontherii), a pair of mammals which enjoyed a similar range over western Europe
from the close of the Pliocene until the middle of Third Interglacial times, when their
remains are found associated with flints of Pre-Chellean, Chellean, and early Acheulean
age. One-sixticth life size. Drawn by Erwin S. Christman,

There were four very important and distinctive new arrivals
from the African-Asiatic world, namely, the straight-tusked or
ancient elephant (E. anfiquus), the broad-nosed rhinoceros (D.

merckii), the African lion (Felis leo), and the African hyxna (H.
siriata), which bespcak close geographical connections with
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northern Africa. Of these the ancient elephant and the broad-
nosed rhinoceros were close companions; they enjoyed the same
regions and the same temperatures, their remains are very fre-
quently found together, and they survived to the very end of the
great lifc stage of western Europe, which closed with the advent
of the fourth glaciation. They are in contrast to the other pair

Tic. 43. The other and hardicr pair of large African-Asiatic mammals, namely, the
brozd-nosed or Merck's rhinoceros (R. merckii) and the straight-tusked or ancient
elephant (E. antiguus), which entered western Europe in Second Interglacial times and
survived until Third Interglacial times, when their remains are found intermingled
with flints of the Acheulean and early Mousterian cultuees. These mammals were
doubtless hunted by men of the carly Neanderthal races. One-sixtieth life size,
Drawn by Erwin 8. Christman.

of great mammals which was already present in Europe in Plio-
cene and First Interglacial times, namely, the southern mam-
moth, at this stage known as Elephas trogontherii, which had a
preference for the companionship of the hippopotamus (H. major) ;
it would seem that these animals were less hardy because both
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disappearcd from Europe a little earlier than the ancient elephant
and Merck’s rhinoceros.

The African lion would appear to have been a competitor of
the sabre-tooth tiger, for the latter animal now becomes less
abundant, although there is reason to believe that it survived
until the Third Interglacial Stage. With the ancient Pliocene

Merchs rl'u-wc()'os
(R m:rcfn-.,-k_,\ s

Glacsation

T16. 44. Map showing the wide geographic distribution (horizontal lines) of Merck’s
rhinoeeros and the straight-tusked clephant, which first entered western Europe dur-
ing the First Interglacial Stage and survived until nearly the close of the Third Inter-
glacial Stage, The hippopotamus, which entered Europe in Pliocene times, survived
until after the middle of the Third Interglaciul Stage and kad a more limited dis-
tribution.  After Boule,

type of the sabre-tooth were also found the Etruscan rhinoceros,
the primitive bear of Auvergne (Ursus arvernensis), and the giant
beaver (Trogontherium cuvieri).

The northern forests of the time were frequented by the broad-
faced moose, the giant deer, and the roc-deer, as well as by noble
specimens of the stag (Cervus elaphus). In the open forests and
meadows the wild cattle (Bos primigenius) began to be more
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numerous and the bison (Bison priscus) also occurred. Among
the meadow or forest frequenting forms were horses of larger size,
such as the horses of Mosbach and of Siissenborn. In this assem-
blage of northern and southern types it is noteworthy that the
Eurasiatic forest and meadow types of mammals greatly predomi-
nate in numbers and in varicty over the African-Asiatic types;
this, together with the flora, is an indication that the climate was
of a temperate character; it is probable, thercfore, that all the
mammals were well protected with a hairy covering and adapted
to a temperate climate. The fact that the fauna as a whole re-
mained practically unchanged throughout the second glaciation
is a proof not that it migrated to the south and then returned
but that the non-glaciated regions of western Europe were tem-
perate rather than cold.

THeE HEDELBERG RACE

To us by far the most interesting mammalian lifc is that found
south of the mouth of the Neckar along the ancient stream Elsenz,
Heidelberg man. where were dcposited the lower ‘sands of
Ancient clephant. Maucr,’ containing the lower jaw of the Hei-
Etruscanrhinoceros.  delberg man and the remains of many ani-
Mosbach horse. mals of the period. The enumeration of this

Wild boar. . . . e ae ae
Broud-faced moose.  cntire fauna is very important, as indicating

Red deer, or stag.  the temperate climatic conditions which sur-
}fof“"‘,lc,cr' " roundcd the first true species of man which
rzi:::;]i) on has thus far been discovered in Europe. The
Primitive ox discoverer, Schoetensack,?® referred these
(Aurochs, urus).  mammals and the Heidelberg' man to the
MY GEEng: bear, First Interglacial Stage, and a similar opinion
Deninger’s bear., iy,
Lion. has recently been e_xpressed by Geikie. The
Wildeat, presence of the Etruscan rhinoceros would ap-
Wolf. pear to point to such great antiquity, but the
Beaver.

evidence afforded by this primitive animal is
overborne by that of three mammals which are highly character-
istic of Second Interglacial times ; these are the straight-tusked or
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ancient elephant (E. antiquus), the lion, and the Mosbach horse.
Excepting only the Etruscan rhinoceros, all these spccies fre-
quenting the ancient stream Elsenz and deposited with the
‘sands of Mauer’ occurred also in the forests and meadows of the
region now known as Baden, where the fossil mammal deposits
of Mosbach near the Neckar arc found. A similar mammalian
life of a somewhat more recent time occurs in the river gravels of
Siissenborn, near Weimar. The horses of Mauer, of Mosbach,
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Fic. 45. Section of the valley of the strcam Elsenz, near Heidelberg, showing the location
of the Mauer sand-pit in which the Heidelberg jaw was discovered, An
ancient layer of river-drift, Drawn by C. A. Reeds.

and of Siissenborn* were of much larger size and of more
specialized character than Steno’s horse of First Interglacial
times.

Thus the Heidelbergs, the first human race recorded in west-
emn Europe, appear in southern Germany early in Second Inter-
glacial times, in the midst of a most imposing mammalian fauna
of northern aspect and containing many forest-living specics,
such as bear, deer, and moose; in the meadows and forests
browsed the giant, straight-tusked clephant (E. antiguus), which
from the simple structurc of its grinding-teeth is regarded as
similar in habit to the African elephant now inhabiting the
forests of central Africa; the presence of this animal indicates a
relatively moist climate and well-forested country. The Etrus-

* These horses are now identified respectively as E. mauerensis, E. mosbachensis, ana
E. stissenbornensis. -
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‘can rhinoceros differed from the larger Merck’s form in the pos-
scssion of relatively short-crowned grinding-tecth, adapted to
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Fic. 46. Sand-pit at Mauer, near Heidelberg, discovery site of the jaw of Hecidel-
berg man.  After Schoetensack.
a-b. *Newer loess,” cither of Third Interglacial or of Postglacial times.
b-c. 'Older loess’ (sandy locss) of the close of Second Interglacial times.

¢f. The ‘sands of Mauer.
d-e. An intermediate layer of clay.

The white cross (X) indicates the spot at the base of the ‘sands of Mauer’ at
which the jaw of Heidelberg was discovered.

browsing habits and a forested country; on the head were borne
two horns; it was a long-limbed, rapidly moving type; the herds
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of bison and of wild cattle (urus) which roamed over the plains
were now subject to the attack of the lion.

The discovery in 1907 of a human lower jaw in the base of
the ‘Mauer sands’ is one of the most important in the whole
history of anthropology. The find was made at a depth of 79
feet (24.10 m.) from the upper surface of a high blufl (Fig. 46),
in ancient river sands which had long been known to yicld the
very old mammalian fauna described above. Tor ycars the

Fic. 47. The Heidelberg jaw, type of Homo heidelbergensis.  About
two-thirds life size. After Schoetensack,

workmen had been instructed to keep a sharp lookout for human
remains. The jaw had evidently drifted down with the river
sands and had become separated from the skull, but it remained
in perfect preservation. The author’s description may first be
quoted.®® The mandible shows a combination of features never
before found in any fossil or recent man. The protrusion of the
lower jaw just below the front teeth which gives shape to the
human chin is entirely lacking. Had the tceth been absent it
would have been impossible to diagnose it as human. From a
fragment of the symphysis of the jaw it might well have been
classed as some gorilla-like anthropoid, while the ascending ramus
resembles that of some large variety of gibbon. The absolute
certainty that these remains are human is based on the form of
the teeth—molars, premolars, canines, and incisors are all essen-
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tizhly human and, although somewhat primitive in form, show
no trace of being intermediate between man and the anthropoid
apes but rather of being derived from some older common an-
cestor. The teeth, however, are somewhat small for the jaw;
the size of the border would allow for the development of much
larger teeth; we can only conclude that no great strain was put
on the teeth, and therefore the powerful development of the bones
of the jaw was not designed for their benefit. The conclusion is

Fic. 48. Side view of Heidelberg jaw (centre) compared with that of a chimpanzee (right)
and of an Eskimo (left); the latter an individual of exceptionally large proportions,

that the jaw, regarded as unquestionably human from the nature
of the teeth, ranks not far from the point of separation between
man and the anthropoid apes. In comparison with the jaws of
Neanderthal races, as found at Spy, in Belgium, and at Krapina,
in Croatia, we may consider the Heidelberg jaw as pre-Neander-
thaloid; it is, in fact, a generalized type.

In a conservative spirit, Schoetensack named the type rep-
resented by this jaw Homo heidclbergensis.  Other authors have
regarded it as of distinct generic rank; thus it has been termed
Paleoanthropus heidelbergensis by Bonarelli®®  The jaw itself is
extremely massive; the canine teeth, unlike those of the an-
thropoid apes and of the Piltdown race, do not project beyond the
line of the other teeth and were therefore not used as weapons
of offense and defense as in the anthropoids, in which these teeth
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are prominently developed as tusks.

As noted by Schoetensuck,

the tecth are not very massive in proportion to the jaw itself,

— |

|
|

F16. 49. The jaws shown in Fig. 48 scen
from above. A massive Iskimo jaw (above),
the Heidelberg jaw (centre), the jaw of a
chimpanzee (IJL]OW)

which is the most powerful
human jaw known, even ex-
ceeding the largest Eskimo
jaw and indicating a skull of
very massive and primitive
character. It resembles that
of the ape in the recession of
the chin, hence it has been
termed amentalis. There is
a large development of the
coronoid process of the man-
dible for the attachment of
the temporal muscle. This
jaw may well have been used
as a tool in the last stages
of the preparation of hides, as
is the practice of the Eskimo
races. \We observe that the
powerful bony branches of
the jaw, when regarded from
above, close in upon the
space left for the tongue; in
fact, the bone closes in to
such an extent as to inter-
fere seriously with the free
use of the tongue in articu-
late speech.

It would scem that in the
jaw, and probably in all
other characters of the skull,

as they become known, the Heidelberg race will be found to be
a Neanderthal in the making, that is, a primitive, more powerful,

and more ape-like ancestral form.

In the matter of the retreat-

ing chin, the true Neanderthals of Spy, Malarnaud, Krapina,
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and La Chapelle rank exactly half-way between the most in-
ferior races of recent man and the anthropoid apes.

Not only among the Eskimos, but generally throughout the
savage races of Australia and of other countries, the jaws are used
as tools; among the Australians the teeth are very much worn

F1c. so.  Restoration of fhe Man of Heidelberg by the Belgian artist Mascré,
under the direction of Professor A. Rutot, of Brusscls. This restoration pre-
sents an advance upon the Pithecanthropus type.  In our opinion the Heidel-
berg man was more human and less ape-like in appearance.

down but are in admirable preservation.  When seen from above,
we observe that the ‘Heidelberg’ grinding-tecth form a perfect
arch, or horseshoe-shaped arrangement, whereas in all the apes
the two lines of grinding-teeth are almost parallel with each other.
Thus, while there may be wide differences of opinion as regards the
relationships of the Heidelberg man, all agree that Schoetensack’s
discovery affords us one of the great missing links or types in the
chain of human development.

The typical mammalian life of Second Interglacial times as
found at Mosbach and Siissenborn belongs perhaps to a some-
what more recent stage of Second Interglacial times than that of
the ‘Mauer sands,’ for in these localities the Etruscan rhinoceros
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is wanting and the more specialized broad-nosed rhinoceros is
abundant; this animal differs from the Etruscan form in the pos-
session of relatively long-crowned grinding-tecth, which were bet-
ter adapted to grazing habits. On the head were borne two horns.
A variety of the southern mammoth (E. trogontherii) is so highly
characteristic of Second Interglacial times that Pohlig refers to
this life period as the E. trogonticrit stage. From the structure of
its grinding-teeth it is regarded as similar in habit to the Asiatic
elephant, which now inhabits the forests of India, but it has the
peculiar concave forehead distinctive of the mammoth and quite
unlike the convex forehead of the Indian elephant. The bears of
this period belong to the primitive species U. deningeri and U.
arvernensis, for so far there is no certain record of the presence of
the true brown bear of Europe (U. arctos). The sabre-tooth
tiger of this time is preserved in the caverns of the Pyrencees near
Montmaurin, associated with the remains of the striped hyana
(H. striata), a species which was widely distributed over western
Europe in early Pleistocene times. This species was contempo-
rary with, and later replaced by, the spotted hyxna (/1. crocuta),
from which the very hardy cave-hywna (/1. crocula spelea) of the
‘Reindeer Period,’ descended. We observe that the ‘polycla-
dine’ deer of Upper Pliocene and First Glacial times has disap-
peared from western Europe; nor are there any traces of the
axis deer. The hippopotamus is still represented by the giant
species, H. major.

EArRLY NORTHERN MIGRATIONS OF THE REINDEER

The animals that we have described belong in the warmer
and more temperate regions of Europe. In the regions near the
glaciers the reindeer was already to be found; in fact, this char-
acteristically northern animal is recorded in the gravels of Siis-
senborn, near Weimar.

There is evidence of a succession of climatic changes in the
region of Heidelberg. The Heidelberg jaw with its temperate
mammalian fauna occurred at the very base of the Mauer blufl,
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but higher up the bluff (Fig. 46) on a corresponding level are
found the remains of mammals which indicate a marked lowering
of temperature and which are referred by some authorities to the
period of chilling climate that characterized northern Europe
toward the close of Second Interglacial times. The reindeer also
occurs in the ‘high terrace’ gravels of the River Murr, near
Steinheim; thus, at Mauer, at Siissenborn, and at Steinheim, we
find proof that the reindeer had begun to spread over the colder
regions of Europe, and there is some ground for belief that it
found its way even as far south as the Pyrenees.

The evidence of the first cold, arid period which for the time
greatly affected the climate of western Europe is also found in
the laycer of so-called ‘ancient loess’ which lies in the bluff above
the ‘sands of Mauer.” This loess covers the warm mammalian
deposits of the ‘sands of Mosbach’ as well as the ‘high terraces’
of many of the ancient river-valleys. Both in Europe and Amer-
ica the climatic sequence of the Second Interglacial Stage from
moist to dry appears to have been the same.

Thus, after the recession of the ice-fields of the second glacia-
tion, the climate was at first cold and moist ; then followed a long
warm stage, favorable to the spread of forests; this was finally
succeeded by a period of aridity in which the most ancient
‘loess’ deposits occurred.  In Russia, also, the third glaciation
was preceded by an arid and steppe-like climate with high winds
favorable to the transportation of ‘locss.’

No paleoliths or other proofs of human occupation have been
found in this cold, dry period, for there is no evidence in any
part of Europe of camping stations in this ‘ancient loess’ such
as we find in the ‘loess’ which was deposited during the similar
arid period toward the close of Third Interglacial and again dur-
ing Postglacial times. Nor have we any record of the mammalian
life in this ‘ancient loess’ of Europe.
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Tue THIRD GLACIATION *

This arid period in northern Europe and in North America
was followed by the moist, cool climate of the third glaciation.
It is estimated by Penck that the advance of these new ice-fields
began 120,000 years ago and that the period of advance and re-
treat of the glaciers was not less than 20,000 years. 1In the Alps
the snow-line descended 1,250 metres below the present level;
consequently this glaciation was more severe than the first but
somewhat less severe than the second. In northern Europe the
Scandinavian ice-field did not cover so wide an arca as during the
second glaciation, although Britain and Scandinavia were again
deeply buried by ice; the glacial cap and glaciers flowed in a
westerly and southwesterly direction across Denmark and the
southern portion of the basin of the Baltic into Holland and
northern Germany. In the Alps the third glaciation sent vast
ice-flocs along the valley of the Rhine, into castern I'rance, and
into the valley of the Po, where this glaciation was even more
extensive than the second. But the greatest glacier of this time
was that of the Isar, a southern tributary of the Danube, which
rises in the Bavarian Alps.®®

During the Third Glacial Stage certain of the ‘middle terraces’
along the Rhine and other rivers flowing from the Alps were
formed. In Britain,*® whereas during the second glaciation the
ice-fields extended as far south as the Thames, during the third
glaciation they did not extend beyond the midlands; yet an
arctic climate prevailed over southern England, with tundra con-
ditions and temperature, as indicated by the plant deposits at
Hoxne!® in Suffolk. Even before the third glaciation began in
Europe a great ice-cap had formed over Labrador, on the castern
coast of North America, and the ice-sheets flowing to the south
and southwest extended as far as Illinois, depositing the great
Illinoian ‘drifts.’

* This glaciation as it occurs in northern Europe has been termed Polandian by Geikie ;

in the Alps Penck has termed it the Riss; in America it is known as the Illinoian {rom
the great drifts it Jeposited over the State of Ilinois.
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Along the borders of these great ice-fields in both countries
a cold and moist climate prevailed, for a prime condition of glacia-
tion is the heavy precipitation of snow. In northern Europe, be-
tween the great Alpine and Scandinavian ice-fields of the third
glaciation a cold climate undoubtedly prevailed; in the region
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Fic. 51, The ice-fields and glaciers of the Third Glacial Stage are scen {o be much less
extensive than those of the Sceond Glacial Stage, shown in Fig. 25, p. 05, The conti-
nental depression and invasion of the sea is abso believed to have been less extensive.
At this stage there are broad areas {ree from ice between the Scandinavian, the Alpine,
and the Pyrencan ice-caps.  Drawn by C, A. Recds, after James Geikie. (Compare
Iig. 13.}

of the Neckar River, near Cannstatt, is found a deposit known as

‘mammoth loam,” which Koken believed to be contemporaneous

with the period of the third glaciation, although the evidence is

certainly not convincing.!® Here are found fossil remains of the

Scandinavian reindeer, also of two very important new arrivals

in Europe from the tundra regions of the far northeast, animals
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which had wandered along the southern borders of the Scundi-
navian ice-sheet from the tundras of northern Russia and Siberia.
This is the first appearance in western Europe of the woolly mam-
moth (E. primigenius) and the woolly rhinoceros (D. anliquitatis).
In this ‘mammoth loam’ there also occur two specics of horse,
the giant deer (Megaceros). the stag, the wisent, and the Aurochs.
If the woolly mammoth and the woolly rhinoceros actually en-
tered eastern Germany at this time, they certainly retreated to
the north with the approach of the warm temperate climate of the
Third Interglacial Stage, because no trace of these animals has
been found again in Europe until the advent of the fourth gla-

ciation.
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