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PREFACE.

In the Preface to the Third Edition of my
* Doctrine of Descent and Darwinism,” which ap-
peared in 1883, I quoted the opinion of a famous
lawyer as to the worthlessness of science, not
with the intention of refuting it, but gave it as
an example of the incredible naivet¢é with which
eminent representatives of certain pronounced
religious tendencies confront the work and results
of natural science. Not long afterwards I was
asked by a well-known man whether my lectures
on zoology, at the university, treated of Darwinism
as well. What my answer was is known to all
those who have taken any interest in the ¢ theory
of descent.” To those who have an understanding
of the subject, and of the aims of a secientific

interpretation of the living world (which is, in
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vi PREFACE

fact, the only one possible interpretation), I offer
the present work as a supplement. It will be
found to contain proofs of the necessity, the truth,
and the value of Darwinism as the foundation
for the theory of descent, within a limited field,
and is brought down to the most recent times.
Within these limits the work is complete in itself ;
for although the student of natural history may
have become acquainted with interesting fragments
of the actual science, still the subject has not
before been presented in so comprehensive a
manner, or in so convenient a form.

Together with my special studies of the zoology
of the lower animals, I have for many years past
felt myself peculiarly attracted by the advance of
our knowledge of the Mammalia in their general
relation to paleontology and anthropology.
From year to year I have followed this advance
with increased interest, and always with a view
to the principal questions connected with the
domain as a whole. Hence I venture to offer this

work to our younger and rising scientists as, I

trust, a suggestive introduction to that portion
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of the animal kingdom which stands closest to
anthropology.

My materials have been drawn from original
works, when and wherever they were within my
reach ; hence I never give extracts from extracts.
[ take it for granted that my readers, if not already
in some measure acquainted with the forms and
mode of life of the Mammalia, have at hand some
such work as Brehm's ‘Thierleben,” or Martin's
‘ [llustrirte Naturgeschichte der Thiere.” Books
such as these, which nowadays oceupy a pro-
winent place in popular literature, make us
acquainted with faets; but, with the exception
of C. Vogt’s and Specht’s works on the Mammalia,
they go no farther. Now, as the theory of descent
has shown, light and interpretation are shed upon
the Present by the Past; and thus the history of
the development of animals, the history of the
earth and geography, are made to confirm one
another. In undertaking to give an introduction
to illustrate this, I must observe that it will be

possible only by overcoming a variety of difficul-

ties, by entering upon various apparently trifling
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details — for instance, the construction of the teeth ;
and these must not be regarded in themselves as
merely amusing or entertaining, for, when brought
into connection, these details often open up the
most surprising and most wonderful prospects.
By these enquiries we do not indeed arrive at the
final cause of things, or at what the philosophers
call the Thing Itself, but from an insight into the
connection of the facts we obtain a higher
arrangement for those facts. They demand an
ever deeper penetration, and transport us into that
creative state of enthusiasm which, by being the
imaginative faculty of thinking-man, raises us
above those who remain standing amid their own
surroundings either in a state of blank amazement
or of dull enjoyment.

I am only following the usual custom by men-
tioning, in conclusion, the assistance I have re-
ceived from my daughter Johanna, to whose
experienced hand T owe a series of original draw-

ings, from which my illustrations have beem made.

OscArR SCHMIDT.

STRASEURG : Sepfember, 1884,
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THE MAMMAILIA

IN THEIR RELATION TO PRIMEVAIL, TIMES.

I

GENERAL INTRODUCTION.

THE POSITION OF THE MAMMALIA IN THE ANIMAL

KINGDOM.

It has always been considered a matter of course
that the Mammalia stand at the head of the animal
kingdom. This has been the opinion of the multi-
tude who have not given any thought whatever to
the origin of living things: also of those to whom
the “idea of the creation,” or rather the empty word
creation, was, and still is, the one *comforter in
need ;’ and again also of the majority of our stu-
dents of modern biology, the advocates of the theory
of descent, and their few predecessors. This agree-
ment in the opinion expressed about the Mammalia
dates from the earliest times, and is founded upon

n




2 THE MAMMALIA,

the high estimation in which man holds himself,
an opinion which we meet with as uniformly. Man
finds himself bound by every fibre within the group
of the Mammalia ; and as soon as he makes him-
self the standard by which to measure the value
and the position of living ereatures—and this he has
every reason to do within the circle of those he 1s
acquainted with—he cannot, when making a com-
parative survey, do otherwise than class them as
they always have been classed.

The very obvious fact of the close affinity of
the Mammalia with man, and the consequent neces-
sity for some systematic arrangement of them, leads
to the further observation that certain groups or
classes of animals resemble the Mammalia in the
main characteristics of form and structure more than
others. Nor has there ever been any doubt as to
this close ‘relationship.’ Ever since the days of
Aristotle men have been agreed about the group
of the Vertebrates, and about the succession of
Fishes, Amphibians, Reptiles, Birds and Mammals.
This order was naturally meant to express the gra-
dation of perfection, and always with the supposi-
tion of the ideal to be attained in man. Hence the

vertebrates, as a whole, formed the chief main divi-
sion, the highest type of the animal kingdom.
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The position of the Mammalia in their connee-
tion with the other classes of vertebrates, and their
special relationship with one class of them—taking
the word relationship without its explanation by
descent—rendered the old system extremely obscure,
for the facts themselves spoke very imperfectly.
The anatomical resemblance is nowhere so absolutely
distinet that the deseriptive method could point to
the bird, or to any one of the vertebrates, as show-
ing the closest and most numerous affinities with
the Mammalia. That animals of the frog species
and mammals should possess two condyles at the
back of the head as the first vertebra of the neck,
and that birds, like lizards and their relatives, had
only one, always seemed surprising to comparative
anatomists. Yet what was to be done with this
and other similar facts? We know that since the
middle of the eighteenth century the idea of descent
and development flickered up here and there. But
the theory was unable to rise above the general
conception, and even in the present century its
importance was not felt by an anatomist who, in
my opinion, nevertheless possessed the clearest
ideas of the connection between the present and the
past. I refer to the elder d’Alton. Although his
interest in the subject was aroused by Goethe, it

B st




4 THE MAMMALIA.

was Goethe again who is indebted to d’Alton for
some of his most frequently quoted opinions.
Goethe, in order, as it were, to keep off the profanum
vulgus, gives in a mystic form what d’Alton stated
unequivocally. D’Alton’s famous work on skeletons
also induced Goethe to discuss the subject of adapt-
ability, and to maintain that adaptation was one
of the most important factors in producing new
forms. ‘The animal 1s formed by ecircumstances
for eirecumstances.’

The power of an organism to accommodate
itself to the place of its abode and food—which is
an undisputed phenomenon—must be all the more
striking the more complicated the structure of the
group of animals, and can therefore generally be
more easily verified in the case of the mammal,
even by the unpractised eye. As the mammal, in
the first place, endeavours to satisfy its need of
food, the variation called forth by the adaptation
directed towards this want is expressed at first by
its instruments of locomotion and mastication. It
may also be said that mammals give more proof of
the power of adaptation in the systematic arrange-
ment of their parts than most of the other classes
of animals, but we must not forget that this

arrangement of parts, in all classes of animals, is

i
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almost exclusively the result of adaptation. The
power of the animal to move in accordance with
the peculiarity of the place of its abode, to secure
its food, and to rear its offspring, is in most cases
so perfect (if the imperfections are concealed) that
the real purpose would seem to be the harmony of
the surroundings and means of subsistence of the
organism. The scientific novice as well as the
dualistic philosopher finds ¢a purpose in nature —
a common purpose of connected systems of organs
—-even where the scientific inquirer sees a number
of imperfections, that might more consistently
with a ‘purpose' have been avoided had the
natura naturans wished to take a more direct road.
How precarious this idea of a ¢ purpose in nature ’
18, as regards our own bodies, might, we think,
be felt with every cold in the head. Tt is only
when the adaptability has become an actual con-
dition that the result appears to be a preordained
purpose.

Those who regard the Mammalia as organisms
adapted for some special purpose, and exactly in
their place when and as we find them, are satis-
fied with a systemative manual on the subject.
But, we ask, is this kind of knowledge science ?
Does this knowledge give us any real understand-




6 THE MAMMALIA,

ing of the subject? Can those who know the
Mammalia of our day, in all the various phe-
nomena of their life and the differences in their
structure, be said to be fully enlightened as to the
causes and connection of all these facts ? As this
has generally been taken for granted, zoology has
hitherto been stigmatised by the senseless appella-
tion of ¢a deseriptive science ;' for, in fact, it was
not considered to possess the character of a science
that inquires into a causal eonnection. As if a
science could exist without having an observing as
well as a descriptive part!

The deseriptive zoologist need not in any way
trouble himself or be astonished at anything.
When, however, he has to take mto consideration
the scientific results of recent times, he will have
to pause before a series of specially striking phe-
nomena. This will happen, for instance, when he
is about to make a preliminary comparison of the
Mammalia with the rest of the Vertebrates, for he
will want transition forms between the former and
the latter. Buffon's opinion, that by carefully
observing two organisms, however different, an un-
interrupted series of transition forms will always
be found, did not long hold good in face of our

more strict systematic arrangement. The Ik
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between the Mammalia and the rest of the verte-
brates has scarcely been looked for anywhere,
except among the birds, owing to the obviously
high degree of mental development attained by
certain members of this class, owing to the stronger
and more perfeet circulation of their blood. But
neither Buffon or any other later comparative
anatomist has undertaken to give any specifiec proof
of this link, because, as was said above, other
circumstances pointed to a relationship with the
Amphibians.

It will not be necessary to make other vain
attempts to bridge over the gap between the
Mammalia and the other vertebrates of the present
day. It will even be shown that this difficulty is
not at all or but little removed by our present
knowledge of primeval times.

More striking still are the numerous isolated
forms within the class of the Mammalia themselves.
The best known example of this kind of an isolated
form of mammal is the horse and its relatives, the
genus Fquus. The descriptive zoologist places it by
the side of the two-hoofed animals. Yet the differ-
ence between the one-toed horse and the two-toed
oxen and stags remains completely unexplained.
Besides this, the more perfect dentition of the horse
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stands in sharp contrast with the reduced dentition
of most of the ruminants, which lack the upper
incisors ; the only point of connection would seem
to be the camel, which again has a much fuller
dentition. Nevertheless, the horse remains a phe-
nomenon so peculiar within itself, that desecriptive
zoology has always classed the genus Horse —which
18 limited to a few species—in the order of the two-
hoofed animals, which contains a number of different
genera and several hundred species.

It is much the same with the perfectly unten-
able order of the many-hoofed or thick-skinned
animals, for it 1s made to comprise entirely different
members.  What a peculiar form, for instance, we
have in the elephant among the thick-skinned
animals, or, indeed, among the whole class of
Mammalia : a strict vegetarian, and yet in every
respect an oddity among the plant-eaters. The
caps of horn, somewhat like nails, which cover
the points of his toes, ean searcely be called hoofs.
The form of his skull, his teeth and his trunk, in
like manner, separate him from all the other plant-
eaters in whose society he has figured since the
days of Linneus. But even among the rest of the
so-called many-hoofed animals there is no unity,
even according to the interpretation of a later,

. 5 - g = i
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post-Linngan system ; for the various genera differ
more from one another in strueture, feet and teeth,
than do the members of other orders. That the
pig shows more affinity with the rhinoceros or with
the hippopotamus than with the ox, is anything
but self-evident as soon as it is clearly perceived
that the connecting link cannot be in the number
of hoofs. We may mention as isolated genera also
the eamel, the giraffe, and the fingered-animals ;
and as isolated families all those animals which, on
account of their defective dental arrangement, may
be classed as animals poor in teeth (Edentata),
such as sloths, girdled animals, ant-eaters, and
scaled ant-eaters; for even as groups they show
among one another a want of harmony similar to
that of the heterogeneous divisions of the class of
the many-hoofed animals. If, further, we draw
attention to the contrast in which the Marsu-
pials stand to all the other orders of mammals,
while they differ very widely among themselves,
we shall have pointed out a large number of
phenomena that are wholly unintelligible by them-
selves.

In addition to this we meet with the many
geographical difficulties: for instance, the geo-
graphical distribution of animals which, by itself,
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is inexplicable.! Certainly all the phenomena here
referred to are intelligible when the supposition of
migration does not stumble upon contradictions
and surmountable obstacles, and when the capacity
of the organism to acclimatise itself—using the
word in its widest sense—is taken into account as
a long since established fact; but the question as
to the origin of species in general is left as a point
to be considered apart. Without doubt that which
tends to the widest distribution of an animal form
and to the intercourse between the most different
species, is the sea. Since recent scientific investi-
cations have made us as intimately acquainted
with the ocean-currents as with the systems of
rivers, with the range of cold currents and tongues
of water in the southern seas and conversely, and
has marked the different depths of the ocean
currents, and given us charts of the bottom of
the sea, with maps showing its elevations and
depressions—it would seem that, with an account
of the animals in the sea, the possibilities and
causes of their occurrence would likewise be ex-
hausted.

The state of the matter is very different as

regards the distribution of animals on land, in

! Wallace, The Geographical Distribution of Animals.
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lakes and rivers. Of a large number of inland
lakes we know that it is only within a period
scarcely separable from the present that they have
become detached from the sea. A large portion of
the inhabitants of these lakes 1s accounted for by
this very fact. In regard to the rivers we have
here specially to consider fishes and mussels. Now
it is well known that a number of fishes—for
instance, the salmon, smelt, eel, and certain kinds
of plaice—spend their life partly in fresh and parlly
in salt water, according to the season of the year,
for the sake of propagation ; and further, that they

can be transferred from the one to the other kind

of water without injury. Hence we may assume,

in the case of all purely fresh-water fishes and

mussels, that their progenitors could also at one
time live in either kind of water : we have thus a
perfectly satisfactory explanation of the oceurrence
of the same genera, partly also of the same species,
in rivers situated very far apart. Examples of
this kind in the group of mammals are not fre-

quent, but instruetive. The sea-cow, discovered

- — —

by Vogel in the Benue, is the only species of the
order of the Sirenia which, it would seem, has
never attained a fuller development, and—to use

an expression of Riitimeyer’s—has completely taken

e — i p—— . r— e
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leave of the sea. On the other hand, the American
lamantin is still undergoing the transition, and
feels as comfortable in the sea as it does in the
lowest currents of large streams. The dugong of
Eastern Africa has, however, remained perfectly
faithful to its old, habitual element. . An interest-
ing example of the oceurrence of a mammal in an
inland lake is the dog-fish of the Caspian Sea. It
was, in fact, simply left there. That this large
sheet of water was at one time connected with the
sea 1s a long since established fact.

By this remark, and a return to the geological
past (even though it be to a most recent past), we
have again entered the only path which leads to
the understanding of all the geographical configu-
rations of the present, more particularly to the
distribution of the organisms, and above all to that
of the land animals. The difficulty of meeting
with closely related species, orders, and larger
groups, in regions lying far apart and separated
by high chains of mountains or impassable oceans,
has, sinece Buffon’s days, been quietly settled with
the word ¢ vicariate,” which proves anything but a
true understanding of the matter. When 1t 1s said

that the Marsupials ¢ vicariate’ in Australia for the

other groups distributed on the other continents,

a2
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this expression denotes nothing but the bare fact,
nothing but the mere statement, that in America
we do not meet with the camel but with the llama,
which in a few main characteristics shows some
affinity with it. The one ‘vicariates’ for the
other. Why? we ask. What is the meaning of
such ¢ vicariating'? We get no answer.

Now, in raising the study of zoology from the
stage of a mere descriptive method to the height
of a true science, we demand an explanation of
connections and agreements. Every endeavour
to comprehend the animal world, from a scientific
point of view, makes modern geology the basis of
its operations, and its testimony—which is of fifty
years' standing—is that the present condition
of the earth’s surface, the distribution of land and
water, has proceeded from the most gradual and
primeval processes, except in cases of purely
locally interrupted transformations. Scientific
study must, secondly, accept the phenomenon of
the power of adaptability in organisms, that ver-
satility of the organs with which plants and
animals meet the variability of their external
circumstances, and adapt themselves to changes
that are taking place, by habit and by the gradual

changes of their own bodies which are connected

——
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with it. Whoever believes in the unity of the
human race must be a decided advocate of this
variability, even though it be but in the erude
notion of regarding the negroes as sun-burnt
white men, and the latter as bleached black men.
Those, however, who feel convinced of the contrary
maintain the variability to be the result of the un-
doubted mixing of the races and species.

If we look upon the dog as having been ereated,
then the assumption of an extraordinary capacity
of adaptation is unavoidable, but it 1s equally so
to those who see in the domestic dog a number
of different species of tamed jackals.

THE PHENOMENA OF CONVERGENCE.

Even Goethe early recognised the fact that ex-
ternal influences—*¢ the four elements’—to which
the animal has to submit and to adapt ifself for
the necessity of self-preservation, change the form
and mode of life to so great an extent that re-
semblances have been produced between creatures
wholly different at first. But Goethe did not give
unequivocal expression to this thought till d’Alton
had very clearly emphasised the transformation
and development of organisms, as the result of
¢ elementary conditions.” A number of Goethe's
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remarks, which are continually being quoted since
Haeckel's enthusiastic advocacy of Goethe as the
precursor of Darwin, are mere transeriptions of
passages from d’Alton.! The phenomenon that
different animals, very divergent in their strue-
ture, and hence not related to one another, can,
when placed in the same circumstances, develop
certain similarities, did not escape his thoughtful
mind. He writes: ‘The Rodents in form show
affinity with various orders; the rat resembles
the beast of prey; and the hare in its mode
of life and food, even in form and characteristics,
resembles the Ruminants.” This sentence Goethe

' Goethe's poem, the Metamorphosis of Animals, where we
find the lines—

Hence, each form conditions the life and acts of the creature,
And each fashion of life, with reflex forcible action,
Works on the form ;

Also bestimmt die Gestalt die Lebensweise des Thieres,
Und die Weise des Lebens, sie wirkt auf alle Gestalten
Miichtig zuriick—

belongs to the year 1819, D’Alton, in his work on the Skeletons
of the Rodents in 1823, says: ‘ Thus it ean no longer appear
doubtful that the tendency of development in the organism is as
dependent upon outward eireumstances, as the mode of life of
animals is determined by their organisation.’ This thought,
like others, is reproduced by Goethe when discussing this
classical work in 1824, 1In this ¢intellectual discourse * he may
have found to his great satisfaction what he had himself long
since perceived and pondered over,
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transcribes in his own way with a seemingly unim-
portant alteration, which, however, changes the
matter itself essentially. He says: ¢ However much
the form of the Rodent may vary to and fro,
apparently knowing no boundary, still in the end
it is found confined within the general animal
type, and must approximate either the one or the
other group of animals; and thus it inclines both
to the beasts of prey as well as to Ruminants, to
apes as well as to bats, and even to other inter-
mediate groups.’

These similarities and parallelisms did not
receive much attention until Darwin’s day. Darwin
himself speaks of convergence only casually, and by
way of pointing out the great improbability of its
oceurrence as the cause of agreements in organisms
not related by blood. But for the last ten years
or more, zoologists have so often been forced to
account for the existence of similarities and agree-
ments—not as inherited peculiarities of race, but
qs transformations and assimilations, the result of

outward circumstances upon the same or similar

original forms—that this agency must be taken
- to eonsideration, and will be specially necessary
in our present inquiry, for it seems to have played
no small part in the group of the Mammalia. A
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few remarks upon the origin of the idea of con-
vergence will, therefore, not be out of place.

As soon as the idea has been grasped that
mechanism governs an organism with the same
regularity as it does an inorganic body, the ques-
tion must naturally arise how far the living sub-

stratum can be influenced by outward ecircum-

stances, and how far the same results—independent
of one another—may be attained under the same
and similar conditions. The genius of Diderot
comprehended the problem in its widest applic-
ability. In a conversation with d’Alembert in 1769,
he makes the latter start the supposition that
after the destruction of all life by the extinction of
the sun, a repetition of the development of the
plants and animals that formerly existed would
recommence with the rekindling of the heavenly
body which diffuses force and life. For, he adds,
nothing else is conceivable but that the causes,
once again set in motion, should produce the same
effects as they had already done. According to the
Limn@an and Cuvier’s interpretation of species,
this idea could scarcely expect to find acceptance,
and it is self-evident that any agreement was made
to rest upon the same origin of the individuals of
the species, and further upon the same fundamental

C
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form, that is, upon the inexplicable sovereignty of
the idea of type. Even though parallel groups—
such as the repetition of different orders of the
Mammalia within the group of Marsupials, the
repetition of the habitus of the Rodents in the
Insectivora—were observed and discussed, still the
contented zoologist did no more than enter these
observations into his book; and remarks such as
those made by Goethe and d’Alton remained with-
out result. What position Darwin took as regards
the idea of convergence, has already been stated.
His school, too, endeavoured at first to account for
the homologies exclusively by inheritance, and, on
the other hand, regarded the effects of adaptation
almost wholly as differentiation. ~ Even that
extremely interesting adaptation as a means
of defence—mimicry—and, moreover, the ease
where the species in danger finds immunity and
protection in feigning a resemblance with the
species not endangered, did not lead to any
generalisation of the inquiry. Still, some striking
phenomena of convergence were observed, and
others that had long since been known, but not
carefully considered, were inquired into more

particularly.  Among these 1s Fritz Muller’'s

admirable analysis of the arrangements by which
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the land erabs of the most different families eon-
verge in their mode of life and physiology of
breathing. The transition from life in water to
life on land has commenced in the one and the
other species, here and there, and they meet in the
most different stages of capacity for life on land ;
no form is so far changed that its relation to some
definite family is not unquestionably evident. The
transition from a life in water to one on land has
transformed both feet and gills, but has not gone so
far as to show agreement or apparent homology.
In this case of convergence the mode of life has
remained the same as that in which the Rodents
resemble the Insectivora and the Cetacea the
Sirenia. They were judged differently without
prineiple or consistency. The agreements in the
Insectivora and the Rodents had always been
considered as accidental and purely external,
whereas the Cetacea and Sirenia were classed
together in one order as close relatives.

We must here mention an attempt made by
Kolliker,! an eminent German scientific man, to

! Kolliker's Aleyonarien in the A blandiungen der Senclhen-
bergischen naturforschenden Gesellschaft, vii., viii. Published
separately under the title of Morphologie und Entwickelungs-
geschichte des Pennatulidenstammes nebst allgemeinen Betrach-
tungen zur Descendenzichre. Frankfurt a.M., 1872,
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prove the theory of descent as improbable and un-
necessary, by assuming in its place a general law
of development by which the different species origi-
nated side by side without blood-relationship. His
fundamental idea, as he himself says, is that with
the first origin of organic matter and of organisms
a plan of development was also given, a whole
series of possibilities (by whom ? we ask), but that
various outward influences acted determinatively
upon individual development and produced a dis-
tinet character. That organic nature is the result
of some grand plan of development and of universal
laws, and that the explanation of the processes of
development is nothing more than that they take
place according to internal causes, according to
laws by which the organisms are most distinetly
forced to an ever higher form of development. In
like manner eggs and germ cells are said to pass

‘nto new forms from internal causes: indepen-

dent, living, youthful forms are said to begmn a
development different to the typical one, while out-
ward influences affect the process in various modi-
fying ways, and transformations ensue which,
although contained in the general plan, did not all
necessarily need to be fulfilled. Every different

«pecies is said to have originated in this way by it-

e
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self : further, that it would even seem probable that
one and the same species appeared in different pedi-
grees ; for, owing to the unavoidable assumption of
universal laws of formation, it cannot be denied
that the same primary forms might, under certain
conditions, be able to lead to the same final form.
Where individual species have been found in places
widely separated, Kolliker even considers it more
appropriate to assume an independent origin for
them.

In the remarks just quoted there is clearly a
question about development, even of a plan of
development, but there is no mention whatever as
to how we are to conceive those laws and effects
which have produced the numerous branches of the
animal kingdom ; for what are these internal causes
which so distinetly force things towards an ever
higher form of development? Nothing is to be
gained from this idea, which scarcely deserves
the name of an hypothesis. It is a complete re-
habilitation of dualism and teleology. Kolliker's
supposition does certainly touch upon our present
views of convergence, but it goes no further ; for,
in the first place, it takes for granted the existence

of some plan which cannot be aceurately defined.,

a tendency—i.c. a purpose ; and, secondly, it does
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not consider the difficulties arising from the endless
recurrence of the agreement of thousands of ecir-
cumstanees which are necessary for the production
of a definite organism, but declares this highly
improbable combination to be a law. That a sea-
feather of the southern ocean should ¢originate’
spontaneously without ancestors, and be precisely
like an individual in the northern ocean, which
owes its existence to the same unknown processes
without ancestors, shows such a degree of improba-
bility that it amounts to an impossibility. 1t is,1n
fact, as improbable as that Adam originated out of
a clod of earth. The prophecy that the whole
edifice of the Darwinians would collapse, while the
theory of a universal law of development (which
assumes a number of independent pedigrees as its
basis) would rise up triumphantly instead, has not
yet been fulfilled.

However, convergencies and repetitions have
been observed in abundance sinece then. In my
work on the Sponges, I have adduced gpecial proofs
of how a series of convergencies—the formation of
water-channels, form and disposition of mieroscopie
bits of skeleton and entire skeletons, root-like off-

shoots, tensions and other formations—which are

defensive arrangements against the mtrusion of
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foreign bodies, in short, characteristies which would
seem to justify the conclusion of relationship, are
merely the result of mechanical contrivances, of
the effects of outward circumstances upon hetero-
geneous organisms.

That outward circumstances have co-operated
helpfully and determinatively in the development
of symmetrical animal forms, eannot be doubted
by any except those who cling to their belief in the
type theory. It follows from this that, to a certain
extent, all organs appearing in pairs owe their
origin to convergence. We should further have to
weigh those circumstances where, in nearly related
organisms, the same organs vary on one side ; this,
for instance, oceurs frequently in the pincers of the
Crustacea. It is only when starting from conver-
gencies of this kind—which may be called homeeo-
genetic, and, according to general supposition, are,
as 1t were, self-evident—that we ecan pass on to
those phenomena to which the idea of approxima-
tion is specially applied in our day, the heteroge-
netic cases of convergence. A shell-less tropical
snail, Onchidium, has eyes on the numerous wart-

shaped protuberances on its back. Semper! makes

! Semper, Ueber Sehorgane vom Typus der Wirbelthizraugen
auf den Riicken von Schnecken. Wiesbaden, 1877,
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it appear extremely probable that these eyes—of
different species and individuals—originated inde-
pendently of one another. By connecting this
development with the general characteristics of the
cells of the upper skin and of the protoplasm, he
shows that this repeated formation of eyes must be
regarded as arising from a simple foundation. This
is one form of convergence, repetition in the indivi-
dual. The other is contained in the fact that the
eye of the onchidium shows an advance towards
the eye of the vertebrate, inasmuch as its structure
and the retina differ essentially from the eye of the
other molluses.

A few years ago a great fuss was made about a
case of convergence which scarcely deserved this
name, and when inquired into dwindled down to
certain superficial resemblances, such as have been
observed times without number since we have had
descriptions of natural objects. I refer to the re-
semblance of certain primeval reptiles to mammals,
the so-called Theriodonta. The case was this.! In
the Trias formation of the southern extremity of
Afriea there were found, in addition to the colossal
plant-eating reptiles of the group Dinosauria, a

series of other animals, hitherto unknown, which,

' Owen, Fossil Reptilia of South Africa. London, 1876.
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upon the very first examination of the teeth, proved
to be flesh-eaters. Now the teeth of the modern
flesh-eaters are characterised by being definitely
separated, and by the peculiar formation of the
incisors, the canines, and the molars. The canines
above and below and on either side of the jaw are
powerful weapons, and admirable instruments for
tearing off flesh and for the gnawing and the
breaking up of bones. They separate the incisors
from the molars in a distinetive manner.

In the case of the above-mentioned South
African reptiles also, the teeth, which from their
position we know to have been incisors, are sepa-
‘ated from the molars by a large canine tooth. The
lower one rises in front of the upper one, yet when
the mouth is closed it lies close to the inside of the
upper jaw. The molars are certainly small and
cone-shaped ; however, when drawing a comparison
we can recall similar instances of this in seals.
Owen, to whom we owe the description of these, in
any case, very remarkable animals, also draws
attention to the formation of the upper part of the
arm, which, apart from the difference in the form-
ation of the extremity of the upper joint, shows an

approximation to the cat-type in the construction

of the extremity of the lower joint, for the ulna,
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and the second bone of the lower arm—the radius.
Owen accordingly makes the names of the new
genera remind us of the dog, wolf, tiger, &e.,
Cynodracon, Lycosaurus, Tigrisuchus. He then
speaks of the importance of the discovery and says:
¢If the cap in the series of animals between the
Mesozoic and Psychozoie air-breathers had not been
filled up otherwise than by reptiles, the remnant of
that eclass which has survived and reached our
times would have testified to the total loss of such
aains of organisation as had enriched the ancestors
and predecessors of modern tortoises, lizards, and
crocodiles,

¢We know now that not one of these gains has
been lost, but has been handed on, continued and
advanced through a higher type of vertebrates, of
which type we trace the dawn back to the period
when reptiles were at their best—grandest in bulk,
most numerous in individuals, most varied in spe-
cies, best endowed with kinds and powers of loco-
motion, and with the instruments for obtaining
and dealing with both animal and vegetable food.

 Has the transference of structures, it may be
asked, from the reptilian to the mammalian type
been a seeming one, delusive, due to accidental

coincidence in animal species independently and
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thaumatogenously created ? Or was the transfer-
ence real, consequent on nomogeny, or the incoming
of species by secondary law, the mode and way of
operation of which we have still to learn ? Certain
1t 1s that the lost reptilian structures specified, are
now manifested by quadrupeds with a higher con-
dition of cerebral, circulatory, respiratory, and legu-
mentary systems—a condition the aequisition of
which is unintelligible to the writer on either the
Lamarkian or the Darwinian hypothesis.’

It 1s unintelligible to us also, for we do not
in the slightest degree imagine that those coinci-
dences, which are neither great nor astonishing,
have to be understood by means of Darwin’s hypo-
thesis. There is, in fact, no question whatever
about transferred conditions of organisation, for the
coincidence is confined to mere adaptations, and,
in part, very superficial ones : adaptations which,
in some cases, are ‘intelligible* without any diffi-
culty. With the help of our present prototypes
and the above fossil material, we can imagine all
kinds of substitutes for our wolves and the other
beasts of prey. It is extremely probable that many
of the earlier, and to us unknown mammals, in-
herited a uniform set of teeth (perhaps somewhat
like the dolphin’s) direct from their ancestors of
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the amphibian or reptile species. Now the fact
that direct descendants of reptiles, with a uniform
set of teeth, should acquire distinctive corner teeth
(canines) in consequence of their tearing their vie-
tims, as is the habit of beasts of prey, and that
certain mammals have acquired these teeth also,
owing to their having taken to flesh-eating, is a
convergence that can be most satisfactorily ex-
plained as the result of the same activity upon
similar or the same developments in the earlier
forms of teeth. It is, as we have already said,
a case of convergence of the most superficial kind.
Among living reptiles—in the Hatteria, Uromastic
spinipes, and also a species of agama—we meet
with advances towards the dentition of the Car-
nivora. But even when the canine is followed at
first by small pointed teeth, and then by broader
ones, there is nothing, either here or in the case of
the fossil African reptiles, that can be pointed out
as ‘ peculiar molars with broad crowns’ (Wieders-
heim).

It is self-evident that given a like beginning
and like circumstances, we will more readily meet
with similar and the same phenomena than where

there was inequality to start with. In other

words homaogenetic convergencies occur most {re-
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quently. The Linnman conception of things, to-
gether with the idea of type, and finally the more
recent idea of homology as agreement by reason
of derivation, have, however, been the cause that
approximations in general, especially within the
given ‘ natural group,” were more or less neglected,
or, at least, that merely surmised homologies—
such as the breathing apparatus of the lung-snails
—turned out to be convergencies. Within the
group of mammals we meet with a very evident
series of convergencies which have already been
spoken of above. Still, all circumstances con-
sidered, convergence can explain only the smallest
portion of the phenomena. That the Marsupials
should show agreements with certain orders of the
higher mammals is, at least, in part approxima-
tion. That they form an unity among one another
1s another thing. Why are cats and dogs classed
together as beasts of prey ? Why are pigs, oxen,
and deer classed as hoofed-animals 9 In short,
setting aside the above instances, in the other cases
of agreement convergence is improbable & prior,
and the explanation of all the other, the main por-
tion, must be looked for in the doctrine of descent,
It contains the greater amount of probability, g
probability which often borders upon certainty.
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And hence every class of the Mammalia of the
present day can be understood only from its con-
nection with its geological ancestors. But are we,
by admitting true agreement in organisms and their
parts, and by only allowing what is inherited to be
real homologies, are we entering a domain wholly
distinet from that of convergence? On the con-
trary. Inheritance is only a case of repetition
under the same conditions, a case of universal
law. The whole Darwinian principle of selection
and progress finds its application also in the
generalisation of the doctrine of repetitions.

THE DISTINCTIVE CHARACTERISTICS OF THE
MAMMALIA.

The earlier zoologists, with Linngus, classed
together as one species all those individuals © that
acree in essential points and have been descended
unchanged from the same ancestors.” The later
zoologists replace this supposed straight lime of
descent, which involves the miracle of creation
and also the future invariability of organisms, by
including the agency of variability dependent upon
time and circumstances. As long as animal beings
of a supposed or proved common descent agree in
form and structure, we leave them together as one

——_
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species : the idea is one of most uncertain limit,
and differs according to the views of each investi-
gator. We know of many species of such stability
that the earlier definition would seem to find its
application in their case; but there are others
again whose variability, indefiniteness, and inde-
finability have baffled all attempts at a more
accurate limitation.

Species of this kind, consisting of a mere suc-
cession of forms, are now met with principally
among the lower orders of animals; for instance,
the Sponges consist almost entirely of such a
succession of forms which seem to merge one into
the other. The Mammalia, on the other hand,
have in the course of the later geological periods
settled down more quietly. The days when they
were undoubtedly much more varied in form than
now, and—like the lower orders—developed almost
entirely into varieties, are passed. In the grand
sifting process of thousands of years, numerous
forms have dropped off and vanished, and the
majority of the mammals of the present day might
lead one to assume the stability of species.

The Mammals of to-day are sharply separated
from the other vertebrates by a series of pecu-
liarities in structure and development. Fven the
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entirely changed mode of life of the Cetacea has
not obscured, or only superficially obscured, these
characteristics ; for even the loss of the hind limbs
is of subordinate importance compared with other
significant peculiarities of the class, and moreover
the loss of limbs is met with in other classes, and
only shows to what extent the members of one
group may diverge.

We will mention one characteristic in the
skeleton which distinguishes the whole group of
existing mammals from all other vertebrates : their
lower jaw is directly attached to the skull, and
not by means of the so-called ¢quadrate bone.
This bone is met with from the fish to the bird,
mostly as one of considerable size. Indications
of it occur also among mammals. The substance,
however, does not harden into bone and become
the stalk of the lower jaw so easily recognised
in the heads of birds, but is employed in forming
one of the small bones of the ear. Further, in all
of the Mammalia the chest and abdomen are sepa-
rated by the diaphragm or midriff, a muscle which
is exceedingly important for the mechanism of
breathing. All the Mammalia have lacteal glands,

and in the case of most mammals the feetus 1s

attached to the mother by a placenta, so that the
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nutrition and growth of the embryo do not require
to be restricted to the comparatively small amount
of yolk in the egg, but, as a rule, are derived
directly from the blood of the mother.

We know of the ¢ quadrate bone '—which in the
Mammalia has to a certain extent become dig-
placed and slipped into the skull—from the Fishes ;
we see the beginnings of a diaphragm in the
Amphibians ; we find various kinds of skin-glands
(to which the lacteal glands belong) in all of the
Vertebrates ; there is but one step from the distri-
bution of the embryonal blood-vessels on the so-
called allantois of reptiles and birds, up to the
formation of the placenta : these characteristics of
the Mammalia are all prepared or begun in the
lower classes of animals. But the placenta came
into existence only with the actual mammals, and is
an acquisition towards a higher degree of progress.
But although these characteristics are obviously
inheritances—apart from the last-named arrange-
ment, which was acquired only subsequently—still
we are absolutely without any transition forms. It
can only be said that the Mammalia must have de-
veloped from one stock, where the characteristies
of the present Amphibians (for instance, the two
oceipital condyles at the back of the head) were

D
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allied with those of the present reptiles (e.g. the
allantois). The earliest traces of mammals from
the Triassic rocks lead us to suppose a long series
of predecessors, and direct our thoughts to further
unfathomed depths of the earth’s development.

It is a different matter as regards those charac-
teristics which the systematic zoologist malkes use
of, first of all in distinguishing the subdivisions of
the group, the differences of the instruments of
locomotion, more especially of the outer limbs,
hands and feet, and also of the dentition. The
function of propagation exercises universally a
more subordinate influence upon the outward
appearance and the general habitus of the animal,
than does nutrition. The manner in which its
food is acquired gives the organism its pecubar
stamp, apart from the outer covering that acts as
a i}fﬂtectiun against its enemies and climatic
changes, and varies accordingly ; and this stamp
is expressed chiefly in the formation of the limbs
and the dentition of the mammal. Cuvier's words,
¢ Give me a tooth, and from it I will build up the
whole animal, are to be taken seriously; they
may be applied to almost every other individual
part of the skeleton, and above all to the extremi-
ties of the limbs. The last portion of a finger will
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often suffice fo determine the order. A whole toe
will give a complete idea of the mode of life and of
the appearance of the primeval or still living
animal. In order, therefore, to obtain an insight
into the relationship and social position of a
mammal form, we must first of all become ac-
quainted with the foot of the vertebrate in its
simplest accessible form, and then examine the
different variations of the mammal foot under the
supposition of direct transformation. This study
was undertaken for the first time with perspicuity
and success by Gegenbauer ; and thus later modifi-
cations—which became specially necessary, owing
to the primeval form of fin of the Australian
Ceratodus—could perfectly well be explained in
connection with Gegenbauer’s conelusions both by
himself and others.

The simplest form of hand and foot is met with
in the four-fingered and five-toed Amphibians and
various reptiles, e.g. the tortoises. Among the former
the rudiments of a sixth, sometimeseven of aseventh,
toe are met with ; but with the exception of these
few indications, and the sixth finger of some
amphibian-like primeval animals, there are no
fossils relating to the early history of hand and
foot, or their transformation from the fish’s fin.

D 2
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On the other hand, the five-toed limb extends from

the salamander to man. Together with this we

Fis. 1.—Right hand of a river tortoise.
Nat. size.

illustrate the fundamental form,

have the most
various kinds of
disappearances
and coalescings
till we reach the
one-toed foot of
the horse, and
find, in faect,
that a diminu-
tion in the num-
ber of fingers
and toes takes
place ; never do
we meet with
a  restoration
after the de-
crease, and
never with an
addition to the
number of toes.

In order to

which we shall

follow in its most varied and interesting changes,

let us take the right hand of a fresh-water tortoise
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(Chelys fimbriata) in its conneection with the lower
arm (fig. 1). The two hollow bones of the fore-
arm running parallel with each other are the
radius (s) on the thumb-side, and the ulna
(8). Then comes the root of the hand, consisting
of nine separate little bones, to know which in
detail is part and parcel of the A B C of the study
of the Mammalia. The first, » (radiale), lies close
to the radius, a second, u (ulnare), stands in the
same relation to the ulna. Between the two is a
connecting bit ¢ (intermedium), and in the eurve
formed by the three is the little central bone ¢
(centrale). The five other parts of the root of the
hand, 1, 2, 8, 4, 5 (carpalia), belong each to one of
the fingers, or rather to the five parts belonging to
the middle hand (metacarpus), 1, 1, 11, 1V, v, before
the actual fingers. The foot with the shank shows
precisely the same construction in number and
position of the parts.! There would be no need
to give these names in the example chosen, had not

the inquiry and naming proceeded from the anatomy

Hanid Foot
! Radius, Spoke Tibia, Shinbone
Ulna, Ell Perone, Fibula

Carpus, Root of the hand Tarsus, Root of the foot

Metacarpus, Middle of Metatarsus, Middle of the
the hand Foot

Digits, Fingers Toes.



a8 THE MAMMALIA.

of the human subject, where the contrast between
hand and foot has advanced in a very striking
manner. Our foot has remained an organ of sup-
port, our hand has become the organ for grasping.
The fibula, which corresponds to the ulna, 1s
redueced, the tibia is the principal bone. The parts
of the fore limb called the radiale and intermedium
(r, i) have generally coalesced into the spring-
bone (astragalus), and the bone of the root of the
foot attached to the fibula—the ulnare of the hand
— becomes the heel-bone (calcaneus), and is distin-
guished by a strongly-developed continuation at
the back; the centrale exists as the skifi-bone
(naviculare). The first three bones of the middle
foot are called the wedge-shaped bones (1, 2, 3,
cuneiforme), the fourth and fifth bones of the
middle foot have united and form the cube-bone
(cuboideum).

In accordance with this scheme we shall find
that the different mammals show a similar contrast
in hand and foot—less in the fingers and toes
than in the roots of the hand and foot. It will be
our endeavour to bring this subject prominently
forward in the course of our discussion.

It will also be shown that the dentition stands
in as close a relation with the whole organisation
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as regards form as well as the mode of life. The
study of the teeth has acquired an entirely new
interest since Gegenbauer has proved that the teeth
of sharks and rays are perfectly identical with the
scale and plate formations of their outer skin ; and
thus in the case of these fishes we can at once
see the transition of the outer body-skin into the
mucous membrane of the mouth-cavity, also the
direct transition of the hard formation of the skin
mto movable teeth. Oscar Hertwig has given us
a supplement to and a further application of these
fundamental inquiries. Accordingly, teeth have
originated from skin developments having been
used for the purpose of seizing and erushing food.
In the higher vertebrates we are no longer reminded
of this first origin of the teeth. We there find
the adaptation to the new activity completed,
the organ has long sinee come to stand in a closer
relation to the skeleton as a whole. In the case of
every mammal the tooth, in its development, can be
traced to have proceeded from the membranous
covering of the mouth. And while the capacious
mouth and gullet of fishes has been able in almost
every case to cover itself with teeth, the Amphibians
and Reptiles show a reduction in the number of
teeth and of the bony supports, and finally in the
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mammals we find only the actual jaw-bones fur-
nished with teeth.

By this a concentration of the tooth-material
has been aceomplished, and connected with it we find
that concentration of force by which the mammal
more readily and surely overpowers its living prey,
and prepaves it for use in the intestines, by mastica-
tion. In the dentition of the mammal we have not
a retrogression but an advance in the organisation,
and a further diminution in two directions may be
expected. What has taken place with numerous
fishes has also happened in the case of some
of the Mammalia : under certain conditions of
nutrition teeth have become useless and have dis-
appeared ; and, secondly, the fuller number of
teeth of the geologically older species has given
place to a dentition less numerous but more
specialised in form and action, and therefore more
advantageous. As an instance of the one direction,
we may take the jaw of a Ruminant, which shows
a want of the upper incisors; of the other direction
the jaw of the Cat species.

In order to understand the manifold forms of
teeth, we must have some knowledge of the develop-
ment of the various substances that form the tooth,
the origin of the hard bright enamel (ebur), of the
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tooth-bone (dentine), which constitutes the principal
portion of the tooth, and of the somewhat softer
cement (cementum), which serves in various ways
as material for covering and filling. A general
account will suffice for our purpose. The mem-
branous covering of the mouth-cavity—like that
of the outer skin—consists of two layers, the epi-
thelium (the upper skin), formed of several layers
of cells, and the membrane of the cutis (leather
skin), consisting partly of cells and partly of fibres.
The first sign of a tooth is a knotty protuberance
of the cells of the epithelium rising into the cutis.
Again, into this protuberance upwards there rises
from the cutis a cone-shaped elevation, upon which
there then appears the first formation in the shape
of a cap; this is the enamel-germ or the enamel-
membrane which produces the enamel. The other
portion belonging to the cutis—i.e. the membranous
tissue of cells which rises up into the epithelium
and 1s termed the dentine-germ— becomes ealeinated
into tooth-bone. But, in addition, the mem-
branous tissue of cells directly connected with the
dentine-germ produces—in various measures and
extent—the fewer-celled and softer cement round
about all the immediate surroundings of the tooth.!

' Baume, Odontologische Forschungen, 1. Th, ; published also
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The first indications of teeth are met with at
a very early stage of the embryo in the gums that
are still in the process of forming, and these be-
ginnings of teeth are then gradually enclosed by
the gums. In man and most of the other Mam-
malia during the first years of life we do not find
the whole set of teeth of their later years, of their
mature age, nor indeed any such teeth as are to
serve them throughout life; there i1s at first a
temporary set of teeth, the so-called millk teeth.
These teeth are very like those that replace them
subsequently, the permanent teeth, but are smaller
and weaker. It was an extremely interesting and
important discovery when Riitimeyer proved in
detail that the milk teeth of many of the Mammalia
show a greater agreement with their historical—i.e.
their geological ancestors—than do the permanent
teeth. As a rule, for instance, in man the first
set of inecisors, canine teeth, and front cheek-
teeth are replaced by a second set, and thus con-
stitute the milk teeth. The teeth which replace the
milk cheek-teeth are called premolars, and these

under the title of Versuch einer Entwickelungsgeschichte des
Gebisses (Leipzig, 1882). This work may be recommended as an
excellent one on the subject and full of suggestive thoughts,
even though we may, at timeg, feel disposed to dispute some of
the views put forward.

e S
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are accompanied by the other back cheek-teeth, the
molars. But apart from the fact that in several
groups of mammals—the whales and armadilloes—
milk teeth do not occur at all (Owen’s Monophy-
odonta), there are among those which do show a
change of teeth (Diphyodonta), so many deviations
and exceptions to the rule that, as Baume has
proved, the prevailing idea of change of teeth as
a succession of two distinetly different sets, ean
scarcely hold good. The origin of the so-called
milk teeth can be traced back to the fact that with
the shortening of the facial portion of the skull,
the place for the incoming of the tooth-germ
naturally became smaller as well, and the germs,
in place of lying side by side, came to lie one above
the other. Hence those placed uppermost had to
be used first, before the lower ones had developed
and could uproot and finally expel their prede-
cessors by pressure. The weakening of an indi-
vidual milk tooth or of the whole set of milk teeth
will, accordingly, in general be a question of time,
and depend upon the delay in the development of
their successors. The milk teeth are at a disad-
vantage, owing to the inevitably hostile position
which their successors must sooner or later assume
towards them ; and they have to face a certain
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defeat, even though, in most cases, this takes place
with the utmost slowness. Instances of the loss of
milk teeth are met with among the Marsupials and
seals. The whole phenomenon belongs to the
chapter of ‘abbreviated development.” It was our
intention here merely to point out this view of the
subject, in order to make use, in what follows,
of the designations given to different parts of the
jaw, according to position and time, since Cuvier’s
and Owen’s classical investigations.’

Let me here repeat that the specialisation of
the dentition frequently runs parallel with a speciali-
sation of the limbs. Thus, in comparison with 1ts
aeological ancestors, the dentition of the horse is
very specialised, and this is equally evident as
regards its foot, the transformation of which, from
g five-toed member—not specially smited either for
running, grasping, or climbing—into a one-hoofed
member, so admirably adapted for running, has

' Ezample.—In man the milk teeth, the denfes decidut, con-
sist of the cutting teeth (incisors), the canine or eye teeth, and
the two front cheek-teeth. In addition to these there are the
three back cheek-teeth that have no predecessors. The teeth of the
full-grown man are indicated thus:—ifcip3mi, i.e. on either
side above and below two incisors, one eanine, two premolars
and three molars. Although Cuvier of course knew the dents
de lait and the dents de remplacement, still Owen was the first
rigorously to earry out the designation.
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been accomplished step by step. Thus we very
often, and justly, hear of generalised and specialised
animal forms, which show their characteristic and
contrasting peculiarities chiefly in those organs, the
extremities and the dentition. These differences
were perceived even by the earlier observers, and
were compared with the embryonal conditions, with
the development from the general state of the early
indications through all the details of the ripening
offspring. The significance of this point must be
borne in mind when we term the geological and
earlier forms as general and embryonal forms, and
the later ones as the specialised forms.

THE EXTENSION OF PALEONTOLOGICAL SCIENCE
SINCE CUVIER.

The fact that the theory of descent appears less
prominent during the first half of our century, and
is 80 frequently and justly connected with Cuvier's
opposition to i, makes it necessary for us to allude
to his position in regard to this areat question.
Cuvier’s almost autodidactic manner of working
and viewing things comprised, as is well known,
the whole animal kingdom, with the exception of
some groups of microscopic and other lower ani-
mals. But he was a specialist, above all things, in
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the osteology of the living and fossil Mammalia,
and thus stands as the founder of paleontology and
its comparative method. It was no small advan-
tage to Cuvier that in his immediate neighbourhood
were to be found deposits of the Paris Focene, lime
and gypsum, containing the remains of the earliest
forms of mammals. Tt is astonishing what he accom-
plished in his ¢ Recherches sur les ossements fossiles,’
where his prineiple of correlation is so brilliantly
proved. The imperfectly observed geological faets
and the imperfect discoveries led him, nevertheless,
to the convietion that from time to time sudden con-
vulsions, catastrophes, had transformed the earth’s
erust, and destroyed the living creatures, either
completely or with the exception of a small re-
mainder ; he further thought that those which sur-
vived were obliged often to seek a new home far
from their original abodes. The question as to
whenee came the new inhabitants of the succeeding
peaceful period, after each of the great murderous
catastrophes, Cuvier settles in a somewhat cursory
manner. ‘I do not maintain that a new creation
was required to produce the present species; I say
only that they did not live in the same regions, an d
that they must have come from elsewhere.”! This

! The quotation is from Cuvier's book referred to above—his
Recherches sur les ossements fossiles (1821).
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vagueness remains in spite of his admitting the
fact that at one time life began on earth. For,
according to Cuvier, the varieties that are depen-
dent upon time, climate and domestication, remain
within a given boundary, while the species show
certain characteristics which resist every kind of
influence, and are as little affected by time as by
climate and domestication. Henece he directly
opposes Lamarck's theory of descent, i.e. that the
fossil forms are the ancestors of those of the present
day. His main argument is the want of fossil
intermediate forms, *for,” he adds, ‘if the species
had changed gradually, we should find traces of
these gradual transformations ; we should find some
transition-forms between the Paleotherium and the
species of the present day, and these have mean-
while not been met with.’

Cuvier therefore did not, as many have sup-
posed, hold fast to the belief in a supernatural ere-
ation from any preconceived opinion ; he was more
disposed to leave the problem as to the origin of
animal forms in uncertainty, as facts did not seem
to admit, meanwhile, of any safe conclusion. Tt ig
therefore very mtelligible that one of Cuvier's last
and still living pupils—the eminent paleontologist
and zoologist, Richard Owen—should straightway
have accepted the theory of natural descent (under
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a special Divine direction, it is true), after having
satisfied himself personally as to the existence of
intermediate forms between the Paleotherium and
Horse. Cuvier, his teacher, had, however, not
the desired knowledge of these forms.!

Sinee Cuvier's day, d.e. within the last ﬁftj"
years, and more especially within the last twenty
and twenty-five years, our paleontological know-
ledge as a whole, and particularly as regards the
Mammalia, has been so immensely extended, that

1 Owen, in his Anatomy of Vertebrates, General Conclusions,
says: *With this additional knowledge, the guestion whether
actual races may not be modifications of those ancient races
which are exemplified by fossil remains, presents itself under
very different conditions from those under which it passed before
the minds of Cuvier and the Academicians of 1830. If the
alternative— speeies by miracle or by law—be applied to palao-
therium, paloplotherium, hipparion, equus, I accept the latter
without misgiving, and recognise such law as continuously opera-
tive throughout tertiary time.” By law (natural law or secondary
cause), however, we understand nothing but a regular and re-
curring phenomenon where the acting cause is not touched upon.
This, according to Owen, is the Will of the Creator ; for he adds:
¢T believe the horse to have been predestined and prepared for man.’
Henece natural lawis in this case not opposed to miracle, but denotes
merely the manifestation of an Almighty Will working towards
a definite purpose. The same view is expressed also by Gaudry
in his Considérations sur les Mammiféres (Paris, 1877), where
he says: ‘A mesure que j'ai cherché & comprendre I'histoire
des étres fossiles, il m’a paru de plus en plus probable que
I’Aunteur du monde n’a pas créé isolément les especes succes-
sives des dges géologiques, mais qu’il les a tirées les unes des
autres.’
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had Cuvier been able to make use of our present
material his conclusions would have been entirely
different. I have no doubt also, that our great
German teacher and master, Johannes Miller,
would likewise have set aside his mystic ideas of
the origin of animals and of creation, in view of
the rising sun of Darwinism.

We have, of course, no intention here of giving
an account of the gradual extension of paleonto-
logical science itself. Our object is rather to
explain how palmontology and zoology inter-pene-
trate and correlate with each other. And it is
self-evident that in doing this the newer period
stands prominently forward, since the revival of
the theory of transformations. One of the condi-
tions of this theory of development is the overthrow
of Cuvier’s theory of catastrophes, and indeed it
was finally overthrown for all time to come when
Lyell, in 1832, published his famous ¢ Prineiples
of Geology.” Lyell there proved that the earth’s
crust does not condense and change suddenly, and
that the geological periods of peaceful life have
not been separated from each other by general
convulsions extending over whole continents, hut
that the continuity of lands and seas has never
been entirely interrupted, even though they have

E
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often been disturbed by mighty upheavings and
sinkings.

The connection of the oceans must, in fact,
never be altered to account for the migration and
distribution of the animals. TFor instance, it 18
now an established fact—from deep-sea investiga-
tions—that, since the chalk period at least the
bottom of the sea has experienced only unimportant
changes, changes that are almost imperceptible 1n
their slowness and their effect upon the animal
world ; its petrography has, in fact, undergone such
small changes that it may be said that we are still
in the chalk period, and that the formation of
chalk is still proceeding. And further, we may
assume the process to have been the same with all
the other and earlier geological periods. This
theory may, moreover, with certain limitations,
be applied to the main land. Larger accumula-
tions of land of some consistency are probably first
perceived in the (Cloal formation, and there can be
no question of continents, in our present sense of
the word, till the Jura and Chalk periods. Af all
events, however, temporary connections of large
Jura islands—probably also the accumulations of
land belonging to the Trias—must have also existed.
For, not merely have we to date the individual




PALEONTOLOGY SINCE CUVIER. al

origin of the Mammalia as far back as the Trias at
least, and probably even further back, but we have
to assume that the class was one of pretty consider-
able extent. And, with the beginning of the
Tertiary period we already stand on the threshold
of the present. Whether or not there was ever a
Sahara ocean,' or Europe ever half under water or
encrusted with ice, or England torn away from
the mainland by an inroad of the sea, or again
whether or not North Africa could exchange land
animals with South Europe by means of two
1sthmuses—these and other incidents on a arand
scale would in no way affect the truth of an
uninterrupted development. There remain, it is
true, a series of animo-geographical problems un-
solved, problems which are geological as well ; for
Instance, the case of Madagascar, the distribution
of wingless birds, the Edentata, the isolated cases
of the Australian fauna, &c. These difficulties
must simply be accepted as such. They do not
hinder our recognising the natural connection of
the living world which is foreed upon us by other
facts, and they do not Oppose our present concep-
tion of the universe, which is already a very old

' This conjecture may be said to be altogether refuted by the
latest investigations,
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one, although in its modern form it has the new
name of monism.

However, our intention was to speak of some of
the work that had been accomplished in our day in
the domain of palmontology, which is intimately
connected with that of zoology. In the first place,
then, we must mention Riitimeyer’'s works, and
ean, in fact, mention only some of his most eminent
and comprehensive publications. When Darwin’s
grand work on the origin of species, the derivation
of domestic animals, and the influence of domes-
tication on the transformation of the original
species first appeared, and was being universally
talked about, as much interest was simultaneously
aroused by the discoveries of the Swiss lake-dwell-
ings. They gave the greatest impetus to the study
of modern anthropology, and also ecalled forth
Riitimeyer’s work on the fauna of the lake-dwell-
ings,! a masterly performance, and one precisely
such as was required by the new theory with its
very imperfect evidence. The manner in which he
explains the prehistoric discoveries by the racesof the
present day in connection with the diluvial forms,
pointing out certain primary forms as the ancestors

| Riitimeyer, Die Fauna der Pfahlbauten in der Schweiz.
Basel, 1861.
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of our domestic animals, more especially of the
oxen, the accurateness of his account of the actual
facts, the subtlety and carefulness of his combina-
tions—everything, in fact, makes Riitimeyer’s
work appear as if it had been ordered for a given
purpose. Soon after this, in 1863, he published
a work on fossil horses.! This work, which was
undertaken by way of explaining the relation of
the genus Horse to its primeval ancestors, is, in
reality, a treatise on comparative odontography, or
the study of the teeth of the whole class of hoofed-
animals. The precision with which he points out
the significance of the characters of the teeth, the
relation of the milk teeth to the permanent teeth,
the transitions in the geological successions of the
genera and species, and traces them back to uni-
versal principles and laws, can be compared only
to the sagacity of a Cuvier. I must confess
that I have never felt my interest so thoroughly
aroused in a subject, wholly distinct from my
own special study, as it has been by these two
works of the Basle zoologist.

Unfortunately, our greatest authority on do-
mesticated animals, Herman von Nathusius, who
died a few years since, and was always vehemently

' Beitdge zur Kenntniss der Jossilen Pferde,
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opposed to the doctrine of descent, has left us a
fuller report only of the Pig family as regards what
he had to say in opposition to Rutimeyer. He
never published a full account of his valuable com-
parative iuvestigatiﬂns respecting the domestic ox.
But Ritimeyer has published a later and admirable
paper on this very subject, his object being to show
the connection between the living oxen and all
these belonging to the Diluvial and Tertiary periods.'
We shall presently have to quote from Rutimeyer,
and may here supplement our remarks on his works
by mentioning his treatise on the genus Deer,* which
is carried out in the same spirit. All of these con-
tributions are masterpieces as regards method, for
although starting from a limited horizon, they
extend over the whole earth, according to space
and time, and the claims of a practical speculation
are set forward in opposition to a system of phi-
losophy, according to which our investigations in
natural science would not have advanced beyond
the scheme of Plato’s Ideas and Aristotle’s Ente-
lechis.

Ritimeyer’s investigations are mnot confined

! Riitimeyer, ¢ Versuch einer natiirlichen Geschichte des
Rindes ' in the Reports of the Swiss Pala@oniological Society,
xxii. 1877.

: Die natiirliche Geschichte der Hirsche le. 18380,
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merely to the objects found in the lake-dwellings,
the pea-ore and molasse strata of his native country,
for in his monographs, referred to above, he gene-
rally makes use of all the available material in the
European collections.! We would mention together
with Rutimeyer two French naturalists, Albert
Gaudry and Filhol, both of whom have, as it were,
been forced by their important discoveries to come
forward with imposing proofs for the theory of
descent. It is more than twenty years since the
publication of Gaudry’s work on the fossils of
Pikermi.? Pikermi is the name of a hamlet on the
road between Athens and Marathon, near which,
in the deposits of a mountain stream which at one
time rushed along there, are found an ineredible
accumulation of vertebrates, more especially of
mammals belonging to the upper Tertiary period.
In summing up the results of his investigations
Gaudry gives his readers a picture of a tertiary
landseape and its forms of life, which we cannot
resist quoting word for word, as an example of how
our imagination should, in all cases, weave single

' We must also mention here his extremely instructive paper
on Die Herkeunft unserer Thierwelt (1867), although for us nowa-
days it certainly presents econsiderable gaps.

* Animaux fossiles et géologie de U Attique (1862),
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dry observations into a picture full of colour and
life.

¢ The province of Attica has undergone great
changes since the far off times when these animals
existed, the remains of which are accumulated
yound about Pikermi. At the present day it 1s
a strip of hilly country twenty miles (licues) long
and ten broad. That this locality should have
been considered the abode of the gods, and should
have witnessed the glory of the most eminent
minds of antiquity, is quite intelligible. But the
numerous and gigantic four-footed creatures of
primeval times required a wider area, and they are,
moreover, too like the present species from the
interior of Africa for it to be possible that they
could have lived in Greece under the same con-
ditions as exist at present. Without doubt at one
time Furope was connected with Asia by un-
interrupted plains that are mow covered by sea.
We must also imagine these plains to have been
provided with a more luxurious vegetation. The
marble hills of Pentelicus, Hymettus, and Lau-
rium produce now only small plants upon which
the bees find their food. At one time valleys with
a rich vegetation must have run along by the

side of those barren hills, and grassy meadows
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alternated with splendid forests. For an abundance
of animal life demands a corresponding fulness of
vegetation.

‘ Those landscapes were enlivened by the most
varied forms of mammals, by the two-horned
rhinoceros and the gigantic boar ; also by monkeys
leaping from rock to rock; earnivora—from the
families of the civet-cats, martens and cats—all on
the hunt for prey ; the caves of the Pentelicon hills
were inhabited by hysnas. In the same way as
quaggas and zebras now inhabit Africa in enormous
numbers, immense herds of Hipparion must have
there careered across the plains. Not less fleet in
their movements, and of an even lighter build, were
the antelopes, also in great numbers. Every troup
of a distinet species would be distinguished by the
form of their horns: those of the Paleoreas had a
spiral twist like those of the eland of the Cape ; the
horns of the Antidorcas were curved in the form of
a lyre; in the Palsoryx they were long and bent.
The horns of the antelopes resembled those of the
gazelles, those of the Tragoceras were placed like
those of goats. Paleotragus was distinguished by
a slighter build and a narrower skull, with horns
situated immediately above the eyes. But Hella-
dotherium and another species somewhat akin to
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the giraffe towered above all of the Ruminants.
And Ancylotherium also—one of the Edentata—
was a creature of considerable size with bent toes.
The most gigantic of all the animals, however, was
the Dinotherium. What a magnificent sight it
must have been to see it marching about, accom-
panied by two species of mastodon! In those
plains was heard the roaring of the frightful
Machairodus with its sabre-shaped canine teeth ;
and many’ other species associated with those
named above. Their cries were intermingled with
the songs of birds, and in the concert raised by
all these creatures the voice of man alone was
wanting.

« Nowhere does the earth now present a similar
secene, as we may be convinced by a glance at our
present fauna. In the virgin primeval forests of
America, where plant life is met with in the full
majesty of development, we might expect to find an
equally full development of animal life. DBut the
four-footed animals arve less powerfully developed
there than in the Old World, and are even lesssoin
Australia. In Europe and Central Asia they have
decreased in numbers by having been hemmed in
between the civilisation of the temperate zones and

the ice of the north. The largest mammals of the
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present day are found in India and more particularly
in Africa. Delegorgue, in his acecount of his explora-
tions in Afriea, describes a lake which was inhabited
by a hundred hippopotamuses, and within a space of
3,000 (?) he found more than six hundred elephants.
On one occasion he met with from three to four
hundred hywna-dogs, and again with troups of from
four to five hundred quaggas. Livingstone relates
that he frequently saw herds of more than four
thousand antelopes passing. One of his descriptions
of this wild part of the earth runs somewhat thus :
“hundreds of zebras and buffaloes were seen
crossing the plains; numbers of elephants were
seen feeding, and their trunks alone showed any
signs of movement. I should have liked to have
photographed the picture, for scenes like this will
vanish when firearms are brought into use, and
will then be forgotten. Tt is perfectly marvellous
what immense numbers of animals are to be seen
crossing the country. I could fancy myself trans-
ported back to the days when the giant sloth
roamed about the primeval forests.” ’

Gaudry goes on to say: ‘ However splendid
such pictures may be, old Greece could offer even
grander scenes. In fact, while the whole of Africa
1s the home of but one species of elephant, Pikermi
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had two different forms of Mastodon and the
Dinotherium, the principal giants among the
four-footed animals. Africa has only one kind of
giraffe. Attica possessed a giraffe surpassing all
the living antelopes in size, and the Helladothe-
rium, an animal with short legs, it is true, but
larger than the giraffes in bulk. Among the living
Ruminants there are none that can be compared
with the Helladotherium; the camel is much
inferior in size. Africa has but one species of
rhinoceros, distinguished by its rudimentary
inecisors, whereas in Pikermi are found a rhino-
ceros of the African type, another of the Asiatic
species, and in the Acerotherium, probably also a
genus related to the rhinoceros. The huge thick-
skinned animal, the Chalicotherium, which is said
to have been discovered in Greece, is unequalled
by any in our day. The skull of the Eryman-
thian boar exceeds that of the wild boar by
one third ; and among the latter are some larger
than the wart-hog and the masked boar of South
Africa. The earth-hog (Oryeteropus), the largest
of the Edentata in the Old World, is a miserable
creature compared with the Ancylotherium of
Attiea. Lastly, the lion is surpassed by one of the
Carnivora of Attica, the panther by another.

i
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‘It is unjustifiable to dispute the existence in
the Greece of that period, of aquatic animals—such
as the river-horse, sea-cow, crocodile, which are of
frequent occurrence in Africa—simply because their
remains have not yet been discovered there. For
the stratum of Pikermi is essentially the result of a
mere landslip, inasmuch as the layer of mud which
surrounded the bones was washed down from the
heights, where there could be no waters inhabited
by those gigantic animals. As little does the
absence of anthropomorphous apes prove that they
never existed among the fauna of Southern Europe ;
the gorilla, for instance, inhabits silent forests
where scarcely any other four-footed animals are
met with.

‘In Attica, therefore, more species of large
mammals are met with than in any other part of
the present world. T have no means of determin-
ing the number of the individuals of the different
species, but there is no reason to suppose that
this number was smaller than those of the present
species.  Notwithstanding the great number of
animals observed in different parts of Africa, no-
where could a greater quantity of individuals be
found, on a space of the same size, as where I made
my excavations. This space—only a small portion

e —————
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of the entire stratum containing the bones—was.
800 paces in length and sixty in breadth. The
quantity of bones all mixed up together, which a
fortunate excavation at times brought to light,
presented a remarkable sight. When I remind
my readers of the fact that I brought back with
me 1,900 pieces of Hipparion, more than 700
pieces of Rhinoceros, 500 of Tragoceras, &e., it
will readily be understood that I was obliged to
leave behind me on my last journey the remains of
the commoner species of animals, to colleet which
would only have delayed my examination of the
rarer pieces.’

Gaudry was able in every direction to deter-
mine the position of the different species which
had lived together on the ancient ground of
Pikermi, midway between the Miocene and Pliocene
deposits. One main result of his comparisons was
the proof that almost all belonged to that sort of
intermediate form of which Cuvier had so greatly
felt the want. ¢If,’ says Gaudry, ‘with all the
eminent palmontologists of to-day, we add all the
other known fossils and living species to those
found at Pikermi, we feel convinced that the gaps
would disappear in the same proportion as new dis-
coveries are made.” Thus he found himself obliged
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1o set up pedigrees—those systems of the probable
geological connection—which are ridiculed only by
persons who lack the preliminary knowledge for
forming a judgment.

Yet Gaudry, like other of his countrymen who

maintain the incontestability of the theory of:

descent, is not a disciple of Darwinism—i.e. of
finding a proof for the theory of descent in the
hypothesis of natural selection in the struggle for
existence. He, like R. Owen, remains within the
realm of miracles, and supposes a personal Creator
to have directed the countless forms of develop-
ment towards definite and pre-ordained purposes.
With this conception of things—which at a certain
point sets sober inquiry aside—the assumption of
accident has to be met, and accident, in the
opinion of Darwin’s opponents, is raised to the
rank of principle. We do not, of course, intend
here to enter into any further polemics while
speaking of the great achievements of a man who
admits his belief in such things, but still we must
again remark that even that which is called
accident is not beyond the pale of legitimate occur-
rence. We leave it to the reader to decide whether
it appears more reasonable to assume that the
absolute intelligence of a personal Creator should
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break off, for no result, millions of commenced
series, than that so-called accident should prevail
within the absolute laws of Nature.

Gaudry, in a very admirable work,! has given
an account of the main substance and the results
of all the 1};leu011tolugicu-znulugiml inquiries.

Of even greater importance to the question
of transition- and intermediate forms are the
works of Filhol, a young compatriot of Gaudry's.
We refer to his papers on the ¢ Phosphorites of
Quercy, * which appeared in 1876 and 1877 ; also
his article on the ¢ Fossil Mammals of St. Gérard le
Puy,” and his comprehensive treatise on the * Fossil
Mammals of Ronzon,” which appeared in 1882.

Phosphorite belongs to the Upper Eocene for-
mation of South-western France, deposits of non-
crystallised phosphated lime. It is found in cracks
and hollows which have been filled up from above.
The deposit, Filhol says, was 1o doubt the result
of warm springs, which from time to time caused

extensive inundations, and drowned or suffocated

\ Gaudry, JLees enchainements du monde animal dans les
temps giologiques. Mammiféres tertiaires (1878).

2 Filhol, Recherches sur les Phosphorites du Quercy. Etudes
sur les fossiles quion a rencontrés, et spécialement les mammiféres.
Annales des sciences géologiques, vii., viil.; Mammiféres fossiles de

8t.-Gérard le Puy, 1bid, X.; Mammiféres de Ronzon, xil.
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all living things. Pachyderms, Ruminants, Ro-
dents, Carnivora, all met with a rapid death to-
gether ; frequently the animals were buried while
their skeletons were still intact. The deposits at
Quercy have furnished the most important facts
that have yet been discovered for the study of
the fossil Mammalia in Europe. They are as im-
portant as the more recent discoveries in America.
The characteristics of the animals met with in
France are perhaps less remarkable and conclusive ;
they are not striking at first sight, and it is only by
a very careful study of them that we perceive their
true value. The transitions are extremely delicate ;
we have there to do with shades of difference, not
with differences clearly expressed. Hence the
period of Phosphorite witnessed great changes, and
the types now existing were giving signs of appear-
ing. The influence of natural circumstances, which
we are not able to define more narrowly, but the
traces of which have been discovered, changed the
species In various ways and gave rise to varieties
which became fixed, and thus passed over into g
new species. Thus far Filhol.

Of the incredible wealth of forms among the

higher classes of animals in the South-western
Europe of those days, we have proofs in the fact
F
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ihat Filhol distinguishes, among the beasts of prey
alone, some forty-two species. In this abundance
of forms, in the occurrence of these most varied
kinds of flesh- and plant-eaters—which cannot be
imagined without a struggle for existence—we can,
as it were, quietly watch the gradual, very oradual,
process of transformation, the origin of species. The
‘nestimable value of Filhol's researches, like those
of Gaudry, is that they could extend over thousands
of objects. His investigations are peculiarly valu-
able, owing to the fact that three of the most 1m-
portant deposits of France and of Europe (Quercy,
Ronzon, and Gérard le Puy—the rich outcome of
which he was able to work upon), belong to three
closely connected aeological horizons. And Filhol
has compared—in a way that scarcely any other
palmontologist has done—the changes and advances
of the animal world from one of these periods to
the other, in their specialisations, and has placed
ihese in the foreground as the general result of his
most careful and detailed accounts.

Another investigator of great enterprise, Wol-
demar Kowalewsky,' has unfortunately died at

1 W. Kowalewsky, Sur I Anchitherium Awrelianense Cuv.
(Acad. de St. Pétershourg, 1873) @ Osteology of the Hyopolamide
(Philoso. Transact., 1873) ; Versuch einer natirlichen Classifica-
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too early an age. His works also belong to the
seventh decade and treat more especially of the
Hoofed animals ; they contain the most important
supplements to Riutimeyer's works, for he, at
times, takes up entirely new standpoints for deter-
mining the connection between the present and
the remote periods. He has not done so much in
bringing to light new forms, as in carefully com-
paring those long since known. Certain opinions
about primary and fundamental forms, such as
Paleotherium, Anoplotherium, Dichobune, and
others, which had beecome traditional since Cuvier’s
day, he has finally corrected, and has in a masterly
way clearly defined the essential differences be-
tween odd-hoofed and pair-hoofed animals: he has
also endeavoured to explain the disappearances of
forms, and the continuance and transformation of
others by very careful examinations, more particu-
larly of the hand and foot. Accordingly he has
set up pedigrees which do not indeed differ in
many points from the results given by Rutimeyer,
but they are certainly proofs of the extremely sug-
gestive and ingenious manner in which he eon-
templates the primeval world, in its continuity with

tion der fossilen Hufthiere. Monographie der Gattung Anthra-
cotheripm (Palmontographica, 1876),
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the earth as it is nowadays. Specially ingenious
I consider his distinction between the adaptive
and inadaptive reduction of the limbs, which we
shall have to consider more in detail when discuss-
ing this point.

Having now pointed out the direetion in which
these investigators have worked, and their con-
ception of things in general as distinguished from
those of their numerous fellow-workers in the
domain of the higher animals, and having further
referred to the stimulus which their studies have
given to the theory of descent, I may now confine
myself to mentioning them only in so far as they
concern the palzontology of the Old World.

Within the last fiffeen years a series of sur-
prising discoveries have been made concerning the
paleontology of America ; these discoveries have
almost subverted, at all events completely modified,
the opinions that had hitherto prevailed as to the
distribution and derivation of animals, in o far as
they concern the exchange and succession between
the Old and New World. We have a summary of
the zoo-geographical inquiries into those primary
periods in a work of Ritimeyer’s,! not very com-
prehensive but rich in substance. He there says:

\ Ueber die Herkunft unserer Thierwelt, 1863.
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 The whole surface of the earth of the 0ld World
during the Tertiary, as far as is known, formed one
single natural domain for the mammal fauna ; it
was more extensive, but the same as that which had
previously sustained the animal world of the Eocene
formation.” From here the primeval Mammalia
proceeded not only southward into Afriea, but had
also, as it seems, found their way into the New World
by an isthmus of land connecting Furope with
North America; partly also—as is shown by the
fossil elephants of Japan—from Northern Asia in
the direction of the Aleutian Islands. The fauna of
North America, the principal portion of which, to
all appearances, was not indigenous to the country,
then wandered southwards, following the course of
the principal mountain ranges, where they met
members of a foreign fauna coming northwards
from the south, and which in the more recent
periods even crossed the isthmus. At all events,
the Mammalian fauna of North America appeared
as inferior and dependent upon that of the East,
and immigration from the New {0 the Old World
seems a doubtful matter and even g question of
secondary importance. As Rutimeyer goes on to
say: ‘ The Miocene fauna of Nebraska is the offspring
of the Eocene formation of the Old World. The
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Pliocene fauna of Niobrara, which lie buried in the
same ground as Nebraska, but in a later stratum
of sandstone, prove this in an even greater mea-
sure. Elephants, tapirs, and various species of
horses differ scareely at all from those of the Old
World: the boars, to judge from their dentition,
are descendants of the Paleochoerus, &e., of the
European miocene deposits.

Fven when these remarks of Rutimeyer were
written, we possessed an eminent work on the
Tertiary fauna of North America by Leidy.! DBut
gince those days the discoveries made have been
so extraordinarily numerous, and the immense
variety of animals that lived there has proved so
much more varied than the European fauna, that
American investigators, headed Dby Cope and
Marsh, have come to the conclusion that America
was not colonised with Mammalia from the Old
World, but that the former gave Europe some
of its original superfluity ; even the theory ac-
cepted by Riutimeyer, that the Tertiary strata
of America were in part somewhat more recent
than ours, is proved to have been the reverse.
Marsh writes in 1877 : ¢ These natural divisions
(of the American Tertiary) are not the exact

1 The Ancient Fauna of Nebraska, 1853,
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equivalents of the Eoecene, Miocene, and Pli-
ocene of Europe, although usually so considered
and known by the same names; but, in general,
the fauna of each appears to be older than that of
its corresponding representative in the other hemi-
sphere—an important fact not hitherto recognised.’

The area of the life which extended throughout
the Tertiary period, and showed, in part, a closer
connection than can be proved in the case of
Europe, lies along both sides of the Rocky Moun-
tains. To the west—more especially in the region
of the Green River—it extends up to the height
of the Great Salt Lake. It is more extensive
still to the east, where the so-called Bad Lands
(Mauvaises terres) in the state of Dakota are the
most productive eentre.

Leidy’'s work on the ancient fauna of Nebraska,
which marks an epoch in the paleontology of the
United States, has been completed by his investi-
gations on the extinct vertebrates of the Western
Territories.! Since then not a year has passed
without Cope, and Marsh especially, bringing to
light new branches of this rich tree of knowledge.?

! Leidy, * Contributions to the Extinet Vertebrate Fauna of
the Western Territories,’ United Staies Geographical Society.
Washington, 1873,

* We do not yet possess any detailed account of this incom-
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No less magnificent than these discoveries
relating to the Tertiary mammals, are the disclo-
sures concerning the Diluvial mammals that have
been made since Cuvier's day. But it is chiefly
Qouth America that attracts our attention as
regards these. Most remarkable of all are the
discoveries of fauna from the Upper Tertiary and
Diluvial, which were found mainly in the caves
of the Brazilian province of Minas Geraes, and
also in the deposits of Argentinium and Bolivia.
Fossil remains from the Focene are very rare, and
of these remains those of the Palmotherium and
Anoplotherium from Europe, point to connections
of which geology has as yet been unable to give
any explanation. Testimonies from the Miocene
are altogether wanting. On the other hand, the
later deposits show an extremely peculiar character,
owing to numerous, and n pars eolossal forms of
FEdentata. Whether some of their most wonderful
representatives, such as the oiant sloth, were
parably valuable material. We have to refer to the short papers
contributed to the American Naturalist, Stillman's Jowrnal,
also to the Proceedings of the Amer. Philos. Society. Marsh
gives a survey in the paper on the Inmtroduction and Swuccession
of Vertebrate Life in America, 1877; also Cope’s article, * Mam-
malia Bunotheria,” in the Report upon United States Geogra-

phical Survey West of the One Hundredth Meridian, vol. iv.
Palzontology, 1877.
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driven northwards when the isthmus was restored,
or whether, according to Marsh, the north was
the original home of this animal likewise, does
not seem to be a settled point. This Megathe-
rium was already known to Cuvier. But most of
the Edentata were not discovered till later, and
Lund’s discoveries ' in the cave-deposits of Brazil
may be said to mark an epoch; in more recent
times, Burmeister,” a veteran in zoological research,
has in a masterly way deseribed the gigantic
Argentine armadilloes and other animals.

A comparison of our present fauna, both of
Europe and Asia—as well as of the two Americas
—with that of the Diluvial period in these same
regions, will show the present at a very great
disadvantage; Wallace might well say that we
live in a world which is zoologically very im-
poverished, and from which the hugest, wildest,
and strangest forms have now disappeared. This
disappearance of numerous races of animals, in the
eastern and western hemispheres, almost makes
the impression as if it had been the result of some
such catastrophe as we have declared ourselves

' Lund, Brasiliens Dyrverden. Copenhagen, 184145,
* Burmeister, Annales del Museo publico de Buenos Aires,
1864, p. 9.
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unable to admit. At all events, the period within
which the European mammoths and their asso-
ciates, the American mastodons, the giant sloths
and giant armadilloes, rapidly died out, must have
been very short in a geological sense of the word.
But there was no general destruction or dying out,
only a portion of the species became altogether
extinet, e.g. the horses of America: one portion
found means of differentiating, to adapt themselves
to a new locality, or returned at a later period to
their old home when the hindrances to their ex-
istence no longer prevailed. Among those inhabit-
ants of the earth able to cope with the existing
difficulties was Man, who may, with positive
certainty, be seen struggling through the whole
Diluvial period. All these signs of life succumbed,
or had partially to withdraw, before the great ice
formations which took place during the sub-
divisions of the Diluvial age. The cloak of 1ce—
evidently of many thousand years’ duration—which
still persistently envelops Greenland, while Norway
and Sweden, in the same latitudes, enjoy the most
splendid green summers, gives us a vivid picture
as to how we have to conceive the enormous
glacial formations in BEurope and America during
the Diluvial period.
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An extremely interesting question in paleon-
tology, and one which is at present engaging the
attention of geologists, is, whether North Germany
was under water or encrusted with ice during
one division of the Diluvial. Nehring' has come
forward in support of the latter hypothesis. He
adduces weighty arguments against the drift theory,
t.e. against the generally accepted supposition that,
during one subdivision of the Diluvial, North Ger-
many was under water, and that the Scandinavian
blocks of granite scattered over the land were
deposited by icebergs from the north. His chief
argument against this theory is the utter want of
any remains of marine animals, the want of every
trace of shore fauna. Some few discoveries in
East and West Prussia, in Holstein and about
Hamburg, which have been examined by Berendt
and Jentzsch, ‘prove only,” says Nehring, ¢that
certain limited portions of North Germany were,
during the ice period, covered by the sea perma-
nently, or perhaps only for a time.” For, he adds,
1t was not sea but glaciers which covered the low-
lying plains of Germany, as far as the Hartz and
the other mountain ranges to the south. Where

! Nehring, ‘Faunistische Beweise fiir die ehemalige Verglet.-
scherung von Norddeutschland,” Kosmos, vii, 1883,
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the glaciers themselves lay there are absolutely
no remains of animals, but remains are found in
those localities where the edges of the former
glaciers must have been situated. And all of these
remains belong to an Arctic Alpine fauna, such as
now live round about the North Pole—the reindeer,
musk ox, arctic hare, lemming, arctic fox, arctic
hen, arctic owl. The occurrence of all these animals
is carefully pointed out by Nehring, for instance,
at Tiede in Brunswick, and at Westeregeln. The
nature of the bones, and the discovery of young
specimens by the side of the older animals, shows
that the conclusion must be that the animals lived
there. It is still uneertain whether there was only
one, or two, or even several ice periods. The
Glacial period with its fauna was followed by one
with an improved climate, which, however, did not
as yet permit the growth of forests. A new fauna
appears corresponding with that of the steppes of
South-western Siberia—jerboa, suslik, lagomys,
saiga-antelopes. Gaudry, too, has shown that the
latter were also very widely distributed in France.
If Northern Europe had only one Glacial age, then
the period of the steppe fauna marks the retreat of
the glaciers in the very different configuration of
the land. If, however, there were two Glacial
periods—as seems very probable at least in the case
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of Switzerland—then those periods during which
the steppe fauna might have dispersed must have
been the intermediate epochs. However, we still
require much enlightenment on this point, and much
also remains to be explained as regards the causes
of all these ice formations.

It 1s not known how far back Man extends into
the Tertiary period. In the central and northern
latitudes of the Old World as well as of America
he could, of course, not gather into communities,
or rise above his origin, till the Glacial period (as
may be assumed) gave way to incalculably long ages
of assured order in the later geological period.
And Man’s distribution over the earth is accom-
panied by a diminution of the animals.

THE STRATA OF THE TERTIARY FORMATION.

Air-breathing animals are met with first in the
Coal formation. Thereupon we have in succession
the Dyas formation (in Germany, Kupferschiefer
and Rothliegendes), the Trias (bunter Sandstein,
Muschelkalk, Keuper), the Jura with its numerous
divisions, and the Chalk. We possess a few fossil
remains of Mammalia even from the Trias and
Jura formations. Nothing is preserved in the
Chalk. On the other hand, the subdivisions of the
Tertiary are unusually rich in fossil remains of
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mammals. By way of pointing out the position
and succession of the formations, we will here add
o tabular view of the more important strata ; first
those of the 0ld World, where Central Europe is,
of course, the part that has been longest and best
known, and then a comparison of the divisions of
the Tertiary of North America. At the same time
the names of the more important species are given
by the side of the different strata in which they are
found. All that lies above the Tertiary formations
is considered as Diluvium, the lowest strata of
which are frequently also called Quartary or Quar-
ternary. It need scarcely be stated that there is
no sharp boundary between the uppermost Tertiary
strata and the lower Diluvial, and that the separa-
tion of the upper Diluvial from the later Alluvium
is equally indefinite. Owing to this difficulty
in distinguishing the different formations, most
paleontologists prefer speaking merely of a lower or
an upper stratum of the Tertiary, in place of sub-
dividing it into Lower, Middle, and Upper Tertiary,
Miocene or Pliocene. The following arran gement is
partly taken from a tabular view given by Gaudry ;'
. the case of America we have followed Marsh.

1 Gaudry, Considérations sur les Mammiféres qui ont vécu en
Euwrope d la fin de I"épogue miocine. Paris, 1873.
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A. TERTIARY FORMATIONS OF THE OLD
WORLD.,

PrLIoCcEXE.

- Perrier. Crag of Norwich. Val d’Arno.—Numerous deer.

Antelopes rare. Elephants. Mastodon.
Marl of Montpellier. Lignite of Casino. —Both deer and
antelopes. Hyaenaretos.

VIENNA BASIN II.

Urrer MiocexE.

Pikermi. Ballavar, Mont-Léberon. — Helladotherinm.
Ietitherium. Hywmna,
Stwalik Hills.

Tapir. Dinotherium. Simocyon.

Mmpore Mriocexe.

Sansan. Georgsmiinde and Glinzberg. Eibiswald.—Ante-
lopes. Mastodon.

VIENNA BASIN I.

Limestone of Montabuzard. Sand of Orleans. Lignite of
Monte- Bamboli.—Palzochoerus. Cainotherium. Dremo-
therium. Dicroeeras. Dinotherium, Mastodon.

Lower MiocesE.

- St. Gérard le Puy (on the Allier).— Anchitherium, Dremo-

therinm.
Sand of Fontainebleaw. Lignite of Cadicona.,—Rhinoceros.
Lime rocks of Ronzon.—Gelocus,

Urrer Eocexe,

Piiosphorite of Querey.
Lignite of Debruge.

Paris Gypsum. Hampshire.
Sands of Beauchamp.
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I1.

SPECIAL COMPARISON OF THE LIVING
MAMMALIA AND THEIR ANCESTORS.

Ix entering mow upon an examination of the
different groups of the living Mammalia according
to their historical or paleontological past—an ex-
planation of that which has come to be out of that
which has been—the method to be followed is self-
evident: a systematic arrangement, proceeding
from the lowest to the highest forms, comprising
the result of anatomical as well as of palmonto-
logical considerations. The lower groups of Mam-
mals are, of course, those which have retained the
inherited qualities of their ancestors most distinetly,
and have changed least. This does not necessarily
include the certainty that they inhabited the earth
at an earlier period than all those whose skeleton,
brain, and feetal development show a pre-existence
of the lower forms, but end with a higher result.
The lower Mammals may have remained as a rem-
nant of a group whose nearest relatives—at first,
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by scarcely noticeable deviations — raised them-
selves above their cousins by making use of the
advantageous changes and adaptations in their
organisations. And yet the probability is that the
lowest animal forms were, in general, also the
oldest geologically.

Although even Cuvier had prepared the down-
fall of Buffon’s indefinite idea of arranging the
animal kingdom into one series, still it was not ill
our own day that it became generally admitted that
the conception of a figurative expression for the
system could only take the form of an immense
tree, with hundreds of branches and thousands of
twigs. The animals we see living to-day are the
tips of the twigs and shoots: those that preceded
them must be looked for down towards the branches,
and from these again down towards the trunk. The
comparison of a tree, however, serves only as a
means of arrangement. On our grand tree of life,
the branchings are all unlike one another, and
show resemblances only where they are in close
proximity ; the farther they have branched off from
the tree the more different do they become.

From another point also the figure of a tree
will give us a distinet idea of the actual state of
things. The farther we go back into the history

G 2
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of the existing animal forms the nearer we come
to their origin. In cases where to-day no connec-
tions seem to exist except the characteristics of the
class and order, in going back we find more definite
and ever clearer resemblances, till finally the com-
mon original forms are discovered. These have
often been called ‘ mixed forms,” which term, how-
ever, does not properly indicate the nature of the
matter. Forin most cases the question is much less
about a combination of marked eharacteristics which,
in earlier times were, and at present are distributed
over different branches, than about a still undifferen-
tiated basis that has in various directions proved
itself transformable. For instance, the Hoofed
Animals, which when first met with are unfortu-
nately already very marked in character, possess
the full number of toes and a good supply of teeth.
Of the teeth it might indeed be said that they show
a ‘mixed character,” inasmuch as the front ones
are more adapted for attack and defence, while the
rest are specially adapted for munching vegetable
substances.. But if the earliest forms of Hoofed
Animals and the earliest forms of Carnivora point
to animals resembling the Insectivora in structure
and form, as their common ancestors, and these
again point to the Marsupials, we can assuredly
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not call these mixed forms, but forms bearing the
impress of different circumstances.

But when brought into this connection with
the primeval world, the systematic arrangement of
the Mammalia—made in accordance with their
present state— must above all things appear alto-
gether unsatisfactory. The Mammals, as the most
highly developed animals, not only, of course,
stand farthest from the beginnings of animal life,
but they have also—at all events the Vertebrates
- diverged more from one another than any
other class. For even the Reptiles, whose day is,
In every respect, long since past, are behind them
in this. However adaptable their limbs were to
circumstances (their teeth were less s0), their brain
remained stationary. It was only with the charac-
teristic advance in the organisation of the Mam-
malia that scope was given to a progressive brain.
The attempts which have repeatedly been made to
make use of this point also for a systematic arrange-
ment of the Mammalia, have either been too one-
sided, or could not show any satisfactory result,
owing to the large gaps in our paleontological
knowledge. It is reserved for the future to malke
the systematic classification of the Mammalia
really ‘ natural’ one, and one which shall attain the
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ooal towards which Cuvier and Lamarck paved the
way with their grand beginnings, although starting
from such different points of view. Meanwhile
we must content ourselves with following the old
tracks.

1. THE MONOTREMA, CLOACAL OR FORKED ANIMALS.

An example as to how the animal form should
not be conceived is given by Giebel, a man of vast
knowledge but yet opposed to the theory of descent.
He says of the two well-known species of this group,
the Ant-eaters (Echidna), and the Duck-moles (Orni-
thorhuncha) : ¢ If there is anything marvellous about
any series of animal forms, the Cloacal animals ap-
pear the strangest of all; for the irregularities and
wondrous shapes in the variously formed organisa-
tions of the Edentata are far surpassed by those
met with in the Cloacal animals.” Brehm also
does not carry us much farther ; he says: ¢ The
Ant-eater and the Duck-mole are still classed
sometimes with the Marsupials and sometimes
with the Edentata. And, in fact, they combine
not only the peculiarities of the one and of the
other class, but also the most varied and opposite
characteristics of the whole first-named class (the
Mammals) ; indeed, they seem, to a certain extent,
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to be the eonnecting links between the Mammals,
Birds, and Reptiles.” That he should regard
them as connecting links is certainly somewhat to
the point, only the Birds must be left out of the
question. A direct connection between Bird and
Mammal there is not; they are allied through
their ancestors, and the latter stand widely sepa-
rated, although within the extremely comprehensive
order of Amphibio-reptiles.

Their beak-shaped jaws do not possess any
teeth; only in the ease of the Duck-mole do we find
a few horny plates. This want of teeth has per-
haps been inherited from reptile-like ancestors, and
must have been distinet from the ancestors of the
toothed mammals; hence it would be a case of
convergence. The possible case of the common
origin of Duck-moles and of Toothed mammals from
primary forms of toothless animals, and of the
acquisition of teeth by Mammals independent of
toothed ancestors, is in the highest degree im-
probable ; or else the loss of the teeth may have
oceurred only at a later period, after a common
origin on the line of duck-moles, as in the case of
Birds and various Edentates, partially also in the
upper jaw of the Hoofed Animals, and in all cases
of the reduction in the number of teeth. We take
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all these possibilities into consideration without
gaining anything for the point in question.

It is, however, a different matter with the
following characteristics. The Cloacal animals are
the only Mammals where the collar-bones have
become united into one piece by means of the
breast-bone, as in the case of the well-known fork-
bone in birds. In all other Mammals, including
Man, we find, in place of this free os coracotdewm,
a short hook, the crow-beak bone. This eircums-
stance, in and of itself, might lead to the supposition
that the Duck-moles were more fully developed than
the other Mammals. However, from the course of
the development as a whole, it is obvious that
this portion of the shoulder of the higher Mam-
mals must be regarded as a case of reversion.
Another peculiarity of the skeleton of the Mono-
trema is a couple of bones which, turned towards
the front, rise above the pubic bones at the
abdomen side of the pelvis. These bones exist also
in the Marsupials. As, however, we are uncertain
about their origin and significanee even in the case
of the Marsupials, nothing much can be made out
of the agreement. Still, the occurrence of these
bones in the two classes points to a close relation-

ghip.
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All the more characteristie is another peculiarity
of the Monotrema : the urinary and genital appa-
ratus have no separate openings, but one opening
in common with the intestinal canal, called the
cloaca. This stage of development at which the
Monotrema, like the lower Vertebrates,' remain all
their life, is an embryonal stage in the case of all
the other Mammals, and not, as Giebel says, an
irregularity or singularity, but a perfeetly normal
inheritance. In the other Mammals the peculiarity
exists normally as a transition form, but after
the embryonal life it is a condition that has been
overcome.

That the Monotrema possess actual lacteal
glands is a long-established fact. There are a
number of separate glands from which the milk
1ssues, not, however, from a teat or nipple, but
from flat, perforated patches of skin., These were
formerly held to be mucus- or perspiration glands,
but are now recognised as an actual proof for the
irrefutable supposition that the secretion of milk
was acquired only gradually. Those of our readers
who may consider this idea—of the common skin-
glands of the reptile-like animals having in the
course of time developed into the important

! In most Fishes these arrangements are different.
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mammary glands—as very strange and but httle
pleasant one, we would remind of the case of the
pigeons. Pigeons do not indeed possess glands
on the outer skin, but have glands developed in
their erops which provide the young with food ;
whereas in the other birds we find at most only
secretions for softening the food and preparing it
for digestion.

Owing to the fundamental importance of the
mammary glands, we must enter somewhat more
fully upon the subject here, while discussing the
lowest known forms of Mammals. The simplest
arrangement is that of the Duck-mole, such as was
perhaps inherited from unknown ancestors, but
which probably also represent a stage of reversion.
It is different with the Echidnas, porcupine ant-
eaters. We here find the perforated glandular
patch lying somewhat deeper and surrounded by a
circular wall of skin. In this so-called mammary
pouch the immaturely-born offspring finds admis-
sion and protection, and by sucking forms for itself
probably a temporary pointed teat. The most
important matter is that the formation of the teat
or nipple begins in all the other Mammals and in
Man with the indications of this kind of mammary
pouch, The form and more delicate structure of
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the outer milk apparatus does not appear to have
been directly transmitted only to the Marsupials ;
thus the various formations of teats, which can be
traced, from those first beginnings, amid all sorts
of modifications, through the whole series of the
higher Mammals, also corroborate the inductive
proof of the relationship of the whole mammal
world including Man.! And even in this case the
history of the development of the living repre-
sentative of an animal group, supplements the want
of observations on conditions and processes that
have played a part in the remote period of the
earth’s history.

A separate origin for the Monotrema cannot be
unconditionally rejected, but is exceedingly im-
probable, if only on account of the perfect agree-
ment of the embryonal mammary apparatus of the
Marsupials and of the other orders, with the mar-
supial pouch of the Echidnas. The suppositions
favouring the possible independence of the Mono-
trema do not, of course, possess any actual
foundation as long as we do not know the
amphibio-reptile forms where the mammal charae-
ter shows the first signs of incoming and of

! Klaatseh, * Zur Morphologie der Siugethierzitzen (Mor-
pholog. Jahrbuch, ix. 1883).
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becoming established. On the other hand, to
take a very obvious case, when competent au-
thorities emphasize the possibility that birds of
the ostrich species (the Ratite) are of a different
reptile origin to the other birds—e.g. those with
a keel-shaped breast-bone—the supposition of a
convergence would, in fact, be established ; for bird-
like peculiarities are met with in the skeleton of
several fossil groups of reptiles, hence the trans-
formation to the real bird would in various respects
be absolutely no wonder at all.

The geographical distribution of the Monotrema
is eonfined to South Australia and Tasmania. But
a few years ago a new species of Ornithoryncha
was deseribed from a perfect skull found in New
Guinea. This does not really make the range of
their distribution any larger, as New Guinea was
clearly at one time connected with the continent of
Australia, and consequently belonged to the same
zoological province. Not a trace of any fossil
discovery leads us from the present living Mono-
trema back to the primeval world, to which never-
theless they stand in such palpable relation. They
are, moreover, widely different from the other
groups of living Mammals. Even admitting the
debatable supposition that they were directly allied
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to the Marsupials—hence derived from common
primary forms—their separation from these must
have taken place before the Trias period.!

2. THE MARSUPIALS, OR POUCHED ANIMALS.

The Marsupials stand in a remarkable position
between the Prototheria (the Monotrema) and the
Eutheria (the ¢higher Mammals’), but obviously
their relation to the latter is more direct, whereas
the gap between the Monotrema and the Mar-
supials is left to the free play of the imagination.
It is mot readily intelligible how the marsupial
pouch of the Echidna—which serves to protect
the helpless offspring —could have originated by
natural selection. Here the two bones rising from
the pelvis, the ossa epipubica, transmitted to them
by their ancestors of the monotreme species, have
been brought into connection. The openings of
the urinary and genital organs have remained
at a low stage and show resemblance to the

! For the sake of clearness and simplicity we intend in the
following pages, with Huzxley, to call the Monotrema, as the lowest
Mammal form, Prototheria. They are followed by the Marsupials
as Metatheria ; and all the other orders comprised as the ‘ higher
Mammalia ' then follow as Eutheria. Zoologists will know that
the two last designations stand for the more general terms

Didelphia and Monodelphia, which, however, require a special
explanation.
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arrangement in the Monotrema. The young leave
the maternal womb in a very immature state, t.e.
the nourishment, the renewal of blood in the
uterus which, in the case of the Eutheria (the
bigh Mammals) is regulated by means of the
placenta for the advantage of the offspring, must,
owing to the absence of this feetal organ, be
accomplished at an early stage by mammary
olands. The further development of teats, in ac-
cordance with a beginning corresponding to the
marsupial pouch of the Echidna, has already been
mentioned.

A fresh feature by which the Marsupials are
brought into direct connection with the higher
Mammals is their dentition. And, moreover, with
their dentition they extend back beyond the Mono-
trema to primary amphibian forms, and at the
same time the great variety of the forms prove,
in a most obvious way, that they have differen-
tiated from the simpler beginnings of their ancestors,
in so far as they were obliged to do so owing to
the generally more uniform surface of the earth.
One peculiarity affecting the whole group of Mar-
supials is this, that only one pair of teeth in either
jaw is changed during the lifetime. The succes-
sion of the teeth with the incoming of the one
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deciduous tooth, is not a safe starting point for
making a satisfactory comparison of their denti-
tion with that of the Eutheria (the higher Mam-
mals).

In an interesting paper on the classification of
the Mammalia, Huxley! says: ¢As Professor
Flowers has pointed out, the question arises
whether we have here a primary dentition with
only one secondary tooth, or a secondary dentition
with only one tooth of the primary set leff. T
have no doubt that the answer given to this ques-
tion by Prof. Flowers is correct, and that it is
the milk dentition of which only a vestige is left
in Marsupialia. Among existing Rodents, in fact,
all conditions of the milk dentition exist from a
number equal to that of the permanent incisors and
premolars (as in the rabbit) to none at all. The
same thing is observed in the Insectivora, where
the Hedgehog, and probably Centetes, have a full
set of milk teeth while none have yet been found
in the Shrews. Inthese cases it is obvious that the
milk dentition has gradually been suppressed in
the more modified forms; and I think that there

' £ On the Application of the Laws of Evolution to the Arrange-
ment of the Vertebrata, and more particularly of the Mammalig *
(Kosmos, ix. 1881).
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can be no reasonable doubt that the existing Mar-
supials have undergone a like suppression of the
deciduous teeth in the course of their development
from ancestors which possessed a full set.” If this
is the right explanation, the suppression of the
milk teeth in Marsupials must be transferred to
a comparatively more recent period when the
branching off of the Eutheria, which still possess
the milk teeth, had not yet taken place. A proof
of this is that some groups of Mammals do not
show this succession of milk teeth and permanent
teeth, or rather that they have lost it notwith-
standing a relationship marked by a change of
teeth.

As regards teeth and limbs, the Marsupials
of to-day bear testimony fo no small amount of
adaptability. It may be compared with that
adaptability which is evident in the whole class of
the higher Mammals, if we are not to admit that
the Eutheria have originated separately in groups
from the already modified Metatheria. True, the
most useful and docile Hoofed Animals are looked
for in vain among the Marsupials, and notwith-
standing the great diversity in the formation of
their teeth—which goes hand in hand with their
mode of life-— the types of the insect-, flesh-, grass-
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and root-eating Marsupials are far more alike in
structure than are the Eutheria among one another.
The largest numbers of teeth—fifty—is found in
the opossum, Didelphys. The marsupial pouch—
the characteristic feature of the class—has, it is
true, become reduced to a few unimportant folds on
the abdominal skin. Still, because of the number
of their teeth, and because the earlier fossil Mam-
malia show most affinity to them, they must be
regarded as the least modified members of the
family.

The Didelphide, or Marsupial Rats, are now
confined to southern and central America. Neither
geology nor palmontology gives us any clue as to
how this has happened: whether and when this
branch separated from the main group confined to
Australia : whether the agreement of the Didelphids
with the other Marsupials is a matter of converg-
ence : or whether the Australian Marsupials are of
American origin. However, we shall have to return
to this latter supposition owing to an anatomical
peculiarity. The dentition of the Marsupial Rat
shows most resemblance to our Insectivora, and they
also agree with them in many ways as regards mode
of life and food. Even Cuvier discovered their fossil
remains in the Eocene strata of Paris. It wag only

H
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at a much later date that R. Owen' traced similar
animals back to the Trias formation.

In the so-called Rhetic beds, one of the sections
of the Trias, a few minute teeth were found which
probably belonged to an Insectivorous Marsupial ;
these teeth have given rise to the genus Microlestes.
Again, in the Lower Lias (of the Jura formation),
fragments of lower jaws have been found that must
be regarded as belonging to small Insectivorous
Marsupials.  Phascolotherium is most frequently
mentioned. Similar remains are found in the strata
directly below the Chalk formations, and among
these we have Plagiaulax, very remarkable on
account of the reduction and specialisation of its
dentition. In Fig. 2 we have the lower jaw of PL
minor (a) in natural size. Hence it was an animal
of the size of a mouse. In the enlarged jaw of
another species (Fig. 2, B) the premolar {?), marked
by number 4, and followed by two molar-shaped
teeth, shows the very marked character of the
genus, which is less distinet on the preceding
teeth—i.e. the deep diagonal grooves.

Owen looks upon all these imperfect remains as
¢ generalised forms,” whereas Huxley asks, what are

I Owen, * Monography of the Fossil Mammalia of the Mesozoic
Formation ’ {Paleontological Society, 1871).




THE MARSUPIALS, OR POUCHED ANIMALS. 99

the peculiarities of the more embryonal or less
specialised type of the Phascolotherium as compared
with the Opossum of to-day. Upon the whole Owen
seems to us to be right, as regards the dentition,
in coming to the conclusion that from Phasco-
lotherium to Didelphys we have an advance from
the generalised to the specialised form. This sup-
position cannot, however, be extended to Plagiaulax.

Fi1a, 2,

A. Lower Jaw of Plagiaulax minor. Natural size.
8. Lower Jaw of Pl. medins, Four times enlarged,

This animal appears rather to be already so far
specialised that it advanced but little farther in
subsequent times; nay, if the line were carried
down to the actual present, it micht even be said
to have become effaced.

The remains found of Plagiaular show the
following connection with the living Marsupials.

H 2
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An animal allied to the European Plagiaulax is
described by Marsh from the Jura of Wyoming—
Ctenacodon — without the above-mentioned deep
grooves on the premolars, but they are jagged on
the upper edge.! In addition to this, in 1883
a discovery of great interest was made, by which
the connection between the primary and the exist-
ing Marsupials has been almost direetly restored.
In the Lower Koecene, in the neighbourhood of
Rheims, Lemoine found the jaw of an animal which
shows a remarkably grooved tooth as the only pre-
molar, and behind it two low tuberculate molars
(Fig. 8,4). Owing to its close resemblance Lemoine
called it Neoplagiaulax, and classes it by the side of
the existing dwarf-kangaroo of Australia, the Bet-
tongia penicillata (Fig. 3, B). This latter also has
a grooved tooth, even though somewhat less deeply
marked.

As the Focene animal has two, and Bettongia
three teeth behind the grooved tooth, we cannot, of
course, speak of any direet relationship, but we
may assume a lateral connection between the two.

! We shall here use the words premolars and molars (as most
palmontologists do), although according to the conditions of the
living Marsupials, we are not absolutely certain whether we are
right in distinguishing the teeth of the fossil forms as milk and
permanent teeth, premolars and molars.
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Lemoine also finds agreements between Plagiaulax
and Microlestes, and has thus lengthened the series
from the Present to the Trias formation. The
French zoologist further discovers in the upper
cheek-teeth of the Brown Rat similarities with
teeth which, found isolated, probably belong to

it
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Fra. 8.
4. Lower Jaw of Neoplagianlax,
£. Lower Jaw of Bettongin penicillata, After Lemoine,

Plagiaulax.  All this points to the primeval stock
where Marsupials, Insectivora, and Rodents meet,
But we cannot imagine that Plagiaular was an
msect-eater ; I should be inclined rather to assume
that Bettongia lived upon vegetable food.

The scientific dispute regarding the mode of
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life of Plagiaulav—as expressed by its dentition—
which has been carried on with much animation,
more particularly by English enquirers, also affects
a Marsupial of the Diluvium ; and Owen has ex-
pressed his conviction as to the carnivorous habits
of the animal (which is almost the size of a lion)
by the name he gives to it, i.e. Thylacoleo carnifer.
Its skull, like that of many of the Marsupials,
shows the peculiarity of strongly developed middle
incisors. The eanines and front cheek-teeth are very
insignificant. But both above and below follows
a huge, compressed premolar which involuntarily
reminds us of the canine of the large cats of our
day. The rest of the back teeth, also, do not op-
pose the supposition of its being earnivorous, hence
here again we do not understand Owen’s learned
opponent who would characterise Thylacoleo as a
plant-eater. We agree with Owen’s opinion that
none of the existing Carnivorous Marsupials show
a similar coneentration of the dentition—such a
good or serviceable set of teeth—as Thylacoleo, in
whose case this direction of development has ex-
hausted itself. But does our Marsupial Lion show
affinity with Plagiaulaz, as Cope would have us
believe ?  Quite apart from the question of food,
we consider a transition from the dentition of
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Plagiaulax to that of Thylacoleo as exceedingly
improbable ; Dbesides this, the discovery of the
Neoplagiaulax leads us to an entirely different
track from Plagiaulax.

The Marsupial Lion of the Australian Pleisto-
cene takes us back to the time when the group had

Fi16. 4.—8Skull of Diprodon Australis. One-tenth natural size.
After Owen,

reached its fullest development (followed by a some-
what rapid decline), and which presupposes a similar
and contemporaneous abundance of plant-eaters
necessary for the sustenance of the huge flesh-
eaters. And there exists at least one species of
those theoretically required—the colossal Dipro-
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todon australis, whose skull is one metre in
length. It was obviously a plant-eater with a
specialised dentition, as is proved by the peculiar
incisors and the compressed cheek-teeth, which are
separated from the inecisors by a considerable gap.
According to Owen’s masterly comparisons, in
Cuvier’s style, Diprotodon was a gigantic kangaroo,
but without the power of leaping. Like most of
the primeval species which attained an unusual
development of strength and a certain monstrosity
of form, it has not left any direct descendants, but
together with 1t there lived, in those days, powerful
creatures closely related to the kangaroos, such as
Palorehestes, with a skull 40 em. in length.
Wombats also (Phascolomys), of which there
exist only a few species, find their fossil com-
pletion in numerous species of this genus, and
partly corresponded with them as regards size, and
partly far surpassed them. They appear all to
have been root-eaters, and, as is well known, the
habitus of the Rodents is repeated in a remarkable
manner within the group of Marsupials. The one
that can most readily be compared with them is
the Nototherium, which again is a creature that far
exceeds the living species in size, with a skull of
the most ugly description imaginable. While the
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5.—Skull of the Wombat (Phaseolarctus fuscus). One-
natural size. After Owen,

Fra. 6.—Skull of Nototherium, from the side. One-sixth natural
size. After Owen,
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Phascolarctus fuscus of the present day (Fig. 5)
shows a skull of 19 em., the skull of Notothe-
rium Mitchelli (Figs. 6 and 7) is 461 cm. long, to
403 em. broad. The breadth is caused by the
enormous arch of the cheek-bone. The cheek-teeth

TFie. 7.—Skull of Nototherium, front view. One-sixth natural
size. After Owen.

are very like those of Diprotodon, and are likewise
furnished with transverse ridges, the whole dental

formula being the same : @ ? ¢ g m E The struc-
(3]

ture and form of the teeth point to a plant-eater,
and not to the habits of a wombat that grulfs for
roots. *
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All of the above-mentioned fossil Marsupials,
which have been described by Owen in his
masterly work,' belong to the most recent geological
past. They are found principally in Eastern and
South-eastern Australia, partly in river-beds —
as for instance in that of the Condamine and
its tributaries—and in the dried-up deposits of
fresh waters, partly also in caves. The so-called
Darling Downs, not far from the Condamine, have
yielded a great number of these fossils. It was
here that Leichhard, among others, collected at
the commencement of his journey the remains of
the Diprotodon, and considered them so little like
fossils, that he expressed the hope that he would
meet with living specimens of the same animals in
the interior of the continent.

In conclusion, we come again to the question
as to the relation between the American and the
Australian Marsupials, with regard to which, as
has already been said, the primitive earth gives
us no clue. Several peculiarities, more particu-
larly the completeness of the dentition, point to
the Didelphid® as the earlier branch. But there
1s also another circumstance. According to Bar-

' Owen, Extinct Mammals of Australia (London, 1877), with
plates,
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deleben’s recent observations on the structure of
the tarsus or root of the foot in mammals and in
Man,' the Didelphid® herein show most agreement
with the Lower Vertebrates. All the American
Marsupials (the number of which has been con-
siderably increased by the researches of Hensel, who
died at too early an age) possess the determining
bones which, it is true, are not altogether wanting
in the Australian species, but are very much modi-
fied, and thus point to a later differentiation. All
of the American species, says Bardeleben, are five-
toed. The larger forms, also those without the
isolated bony intermedium, and finally those with
a reduced metatarsus, are all found in Australia.
For this reason Bardeleben thinks himself justified
in maintaining it to be probable that America, and
not Australia, was the primeval home of the Mar-
supials. Hence, that the Australian Marsupials
differentiated after the continent became separated
from the rest of the earth, and that they there be-
came to a certain extent fixed forms.

If the enormous area of the Australian con-
tinent—of which Tasmania, New Zealand, and New

! Bardeleben, * Ueber das infermedium tarsi’® (Sitzungsbe-
richte der Jenaischen Gesellschaft fiir Medicin und Naturwissen-
schaft, 1883).
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Guinea form a part, and which is so poor in Mam-
mals—be compared with any other corresponding
latitudes, the contrast in the fauna will appear most
striking. The eminent German naturalist Carl
Ritter, in his lectures on Australia,! was, if I am not
mistaken, the first to deseribe this continent—not,
as 1s usually done, as the ‘latest,” but as the sta-
tionary ’ confinent, and as old-fashioned both as
regards fauna and flora. This uniformity resulted
in an entire absence of the most important outward
inducement to the formation of varieties : with a
moderate struggle for existence, a consequently
smaller progress in the functions of the organisms.
No Marsupial has shown itself suitable as g
domestic animal; neither work, nor protection,
nor milk has been obtained from them. Thejr
flesh only, which is unpalatable to a refined taste,
was made use of by the nomadic primeval
inhabitants ; the latter were a very low race of
men who, in facet, could not advance beyond the
threshold of eivilisation, because neither the neces-
sity for settling in certain localities (which goes
hand in hand with the taming and training of
animals), nor any inducement to cultivate the land,
was ever brought before them.

' Which lectures I had the good fortune to attend.
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3. THE EDENTATA, OR ANIMALS POOR IN TEETH.

Gaudry tells us that the famous brain-anatomist,
Gratiolet, compared the Sloths to old men crawling
along heavily, with hands that had become 1m-
movable, and as having lost their teeth all but
a few pieces of cheek-teeth. Now if we take
these sloths in connection with the Ant-eaters,
Armadilloes, and scaly ant-eaters (which call forth
gimilar comparisons), and then endeavour to de-
termine the common character of the strange
company from a scientific point of view, we shall
find it easier to ask the question than to give areply.
It is true that, as their systematic name indicates,
all are poor in teeth—i.c. have an impoverished
set of tecth, some even no teeth at all, and in most
cases only pointed, regularly formed cheek-teeth
without enamel; again, all possess limbs with
large claws; further, the brain is in all cases of
very moderate size, the surface of the larger hemi-
sphere being flat. However, this latter peculiarity
is met with in other of the lower orders of the
Mammalia, and upon a closer examination not
much importance can be attached to the certain
amount of uniformity of the toes mentioned above.
One sloth has three, another two, the Giant Sloths
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three and four toes, the Ant-eaters and Armadilloes
mostly five on the front limbs ; some are burrowers,
some climbers, some walk upon the soles of their
feet, others on the outer sides of their feet: the
Sloths and Ant-bears have hairy coverings, whereas
the Armadilloes and Scaly Ant-eaters are covered
by an armour of bone, horn, or scales. The
armadilloes and ant-eaters live on worms and
insects, the sloths are decided plant-eaters.

Even from a superficial consideration like this,
it is evident—and a careful study of the question
only corroborates the remark—that the living Eden-
tata stand in a wholly different relation among one
another from that of the members of other orders
of animals, with the exception, perhaps, of the Mar-
supials and Semi-apes. The certain something by
which they are conneeted, but which our system
of arrangement cannot specify in a few brief or
clear words, could not be definitely stated unless
we were acquainted with the early history of the
group.

Unfortunately, we do not know their early
history. Even the geographical distribution of
the few existing species points to a Very remote
period. Were we to assume that the ancestors of
the Asiatic and African Armadilloes, the African
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Ground-pig, and the American Ant-bears, Sloths,
and Girdled-animals were at one time allied, we
should also have to assume a connection between
the three eontinents. There has been no lack of
very bold combinations to bridge over the gap to our
undiscoverable friends—who, it 1s to be hoped, were
better equipped for a wandering life than they are
nowadays, and have been since the Tertiary, at
least—and also to the ostriches, which, owing to a
similar geographical distribution, are equally enig-
matical. But geology has, as yet, not been able to
say her yea to this. America alone shows a rich past
for the Edentata of the earth’s most remote periods.
In Burope traces, at least, have been found which
justify the conclusion that where single individuals
of the modified forms lived, others also of the same
group must have existed contemporaneously or in
the preceding periods.

The comparatively large variety of Edentates
in South America is accounted for by the still
larger number of Diluvial species, some of which
were of gigantic size. Many inhabited the same
tracts of land which are at present the abode
of their evident successors, if not descendants.
Others we find pushed farther northwards, but we
cannot with certainty determine whether their
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nearest relatives, in those days, lived in the southern
centre of distribution—where they continue to live

up to the present time—or whether the migration

Fie. 8,—8kull of the Giant Sloth., Une-tenth nat. size,
After d’Alton,

from the north southwards was the origin of the
present distribution.

The limbs of our present leaf-eating Sloths are
most perfectly adapted for clutching hold of the

I
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branches of trees, and the animals are, by a peculiar
arrangement in the circulation of their blood, en-
abled to remain hours and days in the most un-
comfortable positions ; hence they have almost com-
pletely lost the faculty of moving along level ground.
The nearest relatives of the Sloth—i.c. of the
genera Bradypus and Cholawpus—are the colossal
Megatherium and Mylodon, found in the Diluvial
deposits of North and South America. Of the
former we have an account, with illustrations, in
E. d’Alton’s ¢ Classic Monographies,” where it 1s
called ¢ the giant sloth.” He there says, that, com-
pared with its skeleton of fourteen feet inlength and
seven feet high, that of the rhinoceros appears grace-
fal, the elephant light and slim, and the hippo-
potamus of good proportions. Its unusually broad
and bulky body has a very small skull (Fig. 8), and
is remarkably like that of our present Sloth. True,
the cheek-bone, which in the case of the Giant
Sloth is firmly attached to the temporal bone, is
not thus joined in our present Sloth (Fig. 9), but
in the case of both the cheek-bone shows a strongly
developed continuation that points downwards. The
teeth of the fossil animal, sixteen in number, are
compressed within the actual region of the cheek; in
the existing species they stand more apart; but in




THE EDENTATA, OR ANIMALS POOR IN TEETH. 115

both they bear witness to the peaceful habits of a
plant-eater, and the unmistakable agreement in the
type of skull leaves but little space for a brain,
even in the Giant Sloth.

But what a difference in the limbs! Of the
charaecter of these limbs in the two species, Mega-

xhu—_—”r_ﬂ?u%h%:)

F16. 9.—Skull of the Three-toed Sloth. Nat. size.

thermum and Mylodon, and of the mode of life of
these animals as it has to be imagined from the
limbs, Owen gives an admirable account. We will
here quote his description of the Primeval Sloths
which supplements our knowledge of the nature
and habits of the living species, even though it
may not give any direct explanation of them.

12
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After a detailed account of the various parts of the
limbs, he says: ¢ The principle of viewing structures
and instruments, in reference to the work that they
do, is shown to be good in gaining insight into the
mode of life of extinet animals, in a striking degree
through its application to the skeletons of the
Megatheriods (Giant Sloths). The teeth of these
conform so closely in all characters with those of
the Sloths as to suggest leaves rather than roots to
have been their food. In the light, slender Sloths
the modifications of structure for climbing, eling-
ing, and living altogether in trees are carried out
to an extreme. In the colossal extinet kinds, the
foliage was obtained in a different way. The huge,
single claw on the hind foot!' would be applicable
as a pickaxe to clear away the soil from between
the ramifications of the roots: a second claw* would
have interfered with such work. The foot is
organised to give great strength to that claw;
dislocation of its toe is specially guarded against ;
the rest of the tarso-metatarsal structure relates
to the power of the foot to sustain superincumbent
pressure, with a position of the claw bringing its

! This is the claw of the middle toe. The other toes appear
to have been furnished with a kind of hoof.

2 The veader who finds this explanation somewhat too odd
must not forget that Owen is a decided teleologist.
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side instead of its point in contact with the ground.
The bones of the thigh and leg are remarkable for
their massive proportions, for their thickness, and
especially their breadth in proportion to their
length : the femur in both Mylodon and Megathe-
rivm would rank rather with the * flat ”” than with
the “long " bones. These osseous columns were
needed to support the huge, heavy, expanded
pelvis. The iliac expansions are the chief con-
ditions of the other characteristics of this part;
and they are unintelligible save in relation to ade-
quate extent of powerful muscles, especially those
arising from the ecrista ilii, the chief of which
musecles concentrate their force upon the fore
limbs. This indicates that these limbs were put
to some unusual work ; and the inferences from the
teeth and the hind claw lead to its recognition as
the pulling down trees and wrenching off their
branches ; but for these operations the pelvis must
have adequate fixity, and to the weight and strength
of itself and its supporting limbs there is added a
tail so developed as to serve as a third support and
give the pelvis the basis of a tripod. Without this
view of the function of the hind parts of the
skeleton, we can only see that the pelvis is so great
and, with its caudal appendage, so weighty as to
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require the massive proportions and structure of
the hind limbs, and, reciprocally, that these be-
speak a proportionate size and weight of the parts
to be sustained; but why such development of
sustaining limbs and parts to be supported in
reference to any other action and way of life is
inconceivable. The excess of bone in the hind
part of the skeleton once recognised as relating to
the fixed point of attachment of musecular forces
working the fore limbs—to the exertion of power
adequate to prostrate a tree—and the rest of the
bony organisation becomes intelligible. That of
the hind foot has been explained : the concomitant
extent of the musecular origin afforded by the broad
scapular plate, with its many ridges, crests, and
processes, is thereby accounted for. The necessity

of the firmmness imparted to the shoulder joints by
the perfect clavicles abutting at one end against
a large * manubrium,” at the other end against the
conjoined acromion and coracoid, becomes obvious.

The fore foot retained three huge claws fo effect an
adequate grasp of the trunk or bough: for their |
due and varied application the fore arm enjoys al
the variety and freedom of movements which an
arm terminated by a hand possesses. A tree being
prostrated and its foliage thus brought within

e e B
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reach, every indication in the skull of the size,
strength, flexibility, and prehensile power of the
tongue harmonises with the foregoing teleological
conclusions. The Megatherioids, like the giraffe,
thus plucked off the folinge on which they fed.
In the ridged erowns of the grinders of the Giant
Ground-Sloth we discern the power of crushing
coarser parts—a greater proportion of twigs and
stems, ¢.g. of the foliage, than the diminutive Tree-
Sloths take. It needed only evidence of the ocea-
sional occurrence of what might happen to a beast
in the fall of a tree which it had uprooted, to seal
the foregoing physiological inferences with the
stamp of truth: and the skeleton of the Mylodon
in the Hunterian Museum shows that evidence
above the right orbit and at the back part of the
cranium.’

Those who can agree with Owen’s whole dedue-
tion as to the tearing down of trees will also accept
his ingenious explanation of the eracks in the skull
of the famous specimen in the Hunterian Collection
of the College of Surgeons.

But although this account and our observations
concerning the existing Bradypode throw light
on the structure and habits of the fossil group,
they do not tell us anything about the real an-
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cestors of the living DBrazilian Sloths. The ex-
pression so frequently used in illustrating the
relation, that the sloths of the present day are the
pygmean remains of the family which attained a
colossal development in the Diluvium, would be
wholly misunderstood were we to regard the
Bradypoda® as ecrippled Megatherioids which had
talken refuge in trees. In both cases the limbs
have attained extreme formations which exclude
“every thought of their having been transmitted the
one to the other; and we are again referred to a
primary form that lies beyond all the paleonto-
logical discoveries yet made.

The existing Girdled-animals and the Diluvial
(zlyptodons resemble one another less in structure
than in size. But also in the group of the burrow-
ing and grubbing Armadilloes (which live on worms
and insects) one is tempted to set too little value
upon the length of time necessary for their origin
than a careful consideration of the divergences
would warrant. Thus the Girdled-mouse, Chlamy-
dophorus, a native of La Plata, differs so much
from the girdled-animal proper, the Dasypus, in
spite of the most obvious relationship, that there
must be between them a whole series of transitions ;
and hence probably one or two geological periods
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between them are necessary for the development
of these transitions.

In order to arrive at a right estimation of this
and of all the other similar cases which we
shall have to allude to later, it will be well to
explain our views by a graphic example. Let us
suppose that there existed by the side of our
present one-toed horse, a three-toed form—Ilike
that of Hipparion—which possessed, in addition
to the middle toe (corresponding with the horse's
toe), other two toes, smaller, withdrawn from the
ground and which had reached a stage of entire
disuse. This is by no means a capricious idea.
For, in the same way as ‘circumstances’ led to
the disappearance of the one-toed horse in Ameriea,
circumstances might have preserved the three-toed
form in Asia or Europe, somewhere by the side of
the races that were being transformed into a one-
toed family. But even granting the existence of g
three-toed animal, a non-scientific person would
scarcely realise the length of time necessary for the
deviation and for the formation of the existing form
of horse. Hipparion disappeared from the scenes as
early as the Upper Miocene, and yet our horse was
not what he now is, immediately before our present
geological formation, as is proved by the order for-
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merly considered identical with it, and described
under the name of Equus Stenonis. This matter
we shall have to enter upon more fully in a subse-
quent chapter. Although not extending farther
back than to the Miocene, the period necessary for
this reduction of the two toes and of the meta-
tarsals to last rudiments (splint bones), was one of
enormous length. And yet the modifications that
took place during that period in the horse’s foot,
and the transformation of the dentition that accom-
panied the modifications of the foot, were but
trifling compared with the differentiations in the
group we are at present discussing (the Edentata).
There is one other point to consider as regards
the approximate length of the period. In the case
of the horse, the question was less aboul a new
formation than about parts that lapsed into dis-
use; now such parts are transmitted with in-
eredible tenacity through long periods of the earth’s
history. It is evident that more rapidity is
shown in transformations where adaptation does
not ereate entirely new organs, but merely modifies
those already existing ; thus, for instance, where it
changes running feet into elimbing feet, and in-
significant skin-ossifications into huge shields and

plates.

I
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If, accordingly, we require a very considerable
length of time—one certainly extending back into
the Tertiary—for bringing the Armadillo and Gir-
dled-mouse back to one family, we shall require at
least as long a period for the development of the
branch of Glyptodons from the common stock.
Almost precisely the same latitudes in South
America where the existing Girdled-animals find a
home, gave shelter during the Diluvial period to
the various species of the gigantic Glyptodons.
Buenos Ayres possesses the richest collection of
these very perfect fossils. They have been
admirably deseribed by Professor Burmeister,! for-
merly of Halle, who some thirty years ago went
to reside in South America ; and the deseriptions
could be made as complete as if he had been
describing the skeletons of some common existing
animal.

Glyptodon clavipes measures 2°80 m. from the
snout to the end of the tail. Of these 1-50 go to
the huge shield which covers its back and sides,
forming one piece. The skull shows an unmis-
takable resemblance to that of the Sloths, not
only as regards dentition, but also in the pecu-

' Burmeister, Annales del Musco publico de Buenos Aires.
1864.
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liar formation of the cheek-bone; however, as
regards the structure of its limbs it keeps wholly
within the limit of the Armadillo group. The
animal obtained its food by burrowing and seraping,
probably hid in caves, and protected itself from
the attacks of the not very powerful Carnivora, by
drawing its head under its breast like the arma-
dillo, its back being protected by a shield similar
to that of a gigantic
tortoise, its head by a
helmet of bony plates,
while the bony rings
of its tail were anchy-
losed, and formed a

kind of tunnel or

arched bridge of bone.

Fra. 10.—Head of Glyptodon cla- The Ant-bears of
vipes. One-tenth natural size.
After Burmeister.

South America have
an ancestor in the
Grliossotherium.  Another giant of Diluvial South
America

but without any living representatives
—1is Toxodon, known to us by its skull, which
measures 0-60 metre; it possessed a more com-
plete dentition, but nevertheless shows affinity
to the KEdentate type. Toxodon, owing to its
1solation, does not account for the existence of

e ek
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any of its contemporaries or any portion of the
living animals, and only asks us to imagine round
about him, and back to his own day, a wealth of
forms that cannot be conceived in too great a variety.

From the Tertiary strata of South America—
our knowledge of which, however, is very meagre
—we have no Edentates. In North America a few
forms, such as the Moropus (of the size of a tapir)
have been traced back to the Miocene. This fact,
and the frequent oceurrence in Nebraska of the re-
mains of Giant Sloths from the transition period of
the New Tertiary to the Diluvium, induces Marsh
to dispute the prevailing idea that the Diluvial
Edentata spread from the area of their distribution
in the south, northwards ; he maintains that it is
more probable that they migrated from the north,
southwards.

Fossil remains of Kdentata have only rarely
been discovered in Europe. We have the Macro-
therium from the Middle Miocene of Sansan
(France) with its peculiar retractile claws. To
judge from the character of its limbs, it might
have been a climber, but can scarcely have been
this, for, as Gaudry says, it cannot often have
come across trees strong enough for such exercises,
The mexhaustible beds of Pikermi (Upper Miocene)
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have furnished one huge Edentate, Ancylotherium.
Finally a few remains from the Upper Eocene of
Quercy corroborate what is demanded by our theory
and common sense. With this division of the
living world, we may be said, upon the whole,
to stand utterly helpless as regards geological
antiquity, in so far as the question refers to a
special proof for the origin of species, and the
perfectly justifiable proof of a general deduction is
not accepted.

4, THE UNGULATA, OR HOOFED ANIMALS.

The usual classification of the living mammals
furnished with hoofs into many-hoofed, double-
hoofed, and single-hoofed animals appears as
natural and self-evident as convenient. However,
it becomes utterly inapplicable and proves alto-
gether incorrect when tested by our present
scientifie principles, and when we further consider
the paleontological material that has gradually
been acquired. Of no other group have such
numerous fossil remains been found, and in no
other have so many lines been evolved from the
earliest Tertiary periods, partly up to the present ;
hence the remark of a recent writer, that *the

genus Horse is the true ““ show horse 7 of the theory
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of evolution,” may truly be applied to the whole
order. All the animals of the present age have be-
come what they are, but in scarcely any other case
1s the process of becoming so obvious, or the transi-
tion more perfect : the transition, that is, from the
less specialised dentition of the Omnivora to the
peculiar jaw of our horses and ruminants, the
disappearance of the toes of the five-fingered
primary-hoofed animals down to our two-toed
ruminants and one-toed horse.

The basis of the correct classification has long
since been given by Owen, who divided all the
Hoofed animals into odd-hoofed and pair-hoofed.
It is not the number of toes that is the characteris-
tic featnre, but the distribution of the weight of
the body upon the outer parts of the legs, or, what
is the same thing, the relation of the lengthened
axis of the leg to the middle toe. The Odd-hoofed
animals (Perissodactyla) are those with either five,
four, or one toe, but where the lengthening of the
axis of the upper and lower arm, and upper and
lower leg, passes through the middle toe, whereby
the middle toe has to bear the main welght even
where we have a three, four, or five-toed animal.
And Paired-hoofed animals (Artiodactyla) are those
where the axis passes between the middle and the
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fourth toe ; hence these two toes are more active
than the side toes, and have an almost equal
amount to do in bearing the weight. They ac-
quire strength by this funetion, while the less active
toes gradually become useless and finally disap-
pear. We have already referred to the importance
of the specialisation of the teeth, and to the sim-
plification of the limbs produced by the reduction
and disappearance of the toes, as an advance for
certain functions. And it is self-evident that the
disappearance of the toes must, in a lesser or
greater degree, affect the middle part of the hand
and foot, the roots of the hand and foot, the bones
of the lower arm and leg, and also the muscles and
other soft parts of the limbs.

Kowalewsky has pointed out an exceedingly in-
teresting cireumstance connected with the bones of
the hand and foot, and distinguishes inadaptive and
adaptive forms among the Hoofed animals, where
the toes are either partly rudimentary or have
completely disappeared. This explanation of Kow-
alewsky’'s throws some light upon the question
why so many lateral branches of the Mammalia
have died out, whereas previously we had to be
satisfied with the general supposition that these

were the very branches that had not survived in
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the struggle for existence. The case is this: the
original five-toed extremity (compare above Fig. 1,
p. 36) has, in the second row of tarsals, one bone
for every toe. If the side toes become reduced,
one of two cases may then happen to the bones of
the second row : either
they become reduced
with the toe, or they
are retained for the
remaining toe; i.c.
they adapt themselves
to the circumstances
of the limb which
changes with the toes
and add to its strength
and agility. The ex-

amples adduced by

Kowalewsky are, in g

. 11.—Left Fore-foot of the
fﬂ,ct, very mmstruetive. Anoplotherium. After Kowa-
lewsky.

In the ecase of the
Eocene Anoplotherium (Fig. 11), the first digit is
wanting up to the carpals, but the carpal bone
(1) belonging to it exists, only it is reduced and
18 of no further use. Of the second digit the
shortened metacarpal () exists, as also the carpal
(2), but both are useless.
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Now if we compare the same part of the foot
of the Peccary (Fig. 12), the first carpal has
vanished with the first toe. The second toe, of
which our illustration shows the metacarpal (1),
is withdrawn from the ground as the lateral
toe, hence becom-
ing reduced, but its
carpal (2) has not be-
come a superfluous
appendage, as in the
case of Anoplothe-
rium, it has entered
the service of the
third, one of the two

principal toes (mm,

) ; it has adapted
itself to the mew con-

ditions of its organisa-

[

tion that have gradu-
Fic. 12.—Left Fore-foot of the

ally been acquired.
Peccary. After Kowalewsky.

The illustration
shows that both animals are essentially the same
as regards the fourth and fifth carpals. In the
peccary the fifth toe is still attached to the fifth
metacarpal, as in the case of the second reduced
toe of the Anoplotherium, which has dwindled
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down to a mere remnant of the fifth meta-
carpal. But it is of use almost exclusively to
the fourth toe, and has grown into one piece with
its neighbour, 4. Kowalewsky thinks that he may
safely affirm that the inadaptive forms like the
Anoplotherium had, as a rule, a very short term
of existence, and differentiated within narrower
limits ; and that the adaptive forms possessed the
more advantageous predisposition of being further
developed, as is shown by their preservation and
transformation up to the present time.!

The first incomings of the Hoofed animals are
as yet lost in the same obscurity as those of the
other orders; they are found variously developed
as early as the Lowest Eocene strata. A single
genus, indigenous both to the Old and the New
World, possesses five toes on the fore and hind
limbs, but already showing an inclination to odd-
hoofedism, if we may use the rather strange ex-

' Filhol has uttered a decided protest against the genus
Anoplotherium. 1t is said to be plentifully represented in the
Upper Eocene by a number of sub-genera and species. Filhol
asks us to consider that the sudden disappearance of the Ano-
plotheride, without leaving identifiable descendants, may as well
be the result of emigration as of a general dying out. Still
Kowalewsky’s opinion has the advantage of being not merel v a
supposition, but one based upon a very plausible scientific
deduction.

: E 2
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pression. The animal is called Coryphodon, and is
somewhat the size of a rhinoceros. The toes are
all complete (Fig. 13); but 1 and 1v are strik-
ingly weaker, and mnr decidedly the strongest,
corresponding with the lengthening of the axis of
the shank. The form of the skull of this earliest
known Hoofed animal does not make any strange
impression, any more than do the limbs. The
full dentition (forty-four teeth) leads to the con-
clusion of its having lived upon different kinds of
food. But the brain—the cireumference of which
can be gathered from well-preserved impressions—
shows an inferior type of organisation, owing to its
insignificant size and the smallness and the fat sur-
face of the larger part of the brain. It is, in fact, the
lowest and most reptile-like brain known tous. The
diameter of the larger portion searcely exceeds that
of the spinal marrow, the middle brain being the
broadest section. Further, the form and position
of the olfactory lobes remind one of the lower
vertebrates. The length of the hemispheres mea-
sures one fifteenth of the skull, their volume one
twenty-seventh of that of a tapir of the same slze.
Hence the brain of the Coryphodon has more the
appearance of that of a lizard than of any existing
mammal. But, nevertheless, this and similar
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forms leave us very far from a proper knowledge
of the primary Hoofed animal. And the connection
between Coryphodon and the colossal Dinocerata

Fie. 14.—Coryphodon. Skull with Brain. One-fifth nat. size.
After Marsh.

(which are confined to the west of the Rocky

Mountains) also appears very indefinite. We shall
again have to return to the Dinocerata.
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The pal®montologist, therefore, meets with Odd-
hoofed animals (Perissodactyla) as early as in the
Lower Eocene strata, and distinet from the Pair-
hoofed animals (Artiodactyla). He can, in both
groups, follow a few lines up to the present, and
can thus construct the pedigrees of the existing
families, at all events in very probable outlines.
In addition to the above-mentioned general form of
specialisation—which received its fullest expression
m the ruminants and horses—we have a very
marked change as regards the predominance and
the variations of the group in the New Tertiary as
compared with the Post Tertiary periods. The
tapir-shaped and pig-shaped Thick-skinned animals
which at one time swarmed among the moist

b

forests and marshy banks, decrease in number,
while deer, antelopes, and oxen become more and
more the inhabitants of the newer formations
of forest lands and of the grassy plains—or at
least the drier steppe-lands—which became possible
with the greater comsistency of the newer con-
tinents. Deer, antelopes, and oxen have, since the
Pliocene up to the Present, steadily and very
strikingly increased in number of species, whereas
the Odd-hoofed animals have as steadily decreased.
As late as 1869 Riitimeyer—in special reference
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to the Hoofed animals—wasable to maintain, there-
fore, that, “in spite of our as yet knowing with
certainty only a very small portion of the fossil
animals, still it has come to seem at least probable
that not only the variety and very marked character
of the forms, but that the number of the species
also has continuously increased.” However, this
opinion requires modification since the discoveries
made In America during the last fifteen years,
which discoveries may, to a certain extent, be
classed with Filhol’s discoveries in France. The
Hoofed animals teach us above all things, as has
already been said, that we live in a world zoologi-
cally very impoverished.

The fossil species which have not left any
living representative of their former existence will
receive only our second consideration ; but as this
very class contains most of the genera that must
be the primary forms of the present species, we
shall best attain our object by showing the links
which connect the mammals we have around us
with those of the primordial world, by starting in
a general way from the known Hoofed animals—as
a few of the highest and still blossoming off-shoots
of a mighty tree—and thence take a survey back
towards the roots.
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Artiodactyla, or Pair-hoofed Animals.

The two main groups of the living Pair-hoofed
animals are the Pigs and the Ruminants. We have
an approximation to the pigs (above all in the form
of the molars) in the hippopotamus, which con-
stitutes a side group. The characteristic feature,
which is met with even in the earliest known
forms, is the peculiar formation of the crowns of
the molar teeth; and we shall accordingly desig-
nate the Pigs as tuberculate-toothed animals or
Bunodonta ; the Ruminants as erescentic-toothed
animals or Selenodonta. In animals of the pig
species the enamel of the surface of the crowns
shows elevations. The almost four-cornered crown
(Fig. 15, to the left) shows a front and a back wall
(v, k), an outer and inner side, an outer and an
inner front tubercle (a1), and an outer and an
inner back tubercle (ai). The tooth varies in
accordance with this scheme. Flevations of the
enamel are met with also in the ruminant type,
but present the form of a eresecent (Fig. 5, on the
right), and much deeper folds.

1. THE SUIDE, OR PIGS.
The Pigs are represented in Europe by the
widely distributed genus Sus, and a few others of
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lesser Importance, in America simply by the
Peceary, Dicotyles. From Sus we can most directly
follow the series in its earlier forms, whereas the
hog-deer of Celebes (Babirussa) and the African wart-
hog (Phacocherus) show peculiarities of dentition
which, in the Babirussa, have proceeded from new
and special adaptations; and the Phacocheerus

seems to owe 1ts existence to an unknown lateral
branch.

Fi1a. 15.—Represeniation of a Tuberculate Tooth and of a
Crescentiec Tooth.

The head of the Pig is remarkably long. Its
mode of life has played a great part in forming
this elongated shape. This is evident from a com-
parison of the Wild Boar with the Domestic Pig, or
of an animal kept in a sty with an individual—even
of the same litter—that has had to seek its food
in meadows. The more the pig has to work with
its head, by burrowing, the more it stretches the
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muscles of the neck attached to the back of its
head, and the more is the plastic part, which is
specially soft in the young animal, affected by
the mechanical influence and becomes elongated.
Further, the shape and length of the snout is the
result of the pressure experienced while the pig
is obtaining its food, but is especially connected
with the larger number and full series of teeth.

: pm - m % The

1 3
lower incisors stand out almost horizontally, as

The dental formula ' is: i g c

in the case of some of the plant-eaters, and are
adapted for eropping grasses in which the tongue
takes no part. The canines of the male animal de-
velop into fearful weapons, especially in the case of
the wild boar. The premolars are of an indefinite
character and of subordinate importance, both as
regards taking food and for chewing it. The
molars, on the other hand, both in form and
action, oecupy a middle position between the cheek
teeth of the Carnivora and those of the decided
grass-eaters; yet in structure, in spite of their
affinity to the latter, they show a closer resem-

' The milk-teeth of the Pig consist of four cheek-teeth. The

first one is not replaced, but remains in its position for some

length of time, till after the three permanent premolars have
appeared.
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blance to those of the Carnivora. They are adapted
not only for chewing but
for erunching food. Their
dentition is, in fact, that
of an animal living upon a
mixed form of food—one of
the Omnivora.

In the structure of its
foot the Pig is very closely
allied to the Peccary, which
we have already mentioned
as an example of the so-
called adaptive animal form.
However, the Peceary has
advanced farther in the
adaptation of its tarsal bones
to the two principal toes
than the Pig, in whose case
both the second and the fifth
toe still almost wholly claim
the support of the carpals,
without thereby accomplish-

ing anything particular in
Fio. 16.—Right Fore-foot the way of standing and
f ig. ; .
P running. From the relation

between the carpals and metacarpals it is evident
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that the Peccary (Dicotyles), by the simplification of
its limbs—which is advantageous for running—has
advanced farther than Sus: it is, in fact, a better
runner than the Pig, and we are fully justified in
supposing that both animals will make still further
progress in this direction. They are, without doubt,
swifter runners than were their ancestors with their
less reduced feet, and a further advantageous re-
duction will depend only upon circumstances. The
mward disposition towards this exists, but I must
beg the reader not to confound the simple word * dis-
position’ with the dangerous word ‘ tendency,’ the
play-werd of philosophers and one apt to lead over
to the idea of purpose. If, after many thousands
of years, the foot of the American Peccary and the
European Sus should have lost every vestige of its
second and fifth toes, this would be a perfectly in-
telligible, nay, a most obvious case of homaogenetic
convergence. lf, however, our Pig and Peccary
should mno longer exist for the zoologists of the
future, they would most probably regard the anti-
cipated and distinetly two-toed feet of both animals
as having been inherited.

This consideration may now lead us to the ques-
tion as to the primary forms of our living Suide.
The genus Sus is found only in the Old World, even
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as fossils, and extends back as far as into the
Middle Miocene. A powerful Boar is one of the
numerous fauna found in Pikermi. Its discoverer,
Gaudry, has given it the name of S. Erymanthius.
The line is continued through the strata of the
Eocene by the genus Paleochaerus and Cheerotherium,
still with, or rather already with, a dentition of the
Pig species, but still with less reduced, or, more
correctly speaking, still with a full number of toes.
Even Pal@ocharus typus from the Lower Miocene of
southern France shows the characteristic teeth of
the genus Pig (Fig. 17): on either side three incisors,
a good-sized canine (c¢), four premolars and three
molars. A still earlier form of the tuberculate-
toothed animal is Cherotherium, which still has four
toes almost equally developed. The “ancestral line’
of Primeval Pigs is thus evident enough for those
who choose to follow it, and is more distinet than
many a human pedigree.

Among the cousins of this family who could not
maintain an existence, and whose position is, in fact,
somewhat doubtful, are Cheropotamus, and also the
colossal animal Anthracotherium, from the Coal for-
mation, which attained the size of a rhinoceros.

America likewise possessed a line of pig-shaped
animals which may be traced from the Eocene up

[ —— —
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to the present living Peceary, and, with the exception
of a few species, is one different from that of the
primordial world. In this series we find repeated
the transformations and reduetions which we have
just followed. Marsh makes out the line from
the Focene thus: FEohyus, Helohyus, Percheerus,
Tinohyus, Dicotyles. Hence we still stand before
the unanswered questions, whether, to what extent,

Fre. 17.—Paleochcerus typus, Left Upper Jaw. Nat. size.
After Gaudry.

and in which direction (from Europe westwards?
from Asia ? or from America?) the exchange took
place, as affecting the formation of the differences
of the species ? or whether the development was a
parallel one ; Cheropotamus to the Pig, Eohyus to the
Peccary ?  Geologists are pretty well agreed that
during the Earlier Tertiary period, up to the Lower
Miocene, the Old and New World were connected by
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land, and during the Later Tertiary as well. An
exchange, therefore, may have taken place, and
certainly must have taken place up to the Eocene
period, as is proved by the occurrence of Coryphodon
in Europe and America, and of Paleotherium and
Anoplotherium in Europe and South America. DBut
for a long period, during the Miocene, there was no
connection either between North and South America
or between America and the Old World. Hence
during this period there must, in any case, have
been a further parallel development upon the same
basis, a parallel development of Pair-hoofed animals
with tuberculate teeth, where the reduction of the
toes, discussed above, was an advantage; and the
supposition of an even wider case of convergence is
perfectly admissible from a scientific point of view.

2. THE HIPPOPOTAMUS, OR RIVER-HORSE.

The Hippopotamus has to be traced back to a
similar primary form, for it is the only living
representative of the Hoofed animals with tuber-
culate teeth which has preserved the old structure

of the limbs pretty well unchanged. The still
uncut, rootless cheek-tooth (Fig. 18) somewhat
resembles a double mitre with a basal setfing, which
in front and at the back passes over into a three-
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sided shield, and has a wart-shaped protuberance
between the two halves both out and inside. Each
half consists of two almost three-sided tubercles,
which lie flat against the inner sides that are
turned towards one another. From this it is
evident that the enamel outline of the used tooth

Fre. 18.—Second Lower Molar of the River-horse, to the right.
Nat. size,

(Fig. 19) consists originally of two pairs, with the
basal line of the three corners turned towards one
another, and which do not coalesce till they have
been used for a long time.
The Hippopotamus has become almost an
amphibian in its mode of life; its skull and
L
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dentition show very little modification, and the
formation of its foot has remained very faithful to
the primary type from the Eocene, the lineal
descendants of which, unfortunately, cannot be
pointed out singly. The Eocene animals with
tuberculate teeth, and likewise the Early Tertiary
ancestors of the Ruminants, had to dwell prin-

Fre. 19.—First Upper Molar of the Hippopotamus, to the right.
EBaut little worn off.
cipally in waters and on marshy ground. Their
descendants adapted themselves gradually to life
on dry ground, and this is connected with the
advantageous reduction of the toes. The Hippopo-
tamus family has taken an opposite course, from
being an animal that liked the marshy soil of

the primeval forests, it has become almost an
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aquatic creature, and accordingly has preserved
the completeness of hand and foot, the four toes
almost fully developed. In Fig. 20 we have the
root and middle portion of the right fore-foot, and
we will here use the terms generally given to this

part of the skeleton in Man and the higher

Fi6. 20.—Hippopotamus, Right Fore-foot., After Kowalewsky.

vertebrates : s (scaphoideum) = radiale ; 1 (lunatum)
= intermedium ; p (pyramidale) = ulnare ; t (trape-
zotdewm) = carpale 2; m (magnum or capitatum) =
carpale 3 ; u (uncinatum) = carpalia 4 + 5.

A one-toed hippopotamus in the natural course
of development is an impossibility. The gradual
reduction of the toes, as already said, can be con-

L 2
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nected only with the drying up of marshy lands.
And if, by some extravagant flight of the imagina-
tion, we could conceive the existence of a one-toed
leviathan, the very fact of its possessing a one-toed
foot would be the cause of its speedy extinetion.
As regards dentition also the hippopotamus shows
signs of being geologically very old. The skull of
the unwieldy ereature reminds one of a elumsily-
formed box. The breadth and height of the muzzle
are produced by the enormous development of the
middle incisors and of the eanines. All of these
teeth are furnished with roots that are not closed,
but open wide apart. It is certainly not impossible
that these teeth assumed this form first among the
nearer ancestors of the river-horse. But it 1s more
probable still that the disposition to assume this
form was a remote inheritance, and that 1t was
only by accommodating itself to feed on aquatic
plants that, as regards position and size, the teeth
have grown into such ugly but useful tusks.

It has been already stated that the river-horse
is the only representative of its family. This
remark requires some explanation; for we have
not only the well-known and so-called Nile-horse,
which is distributed over a large portion of eentral
Africa, but there is a second species, only 5 feet




THE HIPPOPOTAMUS. 149

in length, which, among other things, is distin-
guished by the remarkable shortness of the face as
compared with the total length of the skull. This
animal, which is met with in Siberia, has been
classed apart from the hippopotamus as a distinet
species under the name of Charopsis. As, more-
over, the dentition is not quite the same, this
separation may be allowed to pass; but both
species are and remain ‘ river-horses,” and all that
has been said above applies to the smaller species
as well.

It is only quite recently that we have become
more intimately acquainted with a third species,!
the Hippopotamus madagascariensis, which, as re-
gards size—it became some 7 feet long while the
Nile horse attains 11 feet—fills the gap between
the two African species, and as regards skull and
dentition approaches very close to the Hippopot-
amus amphibivs.  Its oceurrence is extremely in-
teresting, inasmuch as it leads from Africa over to
Madagascar, where its remains were found in
marshy deposits together with those of the colossal
bird Apyornis. Its having been found in company

' Goldberg, ‘Undersigelser over en subfossil flodhest fra
Madagasear,” Christiania Videnskabs selskabs Fﬂi‘hﬂilﬂﬁiigﬂr,
1883, No. 6.
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with this bird, and the nature of the locality where
it was discovered, justify the expression of ‘sub-
fossil’ which is given to the species. It lived on
the threshold between the Diluvium and the Pre-
sent. And even granting that Madagascar and
Africa were at one time connected by land, their
separation must, nevertheless, have taken place
early in the Tertiary, and accordingly the stability
of the genus Hippopotamus is also proved from a
geological point of view. It is not only the form-
ation of the foot that points to very ancient pri-
mary forms to be looked for beyond the Tertiary
period ; but the dentition also—which had special-
ised even before the separation of the family into
the African and the Madagascar species—has varied
only to a very small extent.

J. THE RUMINANTIA, OR CUD-CHEWIKG ANIMALS.

After setting aside the, at present, very subor-
dinate group of pig-shaped Pair-hoofed animals,
and the. Hippopotamus, all the remaining forms
of this division belong to the Ruminants. As all
are, for the most part, lively and nimble annmals,
they do not, while grazing, take proper time to
masticate their food sufficiently, but hurriedly stuft
their paunch full of provision and then retire to
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some safe retreat, where they assist the digestive
process by giving the grasses and leaves consumed
a subsequent erunching and chewing. The Rumin-
ants do not bite off the plants, but tear them off,
in doing which the tongue plays an important part
as an organ for grasping, especially when long
arasses and branches have to be dealt with. In
this mere tearing off of grasses, &c., the incisors of
the upper jaw can be dispensed with ; it may be
said that with the development of meadow plants
and pastures, these teeth have in course of time
become superfluous. Only animals of the Camel
species show rudiments of the upper ineisors, and
in addition to this case, eanines have been pre-
served by the musk-deer. The crowns of the molars,
as a rule, show two transverse ridges, and, moreover,
the upper and lower molars fit in such a manner
that they can glide over one another from right to
left and also in a horizontal manner, as may be
seen In any ox or sheep ‘chewing the eud.” This
movement of chewing is rendered possible by the
condyle of the lower jaw not being sunk into a
transverse socket of the temporal bone, as in the
case of the Carnivora, or into-a furrow running
parallel with the axis of the skull so as to move
backwards and forwards, as in the Rodents, but by
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being allowed free play upon an almost level, or
even a somewhat raised surface.

All Ruminants possess the above-mentioned
typical molars with the enamel crescents running
in the direction of the longitudinal axis of the
skull, which, of eourse, present a very different ap-
pearance—within the boundaries of the generic
characteristiecs—according to age and wear. Fig.
21 shows an, as yet, uncut fourth right molar of
a calf as seen from the front and the inner side.
It seems to consist of two almost quadrilateral
prisms, both terminating on the outer and inner
side, in two curved flaps (a-1 and a—i). All the
surfaces, which pass over into various curves and
folds, one within the other, and are lost in the interior
of the tooth, consist of the, as yet, imperfect and
still somewhat soft layer of enamel. DBelow if is
the dentine, which is likewise just beginning to
develop, and round about in the depressions, between
A and 1 and a—i, we find the incomings of the
cement which is still a membraneous formation.
Now, if we take this embryo tooth and compare
1t with the polished edge of one of the already cut
front teeth (Fig. 21, 1), we shall at once obtain a
clear idea of the relation of the enamel folds and
edges of the molar of a full-grown animal. The
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transverse ridges, which fit into the depressions or
transverse valleys of the opposite row of teeth,
remain throughout life, even though, at a later age,
they may become more and more rubbed off and
level. The crescents, which become filled with
cement and are encased on the outside by enamel,
on the inside by dentine (tooth-bone), 4, 1, a, 1, are

Fia. 21.

1. Right upper molar of & ealf before it has cut the gums; i, inner =ide :
A, a, the onter lobes of enamel ; £, 4, the inner lobes,

I1. The right molar of a calf that has cut the gums, artificially ground ; from
behind and the onter side,

the transverse sections of the flaps of the same
name ; B and b are the arched-shaped spaces which
likewise become filled with cement, and were ob-
viously larger in the thin-walled, uncut tooth. If
we weigh the different possibilities of the folds of
the outer walls, the form of the erescent, the develop-
ment of the side folds and pillar-shaped processes,
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we come to understand the great variety which dis-
tinguishes the Selenodonts among one another, and
which becomes all the more marked, the more ob-
stinately the characteristic form is preserved.

But since Kowalewsky's classic works there can
be no question that the peculiarities, connected with
the reduction of the limbs, are testimonies at least
as distinctive and trustworthy for the Present and
the Past.

The majority of theliving Ruminants are divided
into the large families of the Deer, the Antelopes,
and the Oxen. The last two, as horned animals,
are more closely allied to one another than to the
deer. The goats and sheep are closely allied to
the antelopes. Apart from all these we have the
Camels, to which we shall first direct our attention,
for, at least as regards dentition, they have pre-
served a higher geological antiquity than the others.

4. THE CAMELIDE, OR CAMELS.

When Riitimeyer calls the llama a late offshoot
of the Eocene Anoplotherie, and as originating first
in Ameriea,’ he gives a proof of the utter uncer-
tainty which prevailed about ten years ago as to
the position and historical development of the two
species which, since Buffon’s day, had been regarded
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as belonging to one another. Of the two species of
camels the one with two humps is assigned to Cen-
tral Asia; the other has been distributed over a
large portion of Africa by Asiatic nomads, and
represents a peculiar mode of life. The llama
¢ vieariates’ for them. The hoofs are small, but
the foot has a broad horny sole; the skeleton of
the foot is that of a true Ruminant. The camels
differ from all the living Ruminants by the total
absence of horns and by a fuller dentition; for
they not only possess strong sharp canines, but an
incisor in the mid jaw-bone, somewhat to the side.
All the other Ruminants, without exception, have
lost their upper incisors. On this account, and
beeause of the superficial resemblance in the form
of the skull with that of the horse, camels were
formerly classed as a group standing midway be-
tween the horses and the two-hoofed animals ; this,
however, is an unwarrantable conjecture. American
investigators have, on the other hand, now made
us acquainted with a whole series of primeval
forms, according to which the camel appears to be
a very old branch of the Selenodonts.

Marsh gives us the result of his own and of
Leidy’s observations thus: ‘A most interesting
line, that leading to the camels and llamas, sepa-
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rates from the primitive selenodont branch in the
Eocene probably through the genus Paramerye. In
the Miocene, we find in Pebrotherium and some
nearly allied forms, unmistakable indications that
the cameloid type of Ruminant had already become
partially specialised, although there is a complete
series of inecisor teeth, and the metapodial bones
are distinet. In the Pliocene the camel tribe (in
America) was, next to the horses, the most abun-
dant of the larger mammals. The line is continued
through the genus Procamelus, and perhaps others,
and in this formation the incisors firgt begin to
diminish and the metapodials to unite. In Post-
Tertiary we have a true Auchenia represented by
several species, and others in South America, where
the alpacas and llamas still survive. From the
Eocene almost to the present time North Ameriea
has been the home of vast numbers of the Camelidse,
and there can be little doubt that they originated
there and migrated to the Old World.”!

' Cope, in 1877, gave a fuller account of these opinions. The
Miocene Pebrotherium possesses of grinders p. 4, m. 3. The two
elongated metapodials have not coalesced ; seven tarsals. Then
comes Protolabos still with p. 4, m. 3; the last molar is more
prismatic. The incisors also are still there in full number, but
fall out readily. Procamelus is the first to show incisors like
our present camel, yet still p. 4, m. 3. The side rudiments
of the metatarsals of Pabrofherium have disappeared, hence the
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Nothing can well be said in opposition to this.
Our illustration below (Fig. 22), gives the upper

Fra. 22.—Auchenia hesterna. Second Molar of the Left Upper
Jaw. Nat. size (after Leidy).

molar of one of those Diluvial llamas, the Auchenia
hesterna, in the natural size.

trapezoid. The metatarsals have ecoalesced and become the

!

¢ canon-bone.” Then comes Pliauchenia with jq'_‘i cheek-teeth,
By

5 o Aduchenia =t

;= =4
tinuous delay in the formation of the teeth is observed: the
teeth eventually no longer eut the gum, and finally disappear
completely, a process which is repeated in many other lines,
The occurrence of the llama in South America shows that the
causes which led to its extinction in North America did not
exist in the southern eontinent.

Camelus, A more and more con-
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5. THE CERVID.E.—DEER AND THEIR KINDRED FORMS.

Rittimeyer, in his ¢ Natural History of the Deer,’
when speaking of the characteristic features that
distinguish the various forms of deer, maintains
that the antlers are periodical, and that they are
attributes confined to the males of the species.
In looking for the relationship between the forms—
principally in the female skull, as in the case of the
Ruminants—he finds the character of the deer (as
compared with the antelopes and oxen) to consist
in the very elongated, almost cylindrical shape of
the skull. This is caused by the great length of
the olfactory tube with a lesser height of the toothed
portion of the upper jaw. The skull is elongated
and, as compared with the facial part, is less
voluminous than in the case of the horned animals;
the brow is less of an abrupt incline, the axis of the
skull straight. The character of the head of the deer
may, of course, be thus described, and Rutimeyer
has endeavoured also to characterise the antelopes
and oxen. Still, it cannot be denied that the
antlers, nevertheless, play a very great part, and
that their existence is of decided i1mportance in
the classification of the deer.

The common Roe and Red Deer furnish us with
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two examples of very different degrees of develop-
ment in the antlers of single species; and by
observing the annual changes of the antlers we can,
with almost certainty, trace the different stages
attained by the various species with less fully
developed antlers. The first sign of the coming of
the antlers in the calf, is a thickening and pro-
truding of the frontal bone, the incomings of the
permanent base of the horn. Between it and
the upper layer of skin are then formed the
beginnings of the actual antlers— ossifications of
the skin—which soon coalesce with the frontal
process, dry up after completing their growth, and
fall off after pairing time. The antlers of the first
year—the stem or beam—consist of a pair of simple
stumps with the circular ridge of bone called the
burr. The following years furnish the branches or
tynes.

This development of the antlers in the indivi-
dual case of the red deer, Riitimeyer compares with
the antlers in the historical and geological succes-
sion of stag-shaped animals, which in the Lower
Miocene are still without antlers. In the Middle
Miocene of Sansan and Ginzburg, and in the
Upper Miocene of Eppelsheim, we first meet with
an animal that is almost, but still not completely,
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a stag. Trontal protuberances very elongated,
beams with single branches are
there, but no burr (Fig. 23).
The genus has been deseribed
under various names, as Dicro-
cerus, Prox, Procervulus. The
tynes are often found broken off,
and it cannot be said with cer-
tainty where accident ends, and
the regular periodical casting off

has begun. It would seem as if
the casting had become estab-
lished from the irregular ocecur-
rence—partly the drying up of
the skin and the brittleness con-

nected with this.

Rutimeyer observes that it
is difficult to distinguish the
primary stags from the primary
antelopes, and that perhaps the
North American prong-horned

antelope which, curiously enough,

its horns annually, must be
Fro. 23.—Prox fur. CAsUs1tsho ¥s

catus. Left antler. tl‘ﬂﬁed bm::]-: to ﬂlDEB il’ldﬂﬁ]‘lit{-j

One-half nat. size. l]l‘ill'lﬁl'}’ forms. CGPE had made

the same observation in 1877 when he wrote : ¢ The
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genus Antilocapra is related to the Dicrocerus by
its pronged horns and the hairy covering of skin
which constitutes the immature stage of the horn-
sheath.” The Procervulus mentioned above was a
widely distributed genus in the Miocene period, as
is proved by the discoveries in New Mexico and
Nebraska. The genus Cervulus, which is dis-
tributed over both the Old and the New World in
about eleven different species. must be regarded as
a diluvial remnant of the genus Procervulus, by
the side of the more modern family of the Deer,
which show a further advance in the development
of their antlers. The best known representative of
the genus is the Muntjak (Cervulus muntjae) in
India and the Sunda Islands.

In the Deer, as in the case of most of the living
pair-toed animals, the two metatarsals which sup-
port the two fully developed toes have coalesced
into the so-called cannon-bone. Their limit is
indicated by a more or less distinet longitudinal
furrow on the front side, frequently also by a
deeper indentation in the lower joint. We never
meet with complete metatarsal bones for the two
outer toes that are removed from the ground. The
modifications which prevail in this respeet, within
the group, appear of very little importance and

M
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interest when considered by themselves, but when
taken in connection with the geographical distribu-
tion of the animals, are of great significance. As

Fic. 24.

A. Loft fore-foot of the Red Deer. B Left fore-foot of the common Roe,
¢, Cannon-bone; m, metacarpals ; p, upper phalange. €. Eecond row of
tarsal and metatarsal hones of the Gelocus, After Kowalewsky,

examples of this we may take the red deer and the
common roe (Fig. 24). The rudimentary toes in
both cases consist of three phalanges. In the red
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deer the first of these is smaller than the other
two, whereas in the roe the first one is of the pro-
portionate size. Now this arises from the fact that
the rudimentary digits of the deer have become
entirely detached from the metacarpals, and that
only the rudimentary upper end of it remains
(1, m). The roe still possesses the lower portion
of this bone (8, m) and, moreover, in connection
with the first phalange. The red deer is a  plesio-
metacarpal ’ cervide, the common roe a tele-meta-
carpal’ cervide. All the thirty-nine known species
of Cervide, confined to the Old World, are con-
stituted like the deer with the exception of the two
species ¢f roe and the hornless Hydropotes in
China, with which we have only recently become
more intimately acquainted. These three latter
species, however, as regards the construction of
foot, are allied to the American deer. Of the
twenty American species with tele-metacarpals, one,
however, the Wapiti (Cervus canadensis), is not
related to the others, but to the Europe-Asiatic
group.

From the formation of the foot, therefore, we
find an almost perfect means for distinguishing the
specise. And this leads to the very natural supposi-
tion that the American deer developed in the New

M2
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World, and the Europe-Asiatic species in the Old.
It is only the ancestors of the Roe and the Hydro-
potes that must not be looked for in the Old World ;
they are scattered members of the group from the
other side of the ocean, like the Canadian species
which, in the days when the two continents were
connected by land, separated entirely from their
Europe-Asiatic cousins. It is found in the Qua-
ternary strata of Europe, e.g. in those of Louverné,
near Le Mans, where it lived as a separate family
by the side of the red deer, but soon afterwards,
for some unknown causes, vanished from this
locality and reappeared in the New World.

The reduction of the side toes and the dis-
appearance of the one or the other ends of the
metacarpals took place after the still four-toed and
ceologically older stag-shaped animals had acquired
antlers. This may have been the course taken !
by their development, unless we are fo assume
that the antlers appeared in different localities as
a parallel formation, yet not till after the separation
of the older hornless Ruminants, which likewise
showed a reduction of the limbs spoken of above.

The latter case is very probable, and must be |
drawn into the eircle of combinations, for in Gelocus '|
we have become acquainted with a very ancient

|
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Ruminant of this kind, out of which both plesio-
metacarpals as well as tele-metacarpals forms might
have developed. Gelocus is an adaptive species of
Ruminant from the FEocene. The skull as yet
scarcely shows the character of the ruminant, but
the molars are already reduced to &, whereas other
genera of the same age show . The two principal
metatarsals (Fig. 24, ¢, 1, 1v) have coalesced
along almost their entire length; the metatarsals
of the side toes have, however, disappeared in the
centre (Fig. 24, 1, v), and only the lower and
upper ends remain (m). Animals of this kind
might have descendants with feet of the Deer
species, another with feet like the Roe. At all
events, deer and roe, both of these well-known
denizens of our forests, have been strangers to one
another from very remote times, strangers as
complete as the Canadian stag (the Wapiti) is to
all the other American Cervide.

An intermediate position between them is oceu-
pied by the Elk and Reindeer. Both are cireumpolar
species, and both, as regards construction of the
foot—as tele-metacarpal species—are allied to the
deer of the New World, the reindeer, moreover, by
the form of the nasal cavity. Our material is at
present too fragmentary to enable us clearly to
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survey both sides. But all of these observations,
which we owe principally to Sir Vietor Brooke,'
confirm Riitimeyer's remark that the form and
development of the antlers can only very cautiously
be made use of as a means for a strict classification
of the Cervidz.

Even though animals with antlers are met with
as early as the Miocene, still the more complete
development of true Deer belongs to very recent
periods, and this explains their geographical dis-
tribution in the main. In addition to the cireum-
polar reindeer and elk, Rutimeyer, agreeing with
Brooke, reckons twenty species to America and
thirty-nine to the Old World, many of which are
certainly doubtful. An exchange between East
and West scems evident, and yet, as we have seen,
it was extremely limited. The remarkable want of
deer in Africa beyond the desert, would have to be
explained, with Wallace, by the fact that there must
have existed obstacles almost insurmountable to
the animals when they first began to distribute ;
on the other hand, antelopes and even giraffes
had either already passed the open road south-
wards, or, owing to their organisation, had gra-

I Brooke, * On the Classification of the Cervides,’ Proc. Zool.
Soc. 1878.
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dually overcome the difficulties presented by the
desert.

Zoologists have always classed the Musk Deer
and the Dwarf Musk Deer (Tragulide) with the true
stags, although they are hornless animals. In
doing this they have allowed themselves to be led
by the general impression that the possession of
antlers is not determinative of the relationship ;
this had already been affirmed by Alphonse Milne-
Edwards in 1864, and has been proved by theiwr
connection to the fossil forms that have now been
brought to light. From these annexed groups the
Hyemoschus aquaticus, which lives on the west
coast of Africa, is of great importance as the con-
necting link between the present and the remote
past. Our Figure 25, A, gives the left fore-foot of
this animal. IHyemoschus is also a decided two-
hoofed animal, although the two middle metacarpals
(1, 1v) are entirely separate, and although the
two outer metacarpals (1, v) are perfectly com-
plete and the two lateral toes are developed and
connected.  Hyemoschus thus proves itself an
adaptive form, inasmuch as the two toes that are
no longer of use have ceded their right to the
tarsals, to the principal toes, and thus increased the
strength of the latter. The skeleton of the fore-
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foot of the Hyemoschus appears a slight modifi-
cation of that of the Miocene Hyopotamus (Fig.

g%

A, Left fore-foot of Hysemoschus aguatieus,
&, Bame foot of Hyopotamus, After Kowalewsky,

F1g. 25
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25, B). There both outer toes are still somewhat
longer and stronger. Trapezoid and os magnum
have not yet coalesced ; the metacarpals m and v
are still connected with the earpals. Upon the whole,
however, the differences between the living and the
Miocene representatives of the pair-hoofed group
are so slight that Hyemoschus may be called a
surviving form of primary ruminant.

The hind limbs of the Hyemoschus are more
changed than the front limbs, owing to the two
principal metatarsals having almost completely
coalesced. A greater reduction of the hind limbs
is often met with: for instance, the peccary has
only one rudimentary toe on its back foot, whereas
there are two on the fore-foot. This difference in
the construction of the front and back limbs is, we
think, to be explained by the greater amount of
work which the hind legs have to accomplish ; for,
as was said above, we look upon a reduction of this
kind as an advance in the power of the adaptation.
But, while we are naturally led back from our
present Deer and Tragulide to those early four-
toed Hyopotamide, we do not in any way mean to
affirm that up to the Middle Tertiary all animals of
the Ruminant group without horns or antlers
possessed the full number of four toes. On the
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contrary, it is found that the Anoplotherium from
the Focene of the Paris limesione, which has left
no descendants, shows scarcely any traces of the
second and fifth toes; and by the side of the
Hyopotamus, with four-toed feet, there existed the
distinetly two-toed Gelocus,' whose extremities are
almost as much reduced as the Deer ; and the same
is the case with Diplopus. It would be rash to
attempt to determine, among all these varied forms,
which was the actual and definite primary form for
the Deer or any other living group of the Rumi-
nants ; still, any attempt to explain the striking
relation between the past and present forms, other-
wise than by means of the theory of descent and
in accordance with .Darwin’s prineiple, cannot be
expected from us. The share which homaeogenetic
approximation may have taken in this connection
has already been discussed.

The same result is obtained by the condition of
the teeth: and, as in the case of the limbs, the
teeth must not be examined in the Deer by them-
selves, the whole group of Ruminants must, first
of all, be compared with the foesil forms.

Among our living Hoofed animals the Giraffe

! Filhol, * Mammiféres fossiles de Ronzon, 1882, Gelocus,
Ancodus, and others ; their Relation to Hyopotamus.
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occupies a perfectly isolated position. Apart from
its strange shape—the result of a lengthening of the
vertebre of the neck—and of the different lengths
of its fore and hind limbs, descriptive zoology
has very rightly laid stress upon the frontal deco-
rations which adorn both sexes, and which have
been said to be neither horns nor antlers. The
two horn-like unbranched protuberances are
covered with a hairy skin which never dries up as
in the case of the deer, and hence they do not fall
off periodically. These skin-covered bony protuber-
ances cannot, however, be compared to the bony
protuberances of the Oxen, as might be supposed,
that is, to the processes of the frontal bone covered
by the horn sheath. On the contrary, like the
antlers proper, they begin as ossifications of the
skin, and grow precisely in the same manner as
antlers, but never become perfectly attached to the
frontal bone. In order briefly to distinguish the
character of the formations it may be said that—

Hollow-horned animals have frontal processes
without antlers,

The Deer processes with antlers,

The Giraffes antlers without processes.
Hence Ritimeyer calls the giraffes ¢ a most fantastic
form of deer.’
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Like the lions and gazelles, the giraffes of
Africa are probably immigrants from the South of
Europe. Among the Mammalia buried at Pikermi
is a species, Camelopardalis attica, almost the same
size as the African variety. Unfortunately its skull
is not known. The disproportion between the
hind and fore limbs seems to have been even
greater in the fossil species. Further traces lead
us to the Siwalik hills in India. Numerous re-
mains have enabled Gaudry to restore the com-
plete skeleton of a genus closely allied to the
giraffe—the Helladotherium—which lived in herds
in Miocene Attica, and owing to their great size
must have been characteristic figures in the land-
scape of the primeval world.

It was customary to class with the above the
colossal Indian Sivatherium, which possessed a pair
of simple horns in front, and a second branched
pair. And yet our conjectures with regard to its
affinity with the Giraffe are uncertain, and Riiti-
meyer thinks that the Sivatherium points as much
to the Antelopes, as the Giraffes to the Deer. Our
knowledge of two other Indian species, the Brama-
therium and Hydaspitheriwmn, 18 as yet so fragmen-
tary that it is wiser not to make any conjecture

as to their relationship.
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The Giraffes stand close to the Deer, not because
they have branched off from the deer, but because
the unknown ancestors on both sides showed a
disposition to certain reductions and convergences
of a similar kind.

(. CAVICORNIA, HOLLOW HORNED ANIMALS,—ANTELOPES
AND OXEN,

The horned Ruminants, which are grouped
round the Chamois, Sheep, and Oxen—and hence
furnished with horn-cores rising from the frontal
bones, and a horn sheath—would appear to any-
one to form a natural group. And even those who
have not studied the subject would undertake to
distinguish a Gazelle, as the representative of the
Antelopes, froman Ox. The gracefulness of its whole
appearance, more particularly of the horns, the
smallness of the head, the slender shape of the legs,
sharply distinguish the Antelopes from the Oxen,
whose horns stand at the outermost point of the
brow, whose skull is unwieldy in form, and whose
legs (in keeping with the rest of the skeleton) are
anything but graceful. However, when we examine
the different families in any good collection, we
shall find that by the side of the prevailing type
of the slim antelope, there are various kinds of
cow-shaped forms, with head and limbs in no way
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resembling the Gazelles, yet almost all with horns
strikingly different from those of Oxen. Finally,
the gnu completely breaks down any systematic
boundary, for by the form of its hindquarters and
tail it resembles the horse. And into this group
sheep and goat have to be brought. We can, it
is true, distinguish them among one another by
the characteristic traits of the family ; for instance,
by the peculiar form of the skull. The ram, owing
to the form and solidity of the nasal, lachrymal,
and frontal bones, is able to give and to receive
those tremendous blows of forehead against fore-
head which would break the skull of the male
goat. But there are sheep with goat-like horns;
and an animal that is clearly a sheep from the
form of its skull has up to within recent times
been called the musk ox.

These resemblances—it may positively be as-
serted—do not proceed from recent derivation or
crossings, but must be traced back—except in the
case of the closely allied Sheep and Goats—to con-
vergences. Moreover, the Antelopes—the most
varied group of the living Ruminants—have not
been so carefully studied in connection with their
nearest fossil relatives as the Oxen.!

1 Riitimeyer's valuable investigations of this group may here
be mentioned.
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The distinguishing feature in the skull of the
ox is most strongly developed in our domestic

Fi1a. 26.—8kull of a Short-horned Bull.

siFrontal bone; n, nasal bone ; o, upper jawbone ; z, mid jawbone,

e -




176 THE MAMMALIA,

animal belonging to the genus Bos (Fig. 26). Here
the parietals are pushed eompletely back from the
top, or all but a small portion, to the &b‘rupt
incline at the back of the head. From a front
view, or looked at from above, they cannot be
seen at all. On the other hand, the frontal

bones (Fig. 26) form great plate-shaped cover-

Fia. 27.—8kull of the Gazelle (Antelope arabica).

&, Parietal ; f, frontal bone ; 2, mid jawbone,

ings to the forehead, and the bony processes rise
upon their outer edge. As compared with the
skull of an antelope (Fig. 27), the skull of our
domestic ox has reached the extreme of a formation
which is still repeated pretty perfectly in the
individual development of the calf to the cow. It
consists in this: that in the calf the skull is still
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rounded, the frontal part is not, as yet, elongated,
and the erown portion still forms actually a part of
the upper covering of the skall. Only upon the
appearances of the horn-cores and the lengthening
of the frontal bones do we find the first indication
of the abrupt rising up of the main back wall.
The calf is therefore still antelope-shaped as
regards the formation of its skull, as is shown in
Fig. 27, where the whole length of the parietal
bones are still to be seen from above, and the horn-
cores do not occupy the backmost or outermost
corner of the frontal bones. Sheep and goats also
keep within the boundary of this type of the Ante-
lope family. Calf and cow, therefore, again corro-
borate the most important proposition of our doe-

trine of descent: that the individual development

is an abridged repetition of the historical develop-
ment of the species.

On the accompanying table of Rutimeyer’s we
have the sub-families of the Oxen classed according
to the form of their skulls. It begins with the
buffaloes, which, as regards skull and the position
of their horns, have deviated least from the Ante-
lopes, and closes with the domestic ox, whieh has
differentiated the most. We gather from this
table—which contains the quintessence of all the

N
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Tipvran View oF THE Fossin axp Livixe Oxex
(AFTER RUTIMEYER),

|i | ‘i[.;::{f:rs Fleistocene ! Living
| |
1. Bubalina | |
Bubalus | caffer
antiquus | brachyeceros
Buffelus sivalensis | indicus (domestic.
' 0x)
sondaicus
Pallasii
Probubalus | triguetri-
I | rostris

I

-: -

[ I antelopinus | (Anoa) celebensis
l Amphibos | acutiformis

11. Portacina
Leptobos | Falconeri |
| Strozzi Frazen
IIT. Bibovina |
Bibos | etruscus Palso- Gaurus
' Gaurus
? (Gavmeus |
| sondailcus |
indicus
grunniens (Yak)
IV. Bisontia |
Bison | sivalensis priscus !mtm]ﬁmus
latifrons americanus
V. Taurina
Bos planifrons | namadicus
primigenius | taurns f. primi-
genius
f. trochoeerus
|

e — e

investigations made on the subject—that our know-
ledge is still meagre enough, inasmuch as at the
Pliocene stage—where true oxen are first met with
—we already find the transition from the buffalo
to the ox in its narrower sense. The different
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European oxen ! have all, perhaps, to be traced back
to the Diluvial Urus, or wild bull (Bos primigenius),
and the races which branched off as early as the
Diluvial period.? If, in accordance with the above
standpoints, the skull of the domestie ox, of the bison,
the yak, and the Indo-European buffalo, be com-
pared with that of the antelope, it will be found that
the resemblance to the antelope will become more
and more apparent. Thus the bison (Fig. 28) is
still so like the ox that, as we shall see, it might
be doubted whether one of our races, the Dux
cattle of Eastern Tyrol, is to be traced back to the
wild bull or to the bison. On the other hand, the
Anoa of Celebes, which Rutimeyer calls the Probu-
balus celebensis, is indeed still an ox in all its out-
ward characteristies (‘ the dwarf of the ox family ’),
but is a complete antelope as regards the position
of its frontal and parietal bones (Fig. 29). This
agreement in the outward parts must scientifically

! The three most important races of oxen which have to be
traced back to Bos primigenius are :

Brachyceros race . . . Appenzell cattle
Primigenius race . . . Holland cattle
Frontosus race . ‘ " . Bern cattle

* A good sarvey of the investigations and opinions as to the
origin of the domestic ox is given in Frithling's Landwirth-
schaftlicher Zeitung, Feb. 1878; Pagenstecher, Studien zum
Ursprung des Rindes.

N 3
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be regarded as a convergence, in the skull as an

homology.

Fis. 98.—Skull of the Bison americanus. After Wilckens.

It has been stated that the separation of the
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antlered from the horned animals is met with first
in the Miocene, or, in other words, that deer and
antelopes are difficult to distinguish before that
period. Later we have the branching off of the
oxen, but we cannot eclosely define the point of

Fig. 29.— Skull of the Anoa. A ter Riitimeyer.
s, Parietals ; 7, frontal bone,
attachment. In the Lower Miocene and Eocene,
the Ruminants are represented by distinetly pair-
hoofed and erescentic-toothed animals, which,
although absolutely without horn-cores on the
frontal bones, are distinguished by a wvery full
dentition without gaps, some being without the
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prominent canine teeth which serve the others as
weapons. An early Selenodont (erescentic-toothed)
animal of this kind for the primeval pair-hoofed
croup—one which, like the Hyopotamus, does not
belong distinetly to any special type—is the genus
Cainotheruwn, an animal of the most graceful shape ;
we have probably a correet picture of its appear-
ance in the living dwarf musk-animals (Fig. 30).
That Cainotherium and its relatives, e.g. Xipho-
don, Xiphodontheriwm, were Ruminants, cannot be
doubted from the position and nature of the
tranverse ridges of their molars, also from the
character of the joints of the jaw upon which
depends the peculiar action of the grinders. The

1 4

dental formule 1s ¢ ?, c P opm g, and in most

gl
specimens they stand in closed rows in both jaws.
Now our present hollow-horned animals have no
incisors in the upper jaw, and no canines either in
the upper or lower jaw, and, moreover, they occur
in the upper jaw only in some species of deer. The
diminution of the teeth—a very general pheno-
menon—must, therefore, have taken place gradu-
ally in the course of ages. How and when this
occurred, Filhol ! has very clearly pointed out with

I Compare p. 64, note 2,
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respect to the above-mentioned animals. The
Cainotheria, to judge from the quantities of their
remains, must have lived in herds after the
manner of the Antelopes ; hence hundreds of skulls
and thousands of lower jaws could be compared.
Further, an extraordinary variability was found

Fio. 80.—Skull of Cainotherium metopias. Nat. size (after
Filhol).

in the eanine tooth (Fig. 80, ¢), and in the front
premolars. The normal row of teeth, i.e. the teeth
inherited from early times, begins to show gaps ;
a small gap occurs between the canine and the
first premolar ; the latter then moves towards the
canine ; frequently the second premolar follows ;
both thus obviously become useless, and the next
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stage is their total disappearance. Further, we
then see indications of the brow weapons, in
correlation with the loss of the canines. [Iilhol
here reminds us of the proposition expressed
even by Aristotle, and formulated again at the
beginning of this century by Etienne Geoffroy St.
Hilaire with regard to the balancing of the organs
(balancement des organes). With the loss of the
front premolars, the permanent molars become
more regularly developed, and it is thus that the
now typical ruminant jaw has been farther and
farther developed ; the ancient form—owing to
complete rows of teeth and the more marked
canines— still, in some measure, resembled the
jaw of the Omnivora and the Bunodonts (animal
with tuberculate teeth).

From Filhol's observations we find that this
process of the gradual formation and the fixing of
the gap in the dentition of the Ruminants has
repeated itself—that, at first, individual modifica-
tions became established by inheritance, and led
to the formation of races. And although we
cannot, In every instance, trace the given advan-
tages connected with the modifications, and that
led to the selection, still, as was shown above, we
have some idea, as well as some explanation, of
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the advantages, and they account for the gradual
disappearance of the primary groups and for the
origin of new species.

In America we find the same ecircumstances.
Antelopes and oxen have, it is true, decreased in
a remarkable manner among the present American
fauna, but the abundance of the fossil forms is so
great that we can scarcely find fault with the
patriotism of the American naturalists, when we
find them, in this case also, claiming their country
to have been the cradle of this group of Hoofed
animals. Of purely American types we will name
only the very numerous family of the Oreodonta,
which combines traits of the pig-shaped pair-
hoofed, or thick-skinned animals, i.c. the large
canines as weapons, and molars of the ruminant
type. They were so numerous in the Middle Eocene
that one stratum has been called after them, and,
together with this force of numbers, they show
that tendency to differentiate into races and
species which seems to be characteristic of pri-
mary forms.

Although America was rich in the still indefinite
precursors of our present Ruminants, it has re-
mained absolutely unproductive as regards Oxen.
For even the Diluvial ancestor of the North Ameri-




186 THE MAMMALIA.

can bison might be disputed as belonging to America.
This naturally touches upon extremely important
points in anthropology and the history of civilisa-
tion, particularly in connection with the other eir-
cumstance that the line of horses was broken off
precisely at the point where the American Man first
appeared on the scene ; and moreover when he was
still in so rude and helpless a state that he could
not have brought either one or the other of his
fellow-workers with him from his Asiatic home, to
aid him in his further advance in ecivilisation.
Hence the same phenomenon, as was shown above
to have occurred in Australia, has been repeated
here, even though in a less striking manner. Even
at the beginning of our century, buffaloes (Bison
americanus) crossing the prairies were to be counted
by hundreds of thousands. Nothing points to the
fact that the American aborigines ever made any
attempt to tame these wild creatures. It would
seem rather that throughout the whole of North
America the Indian was, In a manner, chained to
the buffalo, and that from year to year he had to
pass from one pasture to another with the animal.
Hence it wag impossible that the higher civilisation
of a settled life could take the place of a huntsman'’s
career. Only those tribes which wandered from
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the north southwards, to central and to one part of
South America, could attain any comparatively high
development of civil life ; and this was owing to the
more favourable climatic ecircumstances, and to
various species of llamas having been made use of
as domestic animals.

The introduction of oxen and of horses from
Europe was the beginning of the end of the Ameri-
can bison. The bison has found its biographer in
Professor Allen,' who has clearly pointed out its
relation to the Diluvial races; and as regards this
relation Allen arrives at a somewhat different con-
clusion to what Rutimeyer? does. The earliest form
is the gigantic Bison latifrons from the Diluvial strata
of North America, where also are found the remains
of mastodon, megalonyx, mylodon, and others. It
produced species (races?) not very different from
one another, the Bison antiquus of the New World,
and the B. priscus of the Old World. The latter
1s the progenitor of the Europe-Asiatic urus or
wild bull ; the Bison antiquus, which lived contem-
poraneously with the Elephas primigenius, is the
progenitor of the Bison americanus.

It 1s very probable, as already remarked, that

! Allen, The American Bison. Cambridge, Mass., 1876,
? Bee above, p.178.
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the original inhabitants of America did not make
any attempts to tame the buffalo. At all events,
they did not succeed in doing so. Very different
have been the results of the attempts of the Euro-
pean immigrants, who have repeatedly been engaged
in this task since the middle of last century, They
have succeeded pretty easily in obtamming a cross
between the wild and the domestic animal, by
allowing the captured young ones to grow up in the
herd ; and it seems certain that this will produce
a strong cross-breed. A Mr. Thompson, who, ac-
cording to Allen, had watched the attempts at
domestication of the unmixed species during fifty
years, has expressed his conviction that the animal
is capable of being employed for work as well as
for yielding milk, while the earlier attempts at cross-
breeding were made principally with a view to the
horns and skins of the animals.

Under these circumstances, it seems natural that .
the question should arise as to whether one or the
other race of the European ox must not be traced
back to the bison. All those who have carefully
studied the question declare the bison to be unfit
for domestication, and have referred all the different
races of the domestic ox—with the exception of
the yak—to the genus Bos distinguished by the

R ————
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characteristic formation of the forehead. Wilckens
alone! has drawn attention to the resemblance
between the skull of the short-headed cattle of
Fastern Tyrol (Dux) and that of the bison, and
thinks that further investigations would furnish a
complete proof for this derivation.

Perissodactyla, or Odd-hoofed Animals.

The Odd-hoofed animals are at present repre-
sented by three groups: Tapir, Rhinoceros, and
Horse, all of which are poor in species. The re-
duction in the fore and hind-foot has advanced
farthest in the horse; the middle toe, owing to the
complete disappearance of the others, has become
the sole support for the weight of the body. There
exist only the mere rudiments of the metatarsals
of the second and fourth toe. The tapir comes
first with four toes on the fore-foot, and three on
the hind-foot; the rhinoceros has three toes on
both the fore and the hind limbs, and both these
groups have preserved very ancient characteristic
features. But in spite of its transformation having
advanced so far, no other mammal of the present

1 Wilekens, * Ueber die Schiidelknochen des Rindes aus den
Pfahlbauten des Laibacher Moores, 1877 (Communicalions to
the Anthropological Society of Vienna),
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day can show as distinet or regular a pedigree as
the horse. By means of the accompanying table
we will endeavour to solve our problem. The con-
nections are, upon the whole, so simple and clear
that, although palmontologists may differ in the
explanation of the relationships, these differences
refer merely to subordinate points.

TABLE SHOWING THE CONNECTION BETWEEN THE ODD-HOOFED ANIMALS.

Pregsent Time Tapir Rhinoceros Horse
Dilwvium Elasmotherium Pliohippus
) Hipparion Protohippus
Tapir Rhinoceros
Aceratherium Anchitherium Miochippus
Miocene Mesohippus
Pal@otherium med. Orohippus
Lophiodon 4+ Palmotherium  Echippus
o SO P D —_ )
Eocene Palmotheride (four and three toed)

Anti-Eocene odd-hoofed animals

1 American line of horzes.

1. TAPIR AND RHINOCEROS.

Of Tapirs we have two or perhaps three species
in South America, and one in India. Their
favourite haunts are moist forests. Their dentition
is very complete in spite of a considerable gap
between the canines and molars. The dental for-

Rl 4.3
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The incisors and canine teeth are, as usual, not
of any special form or construction, whereas the
cheek-teeth show a very peculiar type by the
marked character of two transverse ridges, the tops
of which, both inside and outside, become tolerably
sharp tubercles (Fig. 82). The ridges of the upper
teeth are situated on the front and in the middle

Fic. 31.— Skull of the Tapir (Tapirus americanus).

n, Nasal bone ; ¢, bony wall separating the nasal cavities,

of the erown ; they fit into the grooves of the lower
molars, where the back ridge rises from the back
wall of the tooth. The grinding movement peculiar
to the Ruminants can be accomplished by the tapirs
only in a very slight measure; on the other hand,
their teeth are specially adapted for erushing vege-
table substances, which can also be roughly cut by
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the sharp ridges of the crowns of their teeth.
Although the fore-foot of the tapir possesses four
perfect toes, still, from an examination of the
skeleton of the foot, it becomes evident at once that
the second toe from the inner side, corresponding
with the middle toe of the five-toed limb, 18 more
strongly developed than the rest, and that it stands
in that peculiar position which we have shown to

2%

Fic. 32.—Back Molar of the Lophiodon parisiensis, on the left
from below.

A, i, Front and back outer tubercle ; J, i, front and back inner tuberele.

be the distingnishing feature in the Odd-hoofed
animals. A five-toed genus with the middle toe in
this position has, as we have seen, been preserved
in the Coryphodon from the Eocene formation.
Now, as the lowest known tapir-shaped animals
possess at most four toes, the unknown primary
forms must, of course, be looked for in the secon-
dary divisions. The tapir, in addition to having
lost the inner toe, has also lost the fifth toe; this
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is another instance of the law laid down on p. 169,
that the hind extremities are more readily and
more frequently reduced than the fore limbs.

In the tapir we have an animal from the Early
Tertiary period that has remained almost wholly
unchanged, one of those species which have been
called permanent, and which are more frequently
met with in the lower animal world. They do not
prove the invariability of the speecies, but prove
only that under certain ecircumstances the stability
of the species can be of an extremely long duration.
In the Miocene the genus is represented by several
good species. In the Middle Eocene, we have in its
place the Lophiodon, which is characterised by a
still greater simplicity of the ridges of the teeth,
and, as regards appearance generally, may have
been scarcely distinguishable from the tapir. The
European Lophiodonts naturally, in the first place,
lead over to the Indian caparisoned tapir. The
American ancestral line of the tapirs is more com-
plete. Two genera, Helaletes and Hyrachyus,
closely related to Lophiodon, belong to the Eocene.
They may be called tapiroid forms. Ata somewhat
later period appears Lophiodon, one of the few
genera we have in common. Still more tapiroid
in form is the Miocene Tapiravus, which in the

0
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Post Tertiary is followed by the tapir itself. That
the animal migrated to its present home in South
America is probably certain. Now Eocene races
existed in the Fastern as well as in the Western
Hemisphere, whose origin and separation is in-
deed unknown, but the form and character of
the feet and teeth would require but small
changes to produce the genus Tapir. Hence 1t 1s
here again merely a matter of opinion (owing to
the present state of our knowledge) whether, with
Marsh, we consider it more likely that the original
home of the tapirs is assigned to the New World,
and that they are supposed to have migrated to
Asia, or vice versd; or again, if, with Carl Vogt, a
parallel development is considered the more prob-
able hypothesis.

By the side of our present tapirs, and unmistak-
ably allied to them in the formation of foot and
dentition, stand the Rhinoceroses, which are dis-
tributed over Southern Asia, with its large islands,
and Africa. The head weapons are solid horny
projections of the nasal bone, which rise into a
flat hump within equalities of the bone substance.
From this characteristic feature it can in most

cases be determined whether the fossil animals of

the Rhinoceros species possessed horns.
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Throughout the whole of the Diluvium and the
Tertiary period up to the Palmotherie and Lio-
phodons, there existed rhinoceroses, or hornless
animals closely related to them. Midway in the line
stands the hornless Aeeratherium. Its connection
with the Paleotheride and the Tapiride becomes
at once apparent from an examination of the skull;
still, a diminution of the front and canine teeth
has taken place. In fact, the whole family of the
Rhinoceridee, up to the present day, shows more
variability of the incisors and canines than any
other group. The dental formula of the Acerathe-
svQ. 'i"_

- 1 . 7
the fore-limbs it stood closest to its five-toed an-

rium is Also by possessing four toes on

cestors. Aceratherium is followed upwards by the
true rhinoceros with enlarged nasal bones capable
of supporting heavy horns. In several of the
Diluvial species—above all, in Rhinoceros ticho-
rhinus," which ranged across Central Europe as far
as the Asiatic Polar Ocean--the otherwise gristly

' A rhinoceros, with a bony partition between the nostrils,
lived in Europe with the mammoth up to the period of Man, and
its fossil remains, like those of its contemporary, helped our fore.-
fathers in their conception of giants and dragons. On the market-
place in Klagenfurt is a very old stone image of a dragon, the

head of which has most unmistakably been modelled from the
skull of Rhinoceros tichorhinus.
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partition between the nostrils became a firm bony
support for the horn, an ossification, which 1s not
unfrequently met with in the tapir, as was shown
on Fig. 31.

America, too, had its family of Rhinoceroses,
which seem to have branched off from the Middle
Focene Tapiride, and comes forward distinetly in
the Upper Miocene as Aceratherium. Forms similar
to it are found in the Pliocene, but did not leave
any descendants to the following period. The
causes of its extinetion in the New World are not
clear. But the reason of the dying out of the
Diluvial species in the Old World, or its withdrawal
from the temperate zones to tropical regions, seems
to be pretty obvious. For even though individual
forms—such as the rhinoceros with the bony par-
tition between the nostrils—were, like the mam-
moth, able to endure a rougher climate, still they
were not able to face the coming of the Glacial
period. What prevented them withdrawing before
it we certainly do not know; still we may, at all
events, look upon them as having been the vietims
of climatic changes. Others, which were able to
avail themselves of the land bridges for with-
drawing southwards, survived.

An animal of the rhinoceros type, which was
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perhaps a contemporary of Man, and one of the
most gigantic phenomena of the primeval world, is
the Elasmotherium. 1t likewise possessed a bony
partition between the nostrils, and was armed with
an immense horn, as is proved by the rough and
huge elevation on its forehead. Its skull is over
three feet in length. The form of the molars, with
elaborately folded plates of enamel, is another

F1e. 33.—8kull of the Elasmotheriam., One-twelfth nat. size.
After Brandt,

peculiarity. This giant of the Diluvial period was
also unable to preserve its existence. The few
remains—among which is an almost complete
skull

have scarcely been found anywhere except
in the southern basin of the Volga.

The size of the present animals of the Rhinoceros
species, and of most of the primary species, will
seem less striking if we take into consideration the
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smaller species of bygone days, for instance, the
Llinoceros minutus.

Before passing on to the most docile and
important group of the Odd-hoofed animals, the
horses, let us first turn our attention to a few of
the American forms, which are distinguished partly
by their size and partly by the, in most cases, very
unusual form of their skull ; in the struggle for exist-
ence these animals, however, neither changed nor
left descendants which adapted themselves to eir-
cumstances. Their existence reminds us of the
Elasmotherium, inasmuch as they neither explain
the present (hence in reality stand apart from our
subject here), nor do they awaken in us other ideas
for understanding the organiec world; but they
bear witness to the incredible exuberance, we may
almost say the capriciousness, of organie produc-
tivity during the Late Tertiary and Diluvial periods
while the animals were becoming extinet, and
which periods were followed by our Present age,
with a certain stability of the inorganic and
organic worlds. In this stabilify of forms, moreover,
we see one of the preliminary conditions of the
morphological and social development of mankind.

The lowest strata to the east of the Rocky

Mountains contain the remains of the Brontotheride,
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aigantiec animals, whose bodies exceeded that of the
elephant in bulk, but they had shorter limbs with

-
,___\n.i\ﬂ
Negupt

Fi1a, 34,

A, BSkull of Brontotherinm ingens, One-tenth nat. size. n, Nazal bone
i, mid jawbone; m, upper jaw; j, cheek bone; f, frontal bone:
s parietal bone ; e, condyle,

fi. The same looked at from above, with the brain given in outline. After
Marzh.

four toes on the front feet and three behind. The
skull (Fig. 84), which is elongated after the manner
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of the Rhinoceros species, shows a pair of bony
protuberances (the supports for mighty horns) on
the upper jaw, In front of the eye-cavities, and prob-
ably the nasal bones and the intermediate space
between the horns permitted the addition of a
proboseis.

Both in the case of Brontotherium as well as
in some members of the family of the gigantic
Dinocerata, to be spoken of presently, the relative
size of the brain to the skull is known from fossil
impressions. According to these the size of the
actual brain substance must have been extremely
small (Fig. 34, B.). Its extent reminds one of the
relative proportions of the reptile brain, and points
to an incongruity which must certainly have had
its effect upon the dying out of this and of similar
species. It was in this manner that all the huge
reptiles of the middle geological periods became
extinet, especially as land animals. The few huge
but small-brained reptiles of the present day, such as
the erocodiles, clearly owe their existence to the fact
that they have continued to live in water, also to
their marked stability. A transition to life on land
would lead to their extinction.

From the circumstance that one of the more

recent strata of Oregon containg the remains of a
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perhaps kindred genus, the Chalicotherium—which
18 discovered also in Western America, in China,
India, Greece, Germany, and France—Marsh con-
cludes that the places where these remains were
found were the stages by which, in this and other
cases, the so-called ¢ Old World ® received its animal
forms.
2, THE EQUIDE, OR HORSES.

On Fig. 35 we have a drawing, made by Owen in
1857, to explain to his audience the derivation of the
one-hoofed animal from its three-hoofed ancestor, a
drawing which has been made use of countless times
since then by recent writers. The three-hoofed
animal is the Paleotherium medius discovered by
Cuvier ; in outward appearance the foot is precisely
like that of the tapir, but possesses four toes on
its fore-foot, and thus represents an earlier form.
The Paleotheride are essentially Eocene ; to judge
from their teeth, they obtained their food like the
tapirs, and (with a numerous kindred) inhabited
the marshy forests which had originated with the
upheaval of the weird depths of the Jura and Chalk
oceans. They, too, had found their way to
Southern America. It is, we know, perfectly use-
less, at the present state of our geological know-
ledge, to endeavour to determine by means of
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which land-bridges this migration took place; all
that can be done meanwhile, 1s to trace the line
of the desecendants of the Palmotheridse, which, it
seems, soon came fo an end in South America, but
became very numerously and continuously de-

jU G
wx_
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Fie. 35.—Pal@otherium. Hipparion, Horse (after Owen).

p, First premolar ; #, first molar,

veloped in North Ameriea; and in tracing this line
we must do so independently of those branches
which run parallel with them in Europe and Asia.

Paliotherium is a distinetly three-hoofed animal.

Certainly the middle toe is somewhat larger than
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the two side toes, which, although shortened a
little, and accordingly somewhat more perpen-
dicular, yet fully touch the ground, and take
their share in the work as bearers of the weight
of the body. Now in the genera which gradually
arose in the course of time— Paleotherium, Anchi-

theriwm, Hipparion, and Horse—we can trace how

the two side toes, 11 and 1v, were more and more
withdrawn from the ground, and became rudi-
mentary, whereas the middle toe increased in size,
stretched out, and finally became that of the Horse,
the incomparable runner and fellow-worker of man.
Owen looks upon this as a providential transforma-
tion designed for the benefit of mankind : we look
upon it as an adaptation to the formation of the
ground, to the incoming of plains, which originated
during the Tertiary period. Thus in Anchitherium
aurelianense (Fig. 86), which is still met with even in
the Eocene, the tips of the outer toes are scarcely
withdrawn from the ground, hence might still have
been of use to the animal in walking through a less
firm soil.

The Hipparion also, from the Middle Tertiary,
possesses the lateral toes (Fig. 85), but these are only
rudiments of the original toes. They have become
wholly useless, and in accordance with this mnaction
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the bones of the middle foot
have also become shortened, and
are on the way of becoming
rudimentary. In Hipparion the
adaptation of an animal once
accustomed to marshy ground,
to one which lived on firmer
ground with extensive meadow
lands has become completed ;

we have, 1n fact, the transforma-

| tion from a slowly-moving into

a swift animal. It ranged from
’(\'7\ Central Europe as far as Central

Asia, and in both countries lived
in enormous herds, as we learn

i from Gaudry's graphic picture of

the Miocene uplands of Pikermi.

The transition from Hip-
parion to the Horse is a very
natural one. The two side toes
—which are no longer of use to
the organism, and
vet had to Dbe

Fia. 36.— Left hind-foot
of the Anchitherium.

v One-half mnat. size,
After Kowalewsky.
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nourished—have been eliminated as ballast. They
are not yet quite cast off. The metatarsals, or
so-called ‘splint bones,” are still attached to the
middle toe. The horse of the future will certainly
have cast off these rudiments, even though it may
take a few millions of years to accomplish this,
owing to the extraordinary perseverance with which
organisms drag about with them these useless in-
heritances. The Hipparion has not even yet
wholly disappeared from the scenes of life.

Now and again horses have been met with, with
more than one toe, which must not rashly be
considered as a malformation ; it is simply a proof
of that repetition of or reversion to the original form
which In scientific language is called atavism.
This kind of Hipparion-horse, which is looked upon
by the common run of people as a curiosity and
monstrosity, has, as Siebold' has shown, been
repeatedly exhibited at horse-markets. The fol-
lowing is a deseription of an animal of this kind
given by Frank, Principal of the Veterinary College
of Surgery at Munich : ¢ The so-called splint bones
(the metacarpals and metatarsals of the second
and fifth toes) are not reduced to the same extent.
On the fore-foot the mediale (de¢2) is the least

' Siebold, Hipparion auf Jahrmdrkten. Miinchen, 1881.
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reduced, on the hind-foot the lateral (me 4) 1s the
least reduced, as even Hensel pointed out. Now
cases of atavism are not unfrequently met with in
the horse, where the medial splint bone on the
fore-foot has a digit more or less distinetly de-
veloped. And as the hoof of this second digit never
touches the ground, and, accordingly, 1s not worn
off in any way, the horn-substance becomes long
and irregular, precisely as in the case of the lateral
toes (the second and fifth) in old cows. Atavisms
of this kind on the hind-foot are of extremely rare
oceurrence.

¢ When it was said above that the horse no longer
shows any trace of rudimentary toes, this is not
altogether correct ; the rudimentary hoofs do still
exist. Thus the so-called ‘chestnut,” a flat horny
wart on the skin above the carpus, seems to corre-
spond to the hoof of the lost thumb; at all
events, I found it in cases where a second digit
existed. Another formation that must be included
here, is the so-called “spur.” This spur is a small
eylindrieal horny substance, which m our present
horse is concealed by the hairy tufts of the fetlock.
It seems to represent the coalesced horn-shoe of

the rudimentary second and fourth toe of the

horse.
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‘ During the sixth decade of the present century,
there was exhibited in Munich a horse under the
name of a “stag-horse,” which had veritable hip-
pavion feet. The splint bones of the four extrem-
ities had digits, that is, toes. The so-called
““ chestnuts " existed on all the four limbs, and were
strongly developed, whereas all the four ¢ spurs”
were wholly wanting.! On the fore-feet the medial
side-hoof (second digit) was most fully developed,
on the hind-feet it was the lateral or fourth toe. As
the side-hoofs of all the extremities did not reach
the ground, and hence were not worn, they had
grown to a considerable length, and were bent like
horns. Such cases are of great rarity ; still they
had been observed even in earlier times. The
famous Bucephalus of Alexander the Great is said
to have been an animal of this kind. Moreover,
the atavism is said in some instances to have been
transmitted to the offspring, which of course is very
probable. It is more than probable that from a
single animal of this deseription a breed of Hip-
parion-horses might be reared. There would,

' This observation would certainly support the opinion, which
we are inclined to doubt, that the * chestnuts ' and spurs’ were
rudiments of the first, second, and fifth hoofs. If, nevertheless,
I hold to my doubt, at all events as regards the atavism of the
thumb, I do so because it would be a unique phenomenon,
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however, be absolutely nothing to be gained by
such reactionary measures.’

The same indications of the transformation
from Paleotherium to our present Horse—in an
uninterrupted line from the Eocene to the present
—are manifested by the teeth. In connection
with this point we must first of all mention
viitimeyer's classic studies on this question,' wh ich
have been admirably supplemented by Forsyth-
Major. Owen had already recognised the change
in the formation of the jaw that accompanied the
transformation of the organs of locomotion. The
teeth of the Palmotheride, which show less com-
plicated folds of enamel, and are adapted for
erushing juicy plants, gradually change into the
pillar-shaped molars of the horse, which, owing to
their strength and the foldings of enamel, are
suitable both for grinding corn and for chopping
aritty grasses. The principal parts of the erowns
are given on the accompanying drawing (Fig. 87).
FEven from Owen’s illustration it is evident how the
complicated enamel lines of the horse's tooth
originated from the simple tracings on the tooth

of the Focene animal. The much more careful

! Riitimeyer, Beitrdge zur Kenntniss der fossilen Pferde,
1863.
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comparisons of recent times have shown us these
changes down to the minutest detail ; and from the
geological series, which is being made more com-
plete year by year, the complex formation of the
horse’s molars beecomes perfectly intelligible from
the outlines on those of the Palmotherium. Riiti-

Fra. 37.—Right Upper-jaw Molar of the Horse.

it &, v, h, Ountside, inside, front, back ; M, m, front, back crescent ; P, p, larger
and smaller inner pillar ; &, 7 inner main- and side-fold, After Branco,

meyer further gives special proofs that the species
in question transmitted the relative peculiarities of
their molars to the milk-teeth of their offspring
and descendants, whereas the descendants tru-n-.-;;
mitted the new inheritance specially to the molar
teeth.
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It is only in its historical connection that the
peculiarity of the horse’s dentition acquires a
peculiarly significant interest, and—as in the case
of the three-toed foot—when viewed apart from the
historical course of its development, seems simply
an incomprehensible peeuliarity, of no importance
either to the horse itself or to the horse fancier
Paleotherium, Anchitherium, and Hipparion pos-

sess, when full grown, seven cheek-teeth above and

below on both sides of the jaw, p i, n _j On the

other hand the normal formula in the horse’s den-

iy ; 3 SN 2
tition is p tq’ m s it changes only three of its

milk-teeth, and gets three other molars. Now it
has long since been known to breeders and veterinary
surgeons that, pretty frequently, the horse’s row
of cheek-teeth begins with one stump too many,
the so-called ‘wolf's tooth® (on Owen’s drawing
marked by the letter p). This most perfectly ex-
presses the fact that it occupies the place where,
in Paleotherium among others, we have the first
premolar. When it appears in the horse, however,
the ¢wolf's-tooth’ is not deciduous. It is most

obviously a tooth in the last stage of disappear-

ance, an irregularly appearing descendant from the
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days of a full dentition, and its disappearance
probably stands in causal conneetion with the
increased strength of the other teeth.

Before discussing the American line of horses,
let me here quote W. Kowalewsky’s opinion regard-
ing the connection between the genera mentioned
above ; his remarks are as careful as they are con-
vineing : ‘ Nothing is further from my intention
than to maintain that the animal which we call
Paleotherium medium directly produced an Anchi-
therium, the latter an Hipparion, and so on. But
among the number of individuals which we call
Palzotheride, there must always have been some
forms which would incline more towards the Anchi-
therium than the others. In the same way I have
been able to determine—owing to the large number
of species I was fortunate enough to be able to com-
pare—that among the Anchitheride a few still
remained completely within the limits of the species,
although they showed some characteristics by which
they resembled the Horse on the one hand, and the
Pal@otherium on the other. A fewtriflin g ﬂattenings
of the bones, certain peculiarities of a joint which
are met with in some individuals, are not to be found
in others. Without doubt there was at one time a
transition between two individuals which resembled

P2
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each other most; but to expeet, as is generally
asked by those who believe in the invariability of
species, that we should be able to show the last
Palseotherium, and his descendant the first Anchi-
therium, is to demand an impossibility. An origin-
ally normal charaecteristic sometimes begins not to
occur, then it becomes unimportant, i.e. is found
wanting as often as it oceurs, then it appears rarely,
and finally disappears completely. Thus, for in-
stance, the small front premolar of Palmotherium
is smaller still mm Anchitherium, but still occurs
regularly ; in the Hipparion it is met with as often
as it 18 found missing, and in our present Horses
it 1s extremely rare (as the “ wolf's tooth ™). This
very careful comparison of the differences in the
dentition has been further worked out by Kowa-
lewsky.!

We have now again to turn to Ameriea, to the
well-known fields of discovery to the right and left
of the Rocky Mountains, where to all appearances
a group of Odd-hoofed animals lies buried, much
more numerous in members than the group in the
Old World, showing no gaps, and terminating with

the horse. Compare the table on page 190. The

1 W. Kowalewsky, ‘Sur 1I'Anchitherium Anurelianense Cuv.,’
Mém. de U Académie imp. de St. Pélersbourg, 1873.
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line begins in the Early Eocene with the Eohippus
of the size of a fox, which possessed, in addition to
the four well-developed toes of the fore-foot, the
remnants of a fifth., According to a remark of
Marsh's, this animal, in foot and dentition, al-
ready shows unmistakably that with it commenced
the branching off of the progenitors of the horse

o L

ar

Fi1a. 38.—Foot of the Fossil Horses of North Ameriea.

, Orobippus ; b, Mesohippus ; ¢, Miohippus ; J, Protohippus ; ¢, Equns,

from the other Odd-hoofed animals: ‘in the next
higher division of the FEocene, another genus
(Orohippus, Fig. 38) makes its appearance, replacing
Eohippus, and showing a greater though still dis-
tant resemblance to the equine type. The rudi-
mentary first digit of the fore-foot has disappeared,
and the last premolar has gone over to the molar
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series. Orohippus was but little larger than
Eohippus, and in most other respects very similar.

“ Near the base of the Miocene we find a third
closely allied genus (Mesohippus), which is about as
large as a sheep and one stage nearer the horse.
There are only three toes and a rudimentary splint
bone on the fore-feet and three toes behind. Two
of the premolar teeth are quite like molars. The
ulna is no longer distinet, or the fibula either, and
other characters show clearly that the transition is
advancing. In the Upper Miocene Mesohippus is
not found, but in its place a fourth form (Mio-
hippus) eontinues the line. The genus stands
close to the Anchitherium of Europe, but presents
several 1important differences. The three toes in
each foot are more nearly of a size, and a rudi-
ment of the fifth metacarpal bone (of the second
series) 1s retained. All the known species of this
genus are larger than those of Mesohippus, and
none pass above the Miocene.

‘ The genus Protohippus of the Lower Pliocene is
still more equine, and some of its species equalled
the ass in size. There are still three toes on each
foot, but only the middle one, corresponding to the

single toe of the horse, comes to the ground. This

genus resembles most nearly the Hipparion of
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Europe. In the Pliocene we have the last stage of
the series before reaching the horse, in the genus
Pliohippus, which has lost the small hooflets and
in other respects is very equine. Only in the
Upper Pliocene does the true Equus appear and
completes the genealogy of the horse, which in the
Post-Tertiary roamed over the whole of North and
South America, and soon after became extinet.
This occurred long before the discovery of the
continent by Europeans, and no satisfactory reason
for its extinction has yet been given.’!

So far Marsh, and, owing to the quantity of his
discoveries, he proclaims the horse, above all the
other hoofed animals, to be clearly a native of
America. That the European line discussed above
is more incomplete is very evident ; however, it must
be assumed that with further discoveries the differ-
ence will be equalised. And, indeed, an important
beginning has already been made during the last
few years. The gap between Hipparion and Equus,
which clearly existed, and was filled up in the Ame-
rican line by Pliohippus, no longer exists in the Furo-

pean series either. For Forsyth-Major * has pointed

' Marsh, The Introduction and Succession of Vertebrate Life
in America (1877).

? Forsyth-Major, *Rivista scientifica industriale, 1876,
Kosmos, ii.
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out that the races from the Quaternary period of
Upper Italy, classed together as Fquus stenonis,
include all therequired intermediate stages between
Hipparion and our present Equus caballus. It is
of the utmost interest to be able to prove that in
Equus stenonis the reduction of the side meta-
tarsals preceded that of the tarsals: for while the
metatarsals do not differ from those of our present
horse, the tarsals show all the intermediate stages
between Hipparion and Fquus caballus ; they have
not yet had a sufficient length of time to accom-
plish the complete change which renders the foot
of our horse so eminently more suited to the
activity of the one-hoofed animal than was the
FEquus stenonis. In fact, it may be affirmed that
in the case of the Diluvial horses, the splint bone
(i.e. the rudiments of the metatarsals 1 and 1v)
had not yet coalesced with the mid-foot, which
coalescing of the bones oceurs in our present horse
with its seventh or eighth year.!

! Nehring remarks, on the other hand, that in our present
horse, the splint bones do not coalesce nearly as often as is sup-
posed, and that, for instance, among the skeletons in the Berlin
collection, the coaleseing is the exception, the non-coalescing the
rule. That, therefore, the supposed difference between the Dilu-
vial and the present horse is not an essential one, and that it

need only be admitted that the coalescing of the splint bones
gecurs more frequently in the domestic horses of the present
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That the two groups, the European and the
American, run parallel, perhaps without any inter-
course during the longest of the Mid-tertiary
periods, must not only be admitted as probable,
but be granted as possible. The probable coloni-
sation of America by the original inhabitants of
Asla took place before they had learned to make
use of the horse as a domestic animal. In
America the Horse no longer existed then. It
may be that the long-continued ice-formations
of the Diluvium had forced it to leave the high-
lying plains to which it had been accustomed,
and driven it to regions where it sueccumbed in
the struggle for existence. The Spaniards re-
introduced the horse to the New World, and now it
there also fulfils i1ts mission as a companion to
man—i1f we may for once use a teleological ex-
pression. In addition to all this, however, it must
also be stated that the American members of the
genus Horse have never advanced as close to our
present horse as the Diluvial members of the Euro-

pean family; hence, that the true horse of our

than in the Dilavial horses. Now, as Nehring, among other
things, proves that the splint bones of the Diluvial horse, of
Westeregel, are considerably larger and longer than they are
usually found in the domestic horse, the circumstances we en.
deavoured to prove above remain essentially the same,
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day—FEquus caballus—never existed in America
before its importation. Branco! has lately pub-
lished a very remarkable treatise on this subject.
He has shown that in the Fguus andium—which
lies buried in the voleanie tufa of FEcuador, and is
of the same age as the Diluvial Pampas horses and
the species found i the caves of Brazil—the eye
is placed considerably deeper, whereas in the Equus
caballus 1t has moved considerably farther back.
Here, again, it is our grand Goethe—a naturalist
not nearly often enough quoted, in spite of what
an eminent Berlin orator may say— who sixty
years ago pointed out this ideal character of the
horse from an artistico-scientific point of view, and
thus anticipated the wearisome labours of paleon-
tology. Goethe’s words are?: “ In the horse’s head
of the Elgin Marbles (of the Parthenon), one of the
most splendid relics of the grandest period in art,
the eves stand out freely and are placed near the
ears, whereby both senses, sight and hearing, seem
to act together directly, and the sublime creature
is enabled to hear as well as to see what is happen-

ing behind it. It looks so majestic and spirituel,

! Branco, Die fossile Sdugethierfauna von Punin und Ecua-
dor, von Reiss und Branco. DBerlin, 1883,

* Goethe, Ueber die Anforderungen an naturhistorische
Zetchnungen (1823),
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almost as if it had been formed contrary to nature,
and yvet the artist has, in reality, given us a pri-
meval horse, whether he saw it with his own eyes
or conceived it in his mind ; to us, at all events,
the animal seems depicted in the spirit of the
highest form of poetry and reality.’

The horse, in all its various forms of develop-
ment, from the dwarfish pony to the Percheron
and the huge English cart horse, has been regarded
as a single species ever since it was found in the
service of man. We talk only of different races
of Equus eaballus., The taming and breeding of
horses may be said certainly not to have taken
place for thousands of years after the time when
man first came mnto contact with the animal. The
period during which prehistoric Man, in Europe,
fed chiefly upon horse flesh is that which has also
been called the Reindeer period, owing to the wide
distribution of that animal. This division of time
follows the period of the fullest development of the
mammoth, and was in many localities—e.g. in
Central France—extremely favourable for the in-
crease of the genus Horse, in spite of an evidently
rough climate. Nowhere in the world are such
accumulations of remains found as near Solutré in

the neighbourhood of Macon to the north of Lyons.
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The lower stratum of this remarkable deposit con-
tains a whole fauna of larger and smaller mam-
mals—mammoth, cave tiger, lynx, cave bear, brown
bear, cave hyena, wolf, fox, polecat, marten, bad-
ger, Canadian deer, primeval ox, horse, hare, and
saiga-antelope. All the hones are broken and
mixed up together ; and the rude flint implements
likewise found there, also point to the fact that the
grass-eaters fell vietims not only to the teeth of the
beasts of prey, but to the hand of huntsmen as
well. In the upper strata the mammoth and his
huge flesh-eating contemporaries disappear from
the scenes. Primeval Man entered the Reindeer
period from the Mammoth period, and thereupon
horses were slain by the thousand.

The opinion which found favour in France that
the horse of Solutré had been tamed and domes-
ticated is untenable, as has again lately been
pointed out by Piétrement, who has carefully con-
sidered the question in all its bearings.! Never-
theless, the horse from Solutré is of great interest,
as we most probably have in it one of the races
which subsequently became domesticated, and which

left descendants that probably still exist. The pieces

! Piétrement, Les chevaux dans les temps préhistoriques el
historiques. Paris, 1883.
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of skeletons found at Solutré point to the so-
called Ardennes horse, one of the long-headed races
of the domestic horse. One feels tempted to look
round and see whether there are not other
horses that approach as close to the Solutré branch.
In doing this we think, in the first place, of the
small horse that lives in a semi-wild state on the
Carmargue, in the delta of the Rhone. There also
exist in Alsace the last offshoots of an old race of
this kind. In stature and proportions these ani-
mals resemble large ponies. The head, in the
specimens which seem most purely to represent
the race, is large and ugly, but the body, in spite of
the want of actual care, is well formed ; the limbs
very powerful. The animals, which are good-
natured and easy to manage, perform extraordinary
feats i the way of drawing weights. At times,
when there 1s little work doing, they are kept for
weeks in the meadows to the east of Schlett-stadt,
and are met with, in fact, in other districts besides
Schlett-stadt as far as the Rhine.

To throw proper light upon this possible con-
nection, 1t would be necessary to make the most

careful examination and measurements of the
various parts of the skeleton, and this has not vet
been done. How this would have to be done has
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been shown very recently by the distinguished
authority on the Diluvial mammals of Central
Europe, Professor Nehring of Berlin, in his ex-
ceedingly interesting studies on the fossil horses of
the German Diluvial deposits, and their relation to
the living horses.! The Italian paleontologist,
Forsyth-Major, had, somewhat previously, mm an
admirable manner, compared the Diluvial horse in
Italy with the present animal. In order to obtain
a good starting-point for an investigation of this
kind, it is necessary first to understand a few of the
principal species of the domestic horse. Of these
we require only the two groups in which, according
to French investigators, the domestic horse appears,
and into which, moreover, the eight races may be
subdivided. In the horses of the principal Oriental
race, the portion of the skull covering the brain is
strongly developed, the facial part of the head is
smaller, which ecircumstance is expressed mainly
by the breadth of the forehead. The mnner side of
the crescents of the molars of the upper jaw
(Fig. 87) has a covering of enamel with but few
folds; the bones of the limbs are graceful, but

of a very firm structure. An admirable represen-

' Nehring, Fossile Pferde aus deutschen Diluvialablagerungen
wnd ihre Beziehungen zu den lebenden Pferden  Berlin, 1884,
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tative of these qualities is found in the Arabian
horse.

“The Oceidental Horse,” says Nehring—following
Frank of Munich, who was the first to distinguish
this main race—*shows itself, as regards the two
first mentioned points, to be the exact reverse of the
Oriental horse ; for its distinguishing character is
the much larger development of the facial portion
of the skull, as compared with the part covering
the brain. The skull seems to be comparatively
long and narrow with a small breadth of forehead.
The rims of the eye-cavities stand somewhat for-
ward. The enamel folds of the so-called crescents
of the molars of the upper jaw are very complicated.
The bones of the limbs of the Occidental horse are
of a thick and massive build, while in structure
they are less substantial and hard than in the case
of the Oriental horse.’

To this Occidental race, in Germany, belongs
our common-middle-sized horse, which of late years
has been more and more set aside to make room
for a mixed race; for the State and private persons
have taken the breeding of horses into their own
hands and introduced foreign animals, more par-
ticularly of the Oriental species. Thus, for example,

during some decades, crossings from the Arabian
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breed, especially with the famous stud at Graditz
near Torgan, was systematically encouraged in the
distriets on the Elbe In Saxony.

The heavy horse of Central Germany has been
termed the Equus caballus germanicus by Sanson,
and by Piétrement after him. There were only
uncertain conjectures as to ifs origin, yet the
general opinion appeared to be that, like all the
medium-sized and larger European races, it was of
Asiatic origin, and that it had been tamed and
introduced by different nomadic fribes in prehistoric
times.! This question, which claims our whole
interest, for it affects the history of the noblest of
our domestic animals, has advanced one stage in
clearness. Nehring has undemiably proved that a
Diluvial horse of Central Germany—numerous re-

mains of which have been discovered at Westeregeln

i «The Roman suthors, Cmsar in particular, distingunish in
Gaul and Germany between a native race of horses, which was
small and unremarkable although hardy, and between foreign
breeds that were larger and nobler in appearance. And many
other writers of ancient and later times speak of foreign horses
in contradistinction to the native breeds, so that there is, pro-
bably, no doubt that there existed in those days, in Germany,
two races strikingly different in outer appearance. That the
amall native race must be traced to the tamed wild horse of
Furope, may probably be considered as certain, so that the only
remaining question is, of what origin was that foreign horse, and
whence did it come to us ? '—Al Ecker.
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near Magdeburg, and at Thiede in Brunswick—
tallies in all characteristic features with the heavy
Oceidental horse. Henee it had not been introduced,
but had been tamed and reared by our ancestors
from the wild race which they found there. This
narrow-browed animal lived also on the Rhine, in
the neighbourhood of Remagen; ‘in the form of
its skull and the rims round the eye-cavities it
resembles our old medinm-sized lowland races.’
Nehring sums up his views regarding the Ger-
man Diluvial horse and its relation to the present
tamed and wild races, in the following passage of
general interest: ¢The Diluvial horse of our
country, like that of the neighbouring Huropean
lands, was an untamed, wild animal which roamed
about, and seems to have lived in especially large
numbers in the districts round the Hartz Moun-
tains. These distriets, during one distinctly longer
division of the Diluvial period, possessed a vegeta-
tion of the steppe species and a corresponding
climate. The forest had become greatly reduced
during the Ice period (i.c. the first ice period, if we
are to admit of there having been two). On these
steppe-like tracts wild horses lived in large herds,

together with jerboas, steppe-susliks, logamys, hare-

rats, numerous wild mice, and other characteristic

Q
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inhabitants of the present steppes beyond the
Volga.!

¢ Their existence was now and again endangered
by a few isolated lions, also by wolves, whereas
hyenas (remains of which are not unfrequently
met with at Westeregeln) probably seized only the
carcases and scarcely ventured to attack the live
horses.

¢The worst enemy of the Diluvial horse was
man. We know by numberless investigations, that
the human inhabitants of Central and Western
Europe in those days lived almost entirely upon
the hunting of horses ; the bones and teeth—very
probably the skins, hair, and sinews also—were made
use of in a variety of ways.’ Nehring, whom we
have been quoting, goes on to say how all this was
done, what proofs we have of the occasional visit
of nomadic tribes to certain localities, and how a
regular system of breeding arose aradually from
single attempts, and then adds:

‘Those of my readers who are accessible to
scientific proofs will, I hope, find my detailed com-
parisons sufficient to convince them that an essen-
tial portion of our so-called heavy (common) horses
must be traced back to the heavy, thick-boned
Diluvial horse.’

1 Compare above, p. 76, fol.
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The horse from Solutré, and the thick-boned
animal of Central Germany, are two local races
very nearly related, but yet distinguishable. There
is another race which has been found most com-
plete round about Schussenried in south-western
Wiirtemberg ; it has been described by the eminent
man of science, Fraas, who also gives an account of
many of the other Diluvial inhabitants of that dis-
trict. This horse is distinguished by its compara-
tively broad forehead and by the gracefulness of its
limbs, and hence agrees in important points with
the Oriental domestic horse. Now there have been
discovered in many of the prehistoric deposits of
the Bronze period, the remains of a tamed, thin-
boned horse, which has universally been supposed
to be of Asiatic origin. It cannot well be doubted
that this horse was imported by the tribes that
overran Europe from the East; yet it is equally
possible and probable, that a portion of the slimmer,
tamed horses of the Bronze period had been pro-
duced through the taming of the broad-browed
Diluvial horse of South Germany.

4. THE PROBOSCIDXE, OR ELEPHANTS,

The eireumstances of nutrition which determine
the general character of the dentition and of the

q 2
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structure of the feet of animals, account for the
fact that the trunked-animals have always been
classed with the genuine hoofed animals ; but any
attempt at a closer definition of the older system,
with its many-hoofed animals and thick-skinned
animals, always led to the isolation of the ele-
phants. Their dentition shows no link whatever
with those of the present animals. And in causal
connection with the dentition we have the strange
shape of the skull, and again connected with the
latter the development of the proboseis, which in a
wonderful manner ecounterbalances the weight and
awkwardness of the head and neck. Probosces are
met with in other mammals: thus we have the
lip-finger of the rhinoceroses and the prominent
lip and nose of the tapirs and of the saiga-antelope.
Moreover, our excellent anatomist Burmeister
(whether rightly or wrongly I do not venture to
say) has equipped the Macrauchenia, probably one
of the horse family from the Pliocene deposits of
Patagonia, with an appendage resembling an ele-
phant’s trunk (Fig. 39).

Be that as it may, at all events our present Ele-
phant is one of the strangest and most enigmatical

forms, which, moreover, must have impressed

uncivilised nations in an extraordinary manner,




THE PROBOSCID.E, OR ELEPHANTS. 229

We do not put much faith in the Indian legend,
according to which the monsters which the
Great Spirit destroyed by lightnings, and which
died without leaving offspring, were Mastodons

(which existed in America as the earliest contem-

Fia. 39.—Macrauchenia patagonia. After Burmeister.

poraries of man), still, A. W. Schlegel as early as
1883 ! pointed out in one of his classic inquiries
that the influence exercised by the elephants upon
the imagination of the Hindoos was positively all-

' A. W. Sehlegel, Indische Bibliothek, 1823,




230 THE MAMMALIA.

powerful. The Hindoos marvelled at everything in
the animal, not only at its sagaecity, which made it
seem to them the embodiment of the god Ganesa,
but also—and more justly than we—they admired
the neatness of its feet.

Its zoological singularity is, as already stated,
mainly centred in the character of its head. To-
gether with an unusually small breadth of head,
the facial portion shows a remarkable height. The
narrowness is caused by the very limited number
of teeth. In the upper jaw there are only the two
tusks (incisors) and one molar on either side: in
the lower jaw there are molars only, powerfully
developed, it is true, but, as regards length, show
comparatively far less dimension than is seen in
the full dentition of a grass-eater. All the more
powerful and higher are the roots, not only of the
tusks but of the molars. The latter are changed
six times, so that the succeeding teeth from be-
hind and below claim a position in the inside of
the jaw till the animal is tolerably advanced in
years. The structure of the molar, even when
worn smooth by use, shows it to be an exceedingly
perfect apparatus for erushing leaves and grasses.
Zoology terms it ‘complex.” It appears to be

formed of a large number of high and narrow
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cases of enamel which are filled with dentine and
joined into one mass by cement. This account of
the formation of the tooth, which is universally
accepted by descriptive zoology, is, however, as we
shall see, not correct, and very unnecessarily makes
the gap—which does exist between the Elephants
and the other plant-eaters—appear greater than
need be.

Even Cuvier distinguished among the Elephants
a group of fossil trunk-bearers, perfectly of the
elephant type, but with a more complete dentition ;
the molars, although less large than those of the
elephants, being characterised by nipple-shaped
eminences or tubercles in pairs, forming a number
of transverse ridges. Cuvier called the genus
Mastodon.! A mastodon tooth of this kind (Fig.
40) presents nothing specially striking apart from
its often remarkable size. The erown, however, is
distinguished by the extraordinary strength of the
connecting layer of enamel which does not pene-
trate in folds into the interior. Now, as three

molars of this kind with huge tuberculated crowns

! The most important contributions on this subjeet are:
Vacek, * Ueber dsterreichische Mastodonten und ihre Beziehungen
zu den Mastodonten Europa's,” dbhandlungen der geologischen
Reichsanstalt, vii.: most admirable also is the chapter on the
¢ Eléphantoides * in Gaudry's Mammiféres tertiaires.
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are met with in a row at the same time (for
instance, in the widely distributed Mastodon angus-
tudens) ; and as, moreover, they follow upon one
another as milk teeth and permanent teeth ; and,

further, as several typical mastodons of this kind

Fi1s. 40.—The used Molar of Mastodon angustidens.
ma’y, b6, co!, Transverse ridges ; one-half nat. size,
have, besides the upper tusks, lower ones as well,
and between them other two smaller incisors,
this species of dentition moves wholly within
the limits and forms known to us. The mastodons

referred to are those of the Middle and Upper
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Miocene, which survived longer in Ameriea than in
the Old World, and one of which continued to exist
up to the period of the Diluvial deposits and turf
formations, most probably even up to the prehis-
toric times of the human race. This is the so-

called Ohio animal, the Mastodon giganteum.

Fia. 41, - Portion of a Molar of Mastodon elephantoides.
One-half nat. size. After CIift.

As early as the Upper Miocene we meet with
animals of the Mastodon species, with molars, the
ridges of which are much more sharply defined and
resemble rows of miniature roofs (Fig. 41), inas-
much as they consist of numerous small tubercles,
which almost coalesce with one another. The tops




234 THE MAMMALIA,

of these tubercles become more or less rubbed off
with age. Only in some cases are the furrows
between the ridges of the tooth somewhat filled with
cement. These differing varieties and intermediate
forms have obviously proceeded from the earlier
mastodons, and in order to simplify the arrange-
ment have been classed as the genus Stegodon.
Their home was chiefly in Italy, whence they
spread abroad as far as Japan.! The discovery of
their remains in the Japanese Archipelago is a
proof that these islands did not lose their connection
with the continent till comparatively recent times.

These teeth prepare us for the molar of the
true elephant, the latest form of the group. It
originates—and indeed not in theory but in the
actual transition forms up to the living species—
by the ridges continuing to become steeper, drawing
closer to one another, and sinking down almost to
the root of the tooth, and by these furrows be-
coming filled with cement, which thence covers the
whole outward surfaces of the tooth. The enamel
parts of the still unused tooth—although in form
and extent extraordinarily changed —nevertheless

show the same connection as in the species from

! Naumann, Ueber japanische Elephanten der Vorzeit
Pal@ontographica, vi. 1882,
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which we started. A comparison of Figs. 40, 41,
42 will make the homology of the spaces a ', b ¥/,
¢ ¢’ perfectly clear.

Europe, before the appearance of the Glacia

Ire. 42.—Piece of a Molar of the Mammoth, cut longitudinally,
Nat. size.
&, Enamel ; d, dentine ; ¢, cement,
period, possessed several elephants, and Britain,
which at that time had not yet been rent asunder
from the continent, possessed the Elephas antiquus,
and Italy the Elephas meridionalis. The Mammoth
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also—the Elephas primigenius, the most frequently
mentioned and most widely distributed animal of
the group—had been driven from Asia into Central
Europe, whether as far as England is still uncer-
tain. It had an associate in the Elephas antiquus ;
but in any case the mammoth survived it up to the
period of man. Yet it can scarcely be said whether
—at the time the human immigrant took possession
of Europe, and the struggle began between the
tamed and the wild races, between man and the
wolf in England, and the lion in Thessaly—the
mammoth was exterminated in this kind of
struggle, or whether it succumbed to climatie, i.e.
to natural influences unknown to us.'

In entering upon a discussion of the elephants
as a class, it was our wish to do away with what
mystery seemed to encompass the existence of the
present animal, and we have done so by pointing
out their undoubted descent from the Miocene
mastodons. Thereis but one other step backwards
that we can take in explanation of the connection,
by bringing forward another of the colossal, thick-
skinned animals, the Dinotherium. Up to within

very recent times only its skull was known (Fig.

! Dawkins, * The British Pleistocene Mammalia,” Paleonto-
graphical Society, 1878, xxxii.; Adams, ‘ Monograph on the
British Fossil Elephants,’ Ibid, 1877.
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43), from which it was supposed to be a footless,
aquatic animal, and that, by means of its two
tusks which projected from the lower jaws and
curved downwards, it probably moored itself to the
shore while resting or sleeping. No whole skeleton
of this animal has, it is true, yet been discovered
in connection with
the skull, but to
judge from various

remains of bones, -

which in all pro-
bability belonged to ’
it, it seems certain { :

that the structure L /

of the Dinotherium \

wasof the Elephant

species, and that

some kind of pro- Fie. 43.—Skull of Dinotherium gigan-
boseis must be sup- teum. One twenty-fourth nat. size.
posed to have been suspended from the elongated
nasal bones. Itis restored thus in our most eminent
works on paleontology, and the correctness of the
supposition is confirmed by a comparison of the
molars with those of the early mastodons. The

form and manner of succession of these molars, five

being able to be in use at the same time, lead to
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the conclusion that the molars of the older masto-
dons originated from those of the Dinotherium by
the loss of one or more of the front milk-teeth as the
result of the strengthening of the true molars. But
as the known Dinotheride and the earlier masto-
dons occur in almost the same geological horizons,
the supposed descent cannot, of course, signify that
Dinotherium giganteum had changed into the Mas-
todon angustidens, but only indicates the way—
where and how—the mastodons have originated
from ancestors of the Dinotherium species.

As is evident from Weinsheimer’s classification !

remains of

—our latest authority for the species
the Dinotherium, and more especially molars and
lower jawbones, are found in various parts of the
Old World ; but in all cases, only in the Tertiary
deposits, and in no case higher than in the Upper
Miocene strata ; it ranged from France as far as
India. In England no traces of it have been
found, and its southern limit in Europe is Greece
(Pikermi). Notwithstanding the different forms
and sizes of the teeth—according to which fifteen
species have been distinguished—still, owing to

the transitions met with everywhere, we are in-

) Weinsheimer, Ueber Dinotherium giganteum, K, Berlin,
1883,
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clined, with Weinsheimer, to assume only one
species, the Dinotherium ; we are also glad to be
reminded by him of Suess’ words : ¢ We can readily
convince ourselves that physical changes oceur
without the mammal of the distriet being much
affected by them, but we find no change in the
animal world without a change in the outward
cireumstances, without some recognisable episode.’

The changes in the dentition of the Dinotheria
(which appear somewhat earlier than the masto-
dons) to the elephants proper, correspond with the
aradual change in their food and mode of life.
The Dinotherie and the older mastodons had to
subsist mainly upon the roots and stalks of water-
plants, which they tore up with their lower tusks
in the morasses of tropical climes, like the rhinoce-
roses. Harder grasses demanded and produced
the transformation of the simple ridged tooth,
the tuberculate teeth of the mastodons, the fall-
ing away of the front milk-teeth, and finally a
concentration of the material foree, and more
especlally the peculiar conformation of the molar

of the later and present elephants.! They certainly

! ¢ All the changes of the organisation which we may observe
in the later forms of Mastodon as compared with the earlier
ones—for instance, the different forms of the incisors, the re-
duction of the symphysis (i.c. the connecting parts of the lower
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have differentiated much more from the original
form than the other plant-eaters; but even in the
case of these latter, a similar course from the
ceneral disposition to the specialised form of to-day
has been pointed out. Thus, at the close of this
short chapter, our elephants cannot any longer be
said to stand as inexplicable wonders of creation.
In the Middle Eocene deposits westwards of the
Rocky Mountains, there have been discovered, among
many other animal forms, numerous remains of
powerful plant-eaters of the size of elephants ; their
skull possessed two or three pairs of horns, and
the upper jaw showed gigantic canines (Fig. 44).
These Dinocerata are believed by Marsh and Cope
(and with some degree of probability) to be de-
scendants of the Coryphodonta (see above, p. 199),
and although the possibility of their being related
to trunked-animals is not excluded, still meanwhile
it is a mere vague analogy. The DBrontotherie
from the Lower Miocene eastwards of the Rocky

Mountains, which are likewise colossal creatures,

half of the jaw), the increased slowness in the sucecession of the
teeth, and the corresponding increase in the number of ridges,
in short, the dentine which by degrees becomes worn off—point to
the fact that the later mastodons had discontinued the mode of
life practised by their ancestors, and had adapted themselves to

a life on land.’
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but less striking as regards the formation of their
skull, may, with somewhat greater certainty, be

classed as a branch of the Rhinoceros tribe (see

above, p. 199). Both groups, however, strike us

nevertheless as somewhat strange, chiefly because
their brain can be compared only with that of

certain fossil reptiles, considering the size of the

F1c. 44.—8Skull of Dinoceras mirabile.

One-nineteenth.
After Marsh.

skull and the thickness and mass of the spinal
marrow. It would seem to be a lower form even

than that of the Marsupials and the Monotrema,

Two other small groups are allied to the Hoofed
Animals, but in regard to one of these, the genus

Hyrax (rock conies), no more can be said to-day

R
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than what was known to Cuvier. Although the two
groups, in their outward appearance and mode of
life, show affinity to the Rodents with claw-like
hoofs, their molar teeth are singularly like those of
most of the Rhinoceros tribe. There 1s absolutely
no safe starting point for their historical descent.’
We are more fortunate as regards the class next
to be considered, the Sirenia.

6. THE SIRENIA, OR SEA-COWS.?

Of this group the dugong (Halicore dugong)
lives in the Red Sea, the Manatus frequents the
West Coast of Africa, and another species the

' Cope is inclined to think that the arrangement of the
earpals in the Hyrax is a sign of very ancient descent. His
main reason for this supposition is the fact that the bones form-
ing the several rays of the fingers still lie one behind the other
simply and regularly, as in the case of the lower vertebrates ;
whereas in other mammals—not, however, in the elephant—the
two rows of carpals have been displaced and lie side by side.
The cause of this displacing or twisting must, without doubt, be
looked for in the loss of the thumb, which again is connected
with the cases of adaptive and inadaptive transformations of the
earpals mentioned by Kowalewsky. As, however, in the elephants
the row of carpals is not displaced, while in the Coryphodons a
very marked displacement has taken place in epite of the thumb
having been retained, it seems to me that Cope’s attempt to
arrange and determine the general relationships of the Hoofed
Animals, more particularly of the earliest Eocene fauna, from
these circumstances, is much too unsafe.

* Lepsius, Halitherium Schinzii. Darmstadt, 1881.
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eastern shores of America. Another and fourth
species of very remarkable form, the Rhytina
stellert, belonged to our present period, but owing
to the smallness of the range of its distribution,
seems to have become extinet between the years
1741-48.

The earlier systems of zoology considered the
want of hind legs in Whales and the Sirenia, the
paddle-shaped form of their front limbs, and the
tormation of the end of the body into an horizon-
tally extended fin, to constitute the characteristic
features of a distinet order of animals, compared
with which other very marked differences in their
skull and dentition seemed of little importance.
However, nowadays we are so well acquainted
with the disappearance of the front or back
limbs, or of both extremities (in the case of
reptiles) as phenomena of convergence, without
this being considered a proof of any near blood-
relationship, that we no longer think of classing
the Sirenia with the Whales simply because of the
want of the hind limbs. The Whales are flesh-
eaters, the Sirenia plant-eaters; the former, by
their relationship to the seals, belong to the order
of the Fere, flesh-eaters in the narrower sense of

R 2
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the word ; the latter are a very ancient branch of
the Hoofed Animals.

Of the living Sirenia the Manatus shows the
fullest dentition with a ehange of teeth. It points
to an old Tertiary group found in Jamaica, the
Prorastomus sirenoides, whose molars are genuine
rid gﬁd teeth.

The other and more perfect line ends in the
present period with the so-called Steller’s Sea-Cow
(Rhytina stelleri), which has recently become ex-
tinet. It had no true teeth for masticating pur-
poses, but, in place of molars, had large fibrous
structures on the gums, one on each side of each
jaw. These structures occur also in two of the
living species, but are less large. The dugong
already shows a considerable loss of teeth, but by
possessing them stands nearer fo the earlier form
of Sirenia, which leads in a direct line back to the
Rocene Halitherium. The dental formula is:

il 17 8 14
?.' '._ _-j }J _! ]
" B el 4

When comparing the genuine Hoofed Animals
with their ancestors, it was seen that the loss of

one or two toes took place as early as in the first

Tertiary division. It was only single genera, such
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as Coryphodon, that still showed the old five-toed
extremity, an inheritance from Pre-Tertiary times.
However all the living Sirenians possess a five-
fingered hand. When, therefore, it is said that the
molars of Prorastomus are genuine ridged teeth,
these do not point to the true Lophiodonta and
tapirs, with their already reduced hand, but to
earlier ancestors on both sides. Thus things no
longer existing point to that very distant past,
which extends back beyond our actual observa-
tions. Even in the case of Halitherium all that
is left of the hind limb is the thigh-bone. This
bone, however, is still attached to the pelvis,
which is tolerably reduced, but has a socket. The
earliest Sirenians, therefore, had a less striking
form of skull, but, nevertheless, in their whole
appearance were already like the present living
species. From this 1t follows that the four-
footed mammals changed their abode for the sea,
and lost their hind limbs, before the Tertiary
period.

The living Sirenians have experienced a still
farther reduetion of the pelvis; it has become de-
tached from the vertebral column ; and even the
above-mentioned remnant of the hind limb, the

rundimentary thigh-bone, has wholly disappeared.
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7. THE CETACEA, OR WHALES.

Up to about the year 1840, our scientific
knowledge of the larger Whales was based almost
exclusively upon the dissection of a few stranded
animals made in most cases in a very superficial
manner. Skeletons of the animals could, of course,
be procured, and some complete specimens had been
set up in some of the museums. Their ribs, lower
jaws, and vertebrse had also been collected, and,
like the bones belonging to fossil elephants, were
chained to town-halls and churches, where they
were gazed at as the remains of giants, and pro-
bably also (as was the case with a mammoth’s
thich bone in Spain) were worshipped as the
reliques of saints of giant stature.

Owing to this manner of acquiring secientific
material, a fatal confusion had arisen in the names
given. It was about this time that Eschricht,
professor of physiology in Copenhagen, applied the
well-known lines—* If thou the poet would’st under-
stand, Then must thou go to the poet’s land,’—
to the Cetaceans. He did not visit them himself,
it is true, but his friend Holbéll, who was for many

years inspector of the Danish colonies in Green-

land, undertook, at Eschricht’'s request, to make
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collections and observations on the shores of the
Arctic Ocean. Holboll furnished the museum of
Copenhagen with excellent material in the way of
skeletons, together with the softer portions of the
body, also whole animals of various ages, with
detailed accounts of the biological observations he
had made. All this information Eschricht' made
use of in a classic work, where he traces the trans-
formation of the skull of the feetus (only some few
feet in length altogether) to that of the full-grown
giant, that framework which strikes the on-looker
at first as perplexingly strange. He cleared up the
relation between the bearded and the toothed Whales
by following up Geofiroy’s disecovery more minutely,
i.e. by showing that the feetus of the Bearded or
Whalebone whale possesses a number of small teeth,
which never eut through the gums, and subsequently
become completely re-absorbed, when the huge
sieve-like apparatus on the mucous membrane of
the gum appears. The rudimentary teeth of the
Whalebone whales, which never come into use, are

' Eschricht, Zoologisch-anatomisch-physiologische Untersuch-
ungen tiber die nordischen Walthiere (Leipzig, 1849), of which
work there is an English translation ; also Brandt, * Untersuch-
ungen iiber die fossilen und sub-fossilen Cetaceen Europas,’
Mém. Acad. Petersb., 1873 ; Van Beneden et Gervais, Ostéographie
des Cétacés. Paris, 1868-80,
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final links in the chain of evidence that the Whale-
bone whales are the last members of a transformed
group which commenced with animals with four
toes and numerous teeth, and which by the gradual
diminution of the dentition have become Whale-
bone whales.

Still, the skull of the Whalebone whales shows so
much resemblance to that of the Dolphins and all
of the other toothed whales, that, were it not for
the discovery of teeth in the feetal animal, we should
be in doubt as to the unity of the two groups.
From the head of a dolphin only a few feet in
length, we may learn all about the peculiar trans-
formations just as well as from the head of a
Greenland whale. The mid jawbones (Fig. 45)
do not appear in front between the upper jaw-
bones, but are very much elongated, and fre-
quently lie somewhat irregularly, projecting beyond
the upper jawbone. The most striking changes,
however, are those of the middle head, and all this
can be traced to the rising up of the nasal cavities
—in all other mammals these lie horizontally or
obliquely towards the front—which form perpen-
dicular blow-holes close to the erown of the head.
Not only has the olfactory bone become raised,
but the nasal bones also, in most cases, have

been completely displaced from their position as
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eoverings, and stand as perpendicular back walls to
the nose, while the frontal and parietal bones are
compressed and pushed aside in the most remark-
able manner. However, it would certainly not re-
quire a practised osteologist to construct the skull

of a whale from any certified bone. There is

nothing in the skull of the whale that could, in the

F1e. 45.— Skull of Delphinus lagenorhynchus. Gray.

¢ k, Mid-jawbones ; o &, upper jawbone ; j, cheek-bone ; p, parietal: & frontal
bone ; n, nasal bone ; &, olfactory bone., One-fifth nat, size,

shightest degree, lead to a connection between it
and the Sirenians (p. 248). Nevertheless, their hind
limbs, like those of the Sirenians, have disappeared
externally without leaving a trace of their former
existence ; the rudimentary pelvic bones that are
concealed in the flesh—sometimes with the last rem-
nant of the thigh-bone, very rarely with the shank
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Fia. 46.—Right Fore-limb of
Delphinus flfell‘.uhi:':.. After
van Beneden and Gervais.

—bear witness, however, to
their having possessed an-
cestors with four legs.'
The front limbs remain
wholly within the known
structure of the mammal
leg, as may be seen by
that of the dolphin on Fig.
46. The toothed whales
are almost without excep-
tion five-fingered, even
though in most cases the
thumb and the little finger
appear very much reduced.
This, moreover, shows them
to be geologically older than
the Whalebone whales ; for
of these only the smooth
whales (Bal@na) possess five
fingers; in the others the

thumb has completely dis-

I The modifieations which the
whales have experienced as mam-
mals in water, have been admir-
ably deseribed by Prof. Flower,
* Whales in the Past and Present,’
Kosmos, vil. 1883,
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appeared. That the Whalebone whales are geologi-
cally younger than the smooth whales is likewise
proved by their generie characters, the furrow which
extends from the throat to the belly, and the
humped or fin-shaped protuberance on the back.
Hence not only does the preserved skull of one of the
most important group of the Whalebone whales
(the Cetotherium) oblige us to maintain the animal
to have been one of the smooth whales, but we are
also enabled, from this circumstance and the geo-
logical period, to conclude that these whales did not
possess either furrows on their breast or fins on
their back.

The time of the fullest development of the
Cetacea belongs to the Miocene period, when they
had associates in the large and also numerous small
Whalebone whales, for instance, the Cetotherinm
just mentioned, which is eclosely related to the
present Bearded or Whalebone whales (from two to
ten feet long), and also the Dolphins and the Zeu-
glodonta. The last-mentioned group is formed of
the two entirely extinet genera, Zeuglodon and
Squalodon,

Brandt has in detail urged it as improbable
that Zeuglodon, as is often supposed, can be

regarded as an intermediate form between the
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seals and whales, the shape of the skull and
the strong nasal bones covering the nasal cavity
having been thought to indicate this. Their length
varies between twelve to seventy feet. They belong
in America to the Eocene, in Europe to the Mio-
cene period.

Squalodon approaches closer to the Dolphins
than does Zeuglodon, more particularly by the
position of the nasal bones and the corresponding
displacement of the other bones. Its teeth (Fig.

47), like those of the Zeuglodonta, remind one of

. ; , . . 3 1 4

the Seals. The dental formula is: ¢ 3 oM,
T £

7 = The compressed molars, which are pyra-

midical in form, show a certain external resemblance
to the teeth of the Sharks.
As the Zeuglodonta

including the Squalodonta
—are not vet as far advanced in the transformation
of their skull as the Delphinidae, it has never oc-
curred to anyone to regard the Dolphins as ances-
tors of the Zeuglodonta. Such a supposition would
be as irrational as if we were to imagine the
Antelopes descended from Oxen. On the other
hand, however, as great a difficulty would have to

be faced were we to suppose that animals of the

Squalodon species had left descendants of the




THE CETACEA, OR WHALES, 253

Dolphin species. We do not speak of the dolphin-
like whales with reduced dentition—e.g. the Nar-
whales : these are side branches of the main stem,
the members of which are distinguished by numer-
ous teeth of the same shape. The teeth are always
arowing and have no closed roots, wherem they
resemble those of many of the reptiles. Now
Baume, for various
cood reasons, has
made it seem probable
that the ever-growing
teeth of mammals are
an ancient inherit-
ance, and that rooted
teeth, on the other
hand, are a new ac-

quisition. If Baume

is right in this, we
- Fia, 47.—Tooth of Squalodon.
have no connecting ) i :
- o, From the outzide ; &, from the zide,

After Siiss,

link for the Dolphins,
and naturally none either for the Whalebone whales.
All the three subdivisions—Zeuglodonta, Dolphins,
and Whalebone whales—are found side by side in
the Early Terfiary period, and the vertebree of
whales have even been found in the Jura. How-
ever, all that can be said with certainty is that we
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have no idea in what period or under what eircum-
stances whales came to be developed. What is
improbable is that they were descended directly
from reptile-like ancestors, independently of the
other mammals. None of their peculiarities point
directly to the Reptiles, and are all intelligible as
modifications which were effected by the land
animal in its transition to a life in water.

But of what kind were these ancestors ? Our
first thought turns to the Seals, which, of course,
have likewise adapted themselves to an aquatic
life. However, in their case, the hind limbs have
not in any way become reduced, and have only
changed their position to the pelvis; whereas the
upper and lower parts of the leg are shortened, and
the feet have become broad and lengthened paddles.
Hence it cannot be imagined that these animals,
which are so admirably equipped for swimming,
could have struck out a new kind of adaptation.
There could not have been any use or necessity
for this. Hence a certain resemblance in the
teeth can only have been the result of convergence ;
and Prof. Flowers reminds us that this had long

since been pointed out by Hunter,! who says:

' John Hunter, ‘ Observations on the Structure and Economy
of Whales," Philoso. Trans. 1787,
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¢ There are numerous points in the structure of
whales which bring them much eloser to the hoofed
animals than to the beasts of prey—for instance,
the complex stomach, the simple liver, the respi-
ratory organs, but mainly the reproductive organs,
and the stages relating to the development of the
feetus. Even the skull of Zeuglodon, which we
admitted shows a certain likeness to that of the
sea dog, shows as much agreement with that of the
earliest pig-shaped ungulates, except in the purely
adaptive character of the form of the teeth.” The
objection raised that whales are flesh-eaters, while
most of the Hoofed Animals are true plant-eaters,
has been very properly refuted by Prof. Flowers,
who points to the former predominance of omni-
vorous animals, and shows that, with the exception
of the Pigs, which have remained most faithful to
the ancient type, the Omnivora became more and
more true grass-eaters, while the others developed
a taste in an opposite direction. Regular flesh-
eaters can either not accustom themselves to
vegetable food at all, or only in cases of emergency
—as we ourselves see daily with the cat or dog—
whereas we not unfrequently find instances of
the contrary. Cattle eat dried fish with evident

relish during a northern winter, as is well-known :
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and, therefore, the whales may, in the widest
sense of the word, be classed with the primary
Hoofed Animals, which still possessed five toes and
differed as much, and even more, from the present
group as the primeval horses from the horses of
our day.

The period when whales were most abundant
was that of the Middle Tertiary, when, as already
stated, the present Kurope-Asiatic continent was
for the most part under water. Brandt gives a
very graphic deseription how the Cetacea of those
temperate zones may have ceased to exist with the
disappearance of that ancient ocean. And as the
account 1s of general importance we will quote his
words : ¢ The dying out of marine animals appears
at first sight more strange than the dying out of
land animals. We are apt to imagine that the in-
habitants of the sea—in their far-reaching element
animated everywhere more or less by living ereatures
—have a better opportunity of withdrawing from
such external influences as affected them injuriously,
without thereby experiencing a want of food, par-
ticularly if the hurtful changes were not sudden.
As an example of an earlier ocean of this kind,

extending from Western and Southern Europe to

Central Asia, we may take the immense ocean
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which existed in the Miocene, and probably lasted
beyond that period; when largest it extended to
the Aretic ocean, and also communicated with the
tropical seas in the south. An ocean of this kind
would not only confer a higher temperature upon
the central zones, but would also essentially con-
tribute to the warmth of the northern regions,
and further, would not merely favourably affect the
flora, but likewise give the fauna a very different
character to what it shows nowadays. This con-
dition was, however, by no means a permanent
one. The gradual rising of the land led to a
separation of the southern, sub-tropic or tropic
seas, and to a lessening of the extent of the great
ocean 1tself, and 1ts temperature would likewise
decrease. This was still more the case, however,
with the great connecting sea in the north, more
particularly when its separation, and gradual dis-
appearance, resulted in 1its becoming more or
less detached basins. The former luxuriant and
fuller vegetation and animal life on the continent,
which had been favoured by a warmer and moister
climate, changed their character and became less
exuberant. Less organic matter being produced
on the land, less was carried to the ocean, where
it served numerous small marine animals as food,

8
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while, at the same time, the afflux of fresh water
exercised a greater influence upon the lessened
amount of sea water. These circumstances, which
reduced the food of marine animals—nay, which
was obviously detrimental to their existence —were
accompanied, moreover, by the gradual separation
of the great ocean into numerous basins, oceasioned
by the rising of the land already alluded to; this
prevented the animals from migrating, and the
altered condition of the water inecreased even
further owing to the separation. As a proof of
this we have the Black Sea, the Caspian, and the
Aral Sea, which remained longest in connection,
and several other seas in Central Asia. Those
species of invertebrates and fishes which, owing
to their peeuliar organisation, could exist only in
large, open seas, and not in an inland sea with a
lesser amount of salty substances, and were unable
to accommodate themselves to the change in the
physical, thermal, and biological conditions, died
out together with the Cetacea. Those that sur-
vived and were able to adapt themselves to eireum-

stances, like some of the molluses, &e., decreased

In size.’
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8. THE CARNIVORA, OR FLESH-EATERS.

The group of our present flesh-eating mammals
which has been most carefully examined as regards
specialisation of the dentition, and whose geological
appearance has perhaps left most traces and points
of connection—is that of the Dogs, or Canide. We
shall, therefore, take this group as the starting-
point for our comparative examination.

The dog, like all the other Carnivora, possesses
five toes on its front feet and four on the hind feet,
with non-retractile claws. Those who wish to
obtain even a limited view of the relationship
between the main genus Canis and some of the
sub-species, and various other forms allied fo
these, their geographical distribution, &e., in the
hope of finding some indications of the lines
which partly vanish into primeval times with-
out leaving any trace, but again In many in-
stances showing a connection with definite palee-
ontological facts, must first of all make them-
selves acquainted with the dentition of the group.
One tooth more or less unmistakably determines
the date of one or more of the geological periods.
The position, size, and disappearance of the teeth in-
dicate, with almost the same certainty, the relation-

8 2
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ship between the species which ranged separated
over half of the earth’s surface, or they point to
the different origin of those which live almost
within the same range of distribution. The
certainty with which a palmontologist works—by
making use of means which appear absolutely
valueless to an unscientific person—ecan be appre-
ciated only by those who have acquired at least
some knowledge of the way in which the work is
accomplished. This again shows what little weight
can be placed in the perpetual assertions of un-
scientifie persons, that the followers of the theory
of descent are mnot i the position to prove the
transformation of species.

Everyone knows that the dentition of the fox
(Canis vulpes) consists of very differently formed
teeth (Fig. 48), which, however, agree in so far
that the crowns show an unbroken covering of
enamel ; in this the molars, more especially, differ
strikingly from those of the Hoofed Animals and
many of the Rodents, where the erowns have com-
plicated folds of enamel. The dental formula

A |

18 :—1 e —,pm-,m-. For our purpose here
3: 1:— ! 49 q I I

it is the molars almost exclusively that come into

i'8

consideration, hence . Thus the genus Dog
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has in the upper jaw four premolars or teeth that
have replaced the milk-teeth, and two molars. Of
the premolars the fourth (p*)is remarkable owing
to its size, compressed form and sharp edge, also
by possessing an Inner process in front; this is the
carnassial or ¢ flesh-tooth.” Corresponding with it

F16. 48.—Jaw of the Fox. After Huxley.

below we have not the p*, but the first of the three
molars or grinders, m'. The connection and origin
of the different species of Dogs is determined by
the, in some cases, undistinguishable shades of
difference in the tubercles and processes, by the
distances of these points from each other, and by
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the length and breadth of the teeth, the measure-
ments of which have to be made by the tenths
of millimetres, and thus we finally have an

animal of the dog species of the present day not
- A : .
with 3’ but with _i. molars, and we may there-

fore draw the very probable inference as to the
Focene ancestors of the present Canide. In the
above remarks we have principally followed an ex-
tremely clear account given by Huxley.'!

If several small differences are taken into con-
sideration, the various species of the genus Dog
(Canis) may be formed into two groups, the one
represented by the Common Fox, the other by the
Brazil fox (Canis azare). These differences relate
to the frontal depressions—which are entirely want-
ing in the fox and are strongly developed in the
other group—and to the form of the front part of
the brain. By the side of the fox we have Canis
Sfulvus, argentatus, littoralis, zerda, lagopus and others;
on the other hand the Jackals and Wolves, all varie-
ties of the Domestic Dog, Canis anthus, latrans, an-
tarcticus, magellanicus, cancrivorus, varieties of the

Dingo. In both groups subdivisions have again to

! Huxley, * Cranial and Dental Characters of the Canide,’
Proe. Zool. Soc., 1880,
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be made in accordance with the form and strength
of the carnassial tooth. However, even when a
good idea of the Fox and Wolf type has been ob-
tained, the differences finally merge one info the
other, and thus here again comes an end to all
systematic arrangement.

In all the above-mentioned animals of the dog

species the dental formula of the molars is ._2; The

¢
agreement of the lobes, processes, and tubercles of
the teeth is such, that blood-relationship appears
certain if the alternative of eonvergence or inherit-
ance is properly considered.

We must now refer to the question of the origin
of the domestic dog.! That the whole line of foxes
has nothing to do with the dog has long been an esta-
blished fact. On the other hand, Darwin endea-
voured to prove that various wild tribes of men in
different parts of the globe tamed native wolf-like
animals, and that the crossings of these species and
breeding of various kinds produced the domestic
dog of our day. This opinion of Darwin’s has been
somewhat modified by L. H. Jeitteles, a careful

authority on the domestic animals. According to

! Darwin, The Variation of Plants and Animals wunder
Domestication ; Jeitteles, Die Stammudter unserer Hunde-Rassen.
Vienna, 1877.
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him the wolf (Canis lupus) has no connection with
the European and west-oriental races of Dogs, the
connection being mainly through the Jackal and
the Indian Wolf (Canis pallipes). The races partly
lead back into prehistoric times. Closest to the
Jackals we have the so-called Twrf-dog, known
from the turf deposits of the lake dwellings, and
which is probably the ancestor of our Pomeranian
dogs. Allied to it we have the terriers and turn-
spits. From Canis pallipes is deseended the so-
called Bronze-Dog, which most probably came to
Europe with human immigrants from Asia, and
with it the sheep-dog of Central Europe, the larger
sporting dog, the poodle, cur-dog, and bull-dog.
The ancestor of a third group may perhaps be
found in the large jackal (Canis lupaster) of North
Africa, to which we should also have to refer the
ancient Fgyptian dog, the Oriental street dog, and
the wild dog of Africa.

This does not as yet settle the question as to
which fossil forms may be concealed among the
numerous races of the domestic dog. Various con-
jectures have been made, none of which, however,
are based upon any special reasons. According to
Blainville’s opinion, a Diluvial species of a gentle

and sociable nature—mno longer existing in a wild
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state—must have been the primeval form of the
domestic dog; but after what has been said above,
this general way of seftling the question must be
regarded as one that no longer holds good. Wold-
rich’s ! views show a greater amount of probability,
and have lately been taken up again; he maintains
that our domestic races are descended from several
wild forms of the Canide of the Diluvium, and
herein he agrees with what Darwin and Huxley
have stated regarding the relation between the
Domestic Dog and the living Jackals and Wolves.
[t may with certainty be maintained that the
direct ancestors of the European Wolf are to be found
in the Diluvial deposits. Formerly a huge animal
of the wolf species was distinguished as the Cave
IWolf, without there being any distinet echaracter to
separate the two forms. A third form of wolf—
Canis suessii, from the Loss near Vienna—is de-
seribed as a slim but powerful animal, strong
enough even to pursue and overpower the larger
species of plant-eaters. It is, in fact, one of the
eight species of wolves which can be distingnished
during the Diluvial early ages of man. And in

addition to these there are about five kinds of foxes.

' Woldrich, * Wilde Caniden des Diluviums,” Wiener Denlk-
sehriften, 1879,
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In now returning to the living Canide, several
species demand our attention, one of which is
described as Icticyon venaticus, a mative of Brazil,
the other under the generic name of Cyon, inhabit-
ing the countries to the north and north-east of the
Altaian mountains. These dogs do not possess the
third molar in the lower jaw, and the m in the upper
jaw 1s so small that a reduction appears to be immi-

F16. 49.—Lower Jaw of Icticyon. After Huxley.

nent there as well. It is in the natural course of
things that one or both of the first premolars, or
the last molar, should become useless and foreed to
disappear, by the neichbouring teeth being specially
taken into requisition, although in most cases we

do not know the immediate reason of this.! The

! Any of our readers who can examine the head of a dachs-
hund may convince themselves of the fact that the first pre-
molar above and below ean scarcely be of any use to the animal ;




THE CANID/E, OR DOGS. 267

other circumstances of the structure of this group
do not lead us to expect anything special from this
concentration of the dentition. In former times,
however, as we shall soon see, a most varied develop-
ment of new genera of Beasts of Prey began with
dog-like animals,

Much more interesting for the purpose of our
investigation here is the Otocyon lalandui, the spoon-
dog of South Africa, so called from the pecuhar
formation of the skull. Its habits show an approxi-
mation to the Foxes, yet as regards dentition it does
not show this affinity, inasmuch as it possesses

4 4
= : = molars, and also shows the most remarkable

differences in the relative size of the single teeth.
As already said, the spoon-dog 1s In many ways,
and as regards dentition, shaped after the fashion
of the dog type, and can thus scarcely be dragged
out of this connection, and we are compelled to
look upon it as a still existing primary form of dog.
The whole paleontology of the Vertebrates shows
that the many-toothedness of Mammals is an

inheritance from their lower ancestors, and that

it is a little stump which does not eome in contact with the
opposite row of teeth, and is frequently wanting altogether. If
the dachshund is not foreibly suppressed as a species, its denti-
tion will one day inevitably be reduced by one premolar.
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any inerease of the teeth within a class has prob-
ably never taken place.

# L. 2 2
As our dogs, with their g molars, have no

L

doubt been descended from fuller-toothed animals,
Otoeyon must be regarded as the still living
representative of the early type of dog, which in
other characteristics shows more affinity to the fox
family. But as there also exist species of the group
Canis azare with very small frontal depressions, it
is, as Huxley says, very difficult not to imagine that
these too must be traced to ancestors of the Otocyon
type. From this species, therefore, we should have
to derive the two lines which diverge into the fox
on the one hand, and the wolf on the other. We
are supported in this view by the observation that
the South American Canis cancrivorus often pos-
sesses the m1, and thus shows itself to be another
remnant of the primary form. A fourth super-
numerary molar of this kind is not a monstrosity
or pathological phenomenon, but an atavism or
reversion of the same sort as the so-called wolf’s
tooth in Horses, which was explained as a pre-
molar which existed in the primary genus Anchi-

thervum,

Hence the key to the derivation of all the Dog
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tribe is to be found in their relation to the spoon-
dog. What Huxley states regarding the simi-
larity between its dentition and that of the lower
bear-like genera is certainly well worth conside-
ration, but is of less importance than the con-
clusion he draws from a discovery of his own. In
several hundred different species of Dogs he
found fibrous formations which are said to corre-
spond with the marsupial bones (ossa epipubica), the
distinguishing feature of the Marsupial group. If
this observation becomes an established faet, the
direct descent of dogs from Marsupials would seem
in the highest degree probable. However, as one
of our first comparative anatomists has maintained,
we still require further proofs for Huxley’s observa-
tion. In 1magining the Dogs connected with the
Marsupials we should not, in the first instance,
have to consider our present carnivorous Marsu-
pials (Thylacinus, Dasyurus), whose row of molars
consist of one tooth less than that of Otocyon,

and are generally characterised as p i’ m i . The

Marsupial Rats would more likely have to be taken
into consideration. They are the only known

animals from the Eocene with four molars. More-
over, by using the flat part of their hands and feet,
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and possessing pointed, tuberculate molars, they
point to the Insectivora. For another circumstance
to be considered is, that various peculiarities in the
teeth of the lower Canide show approximation to
the dentition of the Insectivora ; and the occurrence
of rudimentary clavicles and the rudiment of a
fifth toe on the hind limb, also clearly point to
ancestors with well-developed clavicles, and the full
number of five toes. All this is found united in
the Inseectivora: hence our present dogs have been
traced back to the Eocene and Pre-Eocene Insect-
eaters with certain peculiarities of the Marsupials.

This derivation of the Dog tribe—which 1s based
mainly upon deductions from the present nature
and distribution of the group—goes back, therefore,
into that dim twilight which, in the opinion of
Cuvier and his followers, could alone precede the
dawn of true light in the mammal world. We
shall have to dwell a little in this Focene period
and look around among the incredible wealth of
mammal forms, which seem, as it were, to have been
re-animated by Filhol's graphic descriptions (see
above, p. 64). We shall obtain some 1dea of the
vigour of that exuberant, plastic life if, in place of

the few Carnivora that are now inhabiting France,

and indeed Southern and Central Europe, we ima-
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gine in one part of South-western France, of Carni-
vora alone, some forty species from the size of the
marten up to that of the most powerful wolves and
bears. They lived, as the vast quantities of their
remains testify, partly in herds; and of food there
was an abundance in the corresponding numbers
and varieties of plant-eaters.

First of all comes the Viverrine Dog (Cynodietis),
which, although possessing the dental formula of

the Dog
: - 2
=y L — E‘JH‘I T

5 1 4’ 8
(of which, in the upper jaw the fourth premolar, in

o

the lower jaw the first molar stands for the earnas-
sial tooth) had a very narrow skull, with broad,

strong cheek-bones—an admirably developed beast

of prey between the size of a fox and a wolf.
These animals, Filhol says, are curious and very
peculiar forms, in which, after a very careful ex-
amination, certain points are at length discovered
by which they show affinity with our present
Carnivora. But in spite of every effort to bring
them under one head, it cannot be done. And
hence we have to assign to them an essentially

distinetive character, a position outside the cus-

tomary eclassification, and one, in fact, which




#
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approximates the living families. The French
investigator means to say that they are dog-like
animals, but not dogs; that, in fact, they eannot
be classed with any one of the present families
of Carnivora, although showing the character-
istics of the class in the various parts of their
skull with which we are very well acquainted—the
mid jawbone, gums, alar processes, tympanic bones
—as well as the form of the skull as a whole. We
should not exactly say that the animals stand be-
yond our system of arrangement, but that they do
away with existing gaps. This is most obviously
the case with their dentition. In most of these
forms of Cynodictis—which can be defined as
species—the teeth are all well marked and developed
according to their position. But in Cynodictis inter-
medius, the last lower molar, m?, is so small that it
is evidently of not much use, and we may rely upon
its gradual disappearance. Were this to happen
we should then have the dental formula of the
Viverre. And 1t does happen: the race named
Cynodictis intermedius viverroides from the C. inter-
medius has become a Viverra.

With the loss of that molar there arises a small

modification, p*, hence one connected with the im-

portant carnassial tooth of the lower jaw; and
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what is most remarkable, the same loss is met with
in two other species (C. erassirostris, leptorhynchus),
the same modification of the carnassial tooth. It
i1s not known what change in the mode of life
ecaused these same changes in the teeth in several
different species. We are content with knowing in
what manner so-called new species and genera
appear on our earth; in faet, not suddenly, but
by imperceptible shades of difference, which in-
crease in the course of thousands of generations,
until, finally, what seemed at first an exeeption to
the rule becomes the prevailing state of things.
The objection so frequently brought forward
that these °‘accidental’ deviations would always
again be neutralised by erossings with unchanged
members of the species—if geographical isolation
did not ecome to assist them—have no founda-
tion whatever; for our discoveries in paleonto-
logy prove the contrary. It must be remembered
that the expression ‘accident’ applies only in so
far as 1t conceals our ignorance of ecauses and
occasions. In many cases—for instance, in the
transformation of Mastodons into Elephants—
we can with some certainty determine the altered

condifions of food to which the teeth had to adapt

themselves.
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And in the present case we have only to deal
with an established fact, that the Viverre are the
descendants of the Viverrine Dog, Cynodictis.
There can be no dispute about this. Hereupon
commences a new series of modifications, and from
the Viverre are descended the Weasels.

We now pass from the Upper Focene of the
phosphate of Quercy to a somewhat later period,
which produced the Lower Miocene deposits of
Saint Gérard le Puy, on the Allier. Here is found
the Plesictis, a carnivorous animal distinguished
from the Viverre mainly by the form of its head.
Filhol points out that a ‘eomb’ (crista) of the
sagittal suture not previously existing, has been
formed by a contracting of the temporal ¢combs’
of the Cynodictis; in other words, that we
have the perfectly justifiable conelusion that
smaller species of Cynodictis passed over into the
form of Plesictis under the influence of natural
CANSes.

In the races directly descended from Cynodictis
a change takes place in the nature of the teeth, and
the dentition assumes more and more the character
of that of the weasel, while, on the other hand, the

peculiarities of the Viverra disappear ; thus the line

Plesictis— Stenoplesietis— Paleoprionodon  leads in
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agentle modifications to Mustela, and henceforth
there exist weasels, |

Equally distinet are the intermediate forms
by which 1s accomplished the transition from the
weasel's dentition to that of the Cats. The genus
Proelurnus appears likewise with two tuberculate
teeth 1n the upper jaw behind the carnassial tooth.
But single species of the genus sometimes show a
loss of the back molar, and herein approach the
ats ; the back edge of their carnassial tooth, more-
over, loses a tubercular heel or process. By this
small modification Proelurus has beecome Pseud-
@lurus, inasmuch as the modification was general and
continued for some length of time. In comparing
the following statement of the simplification of the

molars of the lower jaw :

Premolars Carnassial Tubercular teeth
i 1 1—p, m,
1 1 0—p, m,
3 1 0—p, m,

which have actually been observed, and which
shows, moreover, that the front premolar p® has
also become reduced—it becomes clear that the only
distinetion between a Pseudelurus of this kind, for
example, Ps. FEdwardsii and our present eats, is that
it possesses a minute premolar. Henee the areat

simplification in the number of teeth which Filhol

T 3
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was able to establish in these animals, justifies
the supposition that this small piece will disappear
later, in the same manner as has happened
previously to the one that existed in front of 1t (p'),
and had previously happened to the tuberculate
tooth (m?). The genus Felis herewith appears upon
the scenes.

The concentration of the dentition did not re-
main stationary at the stage acquired by the cats,

3

-

1 ; : B e
P or M the highest degree of specialisation was

attained by the so-called Sabre-toothed tiger (Ma-
chairodus) with the dental formula :
2 9 4 ; jr}-ﬂ mﬂ
AN L T
with 26 teeth against 80 in the cats. Machairodus,
an animal somewhat the size of a tiger, possessed
in its upper jaw a powerful sabre-shaped canine
tooth which projected from the mouth downwards
extending beyond the lower jaw. This lower jaw
shows an indentation obviously produced by the
pressure of the huge upper canine teeth as they
became more and more developed and endeavoured
to make room for themselves. The cause of the

dying out of this most definite of all the Carnivora

of the period, has been attributed to the extra-
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ordinary development of these tusks, the length of
which finally may have prevented their opening
their jaws sufficiently. In answer to this 1t can
only be said that a bad hypothesis is better than
none. The sabre-toothed tiger appears and dis-
appears in the Miocene deposits both of the Old
and the New World.

Psewdalurus was shown above to be an inter-
mediate form between the weasel and the -cat.
This does not exclude other intermediate forms.
One of these is the .Flurogale, also the size of a
tiger and found in great abundance in the phos-
phate of Quercy. Its upper jaw resembles that of
Cats, the lower jaw shows the teeth of the Muste-
lidee (weasels and otters). The races arrange them-
selves in such a manner that, notwithstanding the
extraordinary variations in the size of the teeth—
in those which deviate most from the primary
form—the lower jaw also has preserved the Cat
formula.’

' We shall not refrain from pointing out the difficulty
which is met with in this apparently simple line of descent.
Of all the living Carnivora the Cats possess the most perfect
rudimentary elavicles, the others have either smaller traces of
these or none at all. All the ancestors of the Cats must at least
have possessed clavicles such as are still met with in the Cats.

And it is quite intelligible that the clavicles should have con-
tinued to exist in Cats, owing to their have retained the habit of
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In order to illustrate our remarks we have
drawn up the following piece of pedigree :—

Viverrine dogs (Cynodictis)
i

VIVERRE
Plesictis
Stenoplesictis
P> A
'i |
Proslurus Pal@oprionodon
Pseudmlurus WEASELS

Cars

|
Sabre-toothed tiger

The above is the shortest way of expressing the
result of a long series of the most careful com-
parison of facts, and has as much right in claiming
to be credited as any other conclusion deduced from
seientific investigations, in whatever province the
facts have been gathered. When it is admitted that
the philologist can arrange the age, connection, and
succession of manuseripts, in a tabular form, from
the character of the writing, from the use of signs
climbing, while in the other animals they would become more
and more reduced. Naturally enough we do not know the
particulars connected with this reduetion. But should we sue-
ceed in establishing the want or a greater reduction of the
clavicle in one of the branch families in the above pedigree

(arranged according to the development of their dentition) our
whole arrangement would of course collapse,
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and word-forms, &e., and that the literary historian
may conclude that a certain work was written by
a certain author, from the style of the composition
and certain modes of expression, &e.; and further,
when it is admitted that a lawyer, by the eom-
bination of passages, all of which are obscure, can
throw light upon a case of Roman law, then I
maintain our procedure also-—a zoologico-palae-
ontological method of investigation and drawing
conclusions—must be granted as a matter of
conrse.

The descent of Weasels and Cats from those
changing forms of Cynodietis, therefore, presents a
grmt degree of probability but no actual eertainty ;
for different animals that appear geologically almost
as contemporaries, may oeccur parallel with one
another with preecisely similar dental formulas and
reduetions in the jaw. However, we ecome to the
certain econvietion that the transformations actually
took place, and that our present animal could and
must have originated in that natural manner.
And as it is mainly our wish merely to pave the
way for this opinion, it will be almost superfluous
to enter any more fully into the primary and tran-
sition forms between the present and the primeval
Carnivora.
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It may, however, be remarked that our Bears
had representatives in the Miocene. In those times
there existed the Amphicyon, of the size of a wolf,
but in reality & dog with p*, m?, the broad crowns
of the first two molars showing the incomings of
tubercles which point to a definite form of food.
This characteristic is even more marked in a later
form of bear-dog, Hywnarctos (p® m?), and has
preserved 1ts full development in the bear (Ursus)
from the Pliocene up to the present period. How-
ever, the fewer number of teeth of the Hysnarctos
again forbids its being classed with the actual
ancestral line of the Bears. The latter with their
flat tuberculate molars, which point to a fixed food,
and their folerably blunt carnassials, are compara-
tively a late modification, to a certain extent a
reversion to the beast of prey. This character
has, however, been retained by the polar bear,
which has again become a pure flesh- and fish-
eater.

Gaudry has pointed out an ancestor for Hyzenas
in the genus Ictitherium from among the fauna
discovered at Pikermi. All that was required in
this animal fo give its dentition the formula and
structure of that of the Hysna, was the disappear-
ance of the second molar above and below (and the
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upper one already shows signs of reduction), also
an extremely small difference in the carnassial
tooth. Indications even existed in the letitherium
of the peculiar strength of the premolars of our
present hysnas, which show a predilection for
enawing and crunching bones. Animals of the
Viverra type seem to have been the ancestors of
this branch.

In the Lower Focene strata of Europe, but more
particularly in the corresponding deposits of North
America, numerous Carnivora have been found
which differ more from the living families than
most of the fossil genera that were brought into
connection with them above, and which, moreover,
can. be brought into this connection, although,
taken as a whole, they prove to be but the first
stages of very highly developed beasts of prey from
the Upper Eocene. The characteristic which most
distinetly indicates the low position of the Early
Eocene beasts of prey, is the small development of
their brain, which is known to us from the form of
the skull, and from natural fillings and castings. In
their case the olfactory lobes appear as broad pro-
cesses of the fore end of the larger division of the
brain, the mid-brain being scarcely covered by it,
the back part not at all. As regards Europe, the
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Aretocyon  (Paleocyon blainville)' has long since
been known as an animal with a brain approaching
that of the Marsupial type ; whereas its dentition,
which resembles the earlier form of pig-shaped
animals, Fntelodon, points to the Omnivora, while it
has also something of the bear as a flesh-eater.
Further, we must mention the Hyenodon and
Pterodon, so often referred to, and usually defined
as ‘mixed forms’; they appear somewhat later, it
is true, but, nevertheless, show resemblances to the
Marsupials—for instance, in the form of their teeth
they are closely allied to the Thylacing, though not
as regards their change of teeth.

With these animals--which are partly also
found in America—Cope classes a whole series of
American genera of doubtful position mostly from
the Focene ; he gives them the name of Creodonta,
and regards them as the ancestors of the subsequent
Carnivora proper. In their ease the row of molars
is not separated definitely by a carnassial tooth, or
but imperfectly so: the jaws are lengthened, and
the musecles for chewing are placed in such a man-
ner that only a smaller degree of power can be
developed than in the subsequent true Carnivora ;

! Lemoine, *Recherches sur les ossements fossiles des
environs de Reims," Annales des sciences nat., 1879.
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these latter, by the shortening of their jaw and the
reduction of their dentition, were all the better able
to overpower their prey.

One of the most important forms of these Creo-
donta—Dbecause extremely numerous in New Mexico,
and found in three species in the phosphate of
Quercy—is Oxyena. The species vary in size
between a badger and a jaguar. The dental for-
mula is : ¢ %, ¢ :]i,}JIJE i, m % Herein, therefore,
the Focene fauna of the Old and the New World
again show connection.

We are the less inclined to enter upon an
account of the five families of Creodonta,' because
the grouping, the assumed connection, and, above
all, the derivation of our present large group of Car-
nivora, the dogs and cats, often seem to be in want
of those safe foundations pointing from ecase fo
case, from genus to genus, which Filhol's investi-
gations and deductions have made so incontestable.

In order, however, to give those of our readers
specially interested in the subject some suggestions
for further enquiry, we may here mention the

! Arctocynoide, Miacide, Oxymnide, Amblyetonide, Meso-
nychidese.
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systematic relationship into which Cope ! has placed
the Creodonta.

The mammals from the Wasatch beds of Utah
and of New Mexico have been divided into fifty-
four species, most of which are distinguished by a
very small and evidently low form of brain, to
Judge from the structure and position of its parts.
That of Coryphodon (Fig. 14) appears almost like
that of a reptile, and in this character the Hoofed
and Clawed Animals agree. They also agree in the
structure of their joints, the different parts of their
limbs, and also in the number of their toes, of
which five were observed in from forty-one to fifty-
four species. In the flesh-eaters there is no car-
nassial tooth; in the plant-eaters no teeth with
crescentic erowns; all the molars belong to the
type of tuberculate teeth, either in primitive sim-
plicity, or of that form where the tubercles are
compressed to the side, and coalesce into imperfect
transverse ridges. On this account the animals
have been named Bunotheria, and are arranged in
the following manner :—

Insectivora, Tweniodonta, Tillodonta, Creodonta, Mesodonta

Bunotheria.
There can be no doubt that these Early Eocene

! See p. 72, note.
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animals—owing to the above-mentioned peculiari-
ties—show a certain necessity for being classed
together, and it is self-evident that they must stand
nearer to one another, were it only on account of
the smaller period of time since their separation
from the primary stock, which must be assumed to
have been common to them all. However, in our
opinion, the characteristics specified above go no
further than to indicate a most general form of con-
nection. When Cope maintains that the different
groups of Bunotheria are related to one another,
somewhat in the same way as are the orders of
Marsupials, it seems to us that this searcely applies
to the case. To give an example: what has T'illo-
therium from the FEocene of Wyoming (Fig. 50) in
common with the flesh-eaters Arctocyon and
Oxyena? By the smallness of its brain most
certainly nothing ; nor by its five toes, and the cir-
cumstance that the whole sole of the foot is applied
to the ground. The resemblances in the molars are
not remarkable, while the decidedly rodent-like form
of the incisors only proves the peculiarity of the
animal. Any typical feature—such as the marsupial
pouch or the marsupial bones, or the openings of
the urinary and genital organs peculiar to the Maz-
supials—is not met with in any of these animals,
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as far as can be judged from the often great paucity
of their remains.

Only one point stands out in this attempt to
throw light upon the relationships between the

Fra. 50. - Skull of Tillotherinm fodiens, from above. One-fourth
nat. size. After Marsh.

mammals of that early period; the indrawing of

the Insectivora, of that type which has been pretty

faithfully preserved from the earliest traces of




THE SEALS. 287

Marsupials or Insectivora in the Trias down to the
present day, and which seems to have gradually
sent out oft-shoots in the most different directions,
till at length they became unrecognisable.

9. THE SEALS.

According to the form of their skull, dentition,
and mode of life, Seals are ‘ecarnivorous animals
that have adapted themselves to a life in water,’
and in this way they are generally described. In
order to make the theory acceptable, it is customary
to point to our Sea-otter, which, unlike its nearest
relative that thirsts for warm blood, has become a
pure fish-eater. The Sea-otter uses its hind limbs
after the manner of seals, and its skull shows a
depression of a similar kind to that which has
proved advantageous to the Seals. Hence, so it
1s said, we have to imagine the ancestors of the
Seals on that line which has led them farther and
farther from their original forms, which very gra-
dually changed their limbs into fin-shaped rudders
(while perfectly retaining the pelvis and the articu-
lation of the skeleton), and whose skull became a
light, thin-walled box not burdened with strong
teeth. Only the Walrus (Trichechus) has developed
a couple of heavy tusks, corresponding with its
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entirely different mode of life, inasmuch as it
burrows in the ground for eertain kinds of mussels.
All the others hunt for fish, which they can readily
tear to pieces with their sharp canine teeth and
pointed molars, which are compressed somewhat to
the side.

Of fossils that might illustrate the gradual in-
coming of Seals there are none. We conclude that
the process must, at one time, have begun with
carnivorous land-animals. The idea that the re-
verse might have been the case by their having, as
sea-animals, taken to a life on land, has as little
value here as in the case of the Cetaceans, which
are mammals, and have never been anything else.
The period during which they changed their element
lies at an immeasurable distance in the far past,
but is probably less distant than that in which the
ancestors of the whales took to the sea while re-
ducing their hind limbs.

There can be no question about making the
Whales (of course only the toothed group) the
primary parents of the Seals. Ifany comparison of
the kind is thought of, the Eocene Zeuglodonta could
alone be taken into consideration. But even these
latter do not show any points of connection ; their
skull would have to be retro-metamorphosed to form
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the skull of the seal, and their dentition would have
to be fuller ; hence the supposed points of connec-
tion would be confined to a superficial resemblance
in the crowns of the molars, as there was very
probably an essential difference in the formation
of the hind limbs.

As we are absolutely without any clue to the
origin of Seals, we may here mention one other
circumstance which seems to speak in favour of
the great age of this side-branch of the primary
Carnivora. What we yet know of the change of
teeth in Seals shows that the change takes place at
an extraordinarily early stage of life.! In most
cases the change takes place before birth ; the milk-
teeth never come to be of any use whatever, and the
permanent teeth are cut when the young animal is
but a few weeks old, and while making its first
feeble efforts to join its parents in their repasts.
Fig. 51 shows the teeth of a probably still unborn
Greenland seal (Phoca grinlandica). The shading
shows the limit of the gums. It will be seen
that the milk-teeth have already vanished, all but

f

a few unimportant remains; d £, have wholly

' J. Steenstrup, ‘Maelkestandsaettet hos Remmesaelen,’
Naturhistorick Foreningens Vidensk. Meddeleser. 1880,

L
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disappeared, the first and only permanent molar
of the lower jaw has already cut the gum.

Teeth of the same kind as these milk-teeth,
which are wholly without any significance to the
individual as functional organs, but of the highest
interest for the history of the group, we became
acquainted with when discussing the Whales (p. 247).

Fis. 51.-- Faetal Teeth of a Greenland Seal.

The embryonal teeth of the Whalebone whales—even
though there were no Dolphins or Sperm whales—
are an irrefutable proof that the Whalebone whales
are descended from toothed animals. In the same
way the case before us shows, that the milk-teeth
of Seals which have in our day become of utter
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insignificance to the organism, were of actual
service to their ancestors, just as the deciduous
teeth of most of our present mammals are of use for
several years. None of these milk-teeth have the
prospect of being preserved like the one remaining
deciduous tooth of the Marsupials (p. 94) ; accord-
inglv the Seals of future periods will undoubtedly
not show a trace of milk-teeth.

The Seals belong to the physically weaker groups
of mammals, and it is certainly most remarkable,
and as yet not explicable, that the other mammals
also, which have already been diseussed, and are
allied to the Seals as regards the suppression of the
change of teeth, belong, on the whole, to the less
favoured or less strongly developed orders. For,
as we have repeatedly remarked, the main feature
that runs through the whole world of mammals is
the concentration of strength upon a shortened
jaw, at the cost of the disappearance of teeth. This
18 most evident in the case of true Carnivora, where,
however, the milk-teeth still play an important part.

10. THE INSECTIVORA, OR INSECT-EATERS.—RODENTIA,
OR RODENTS.—CHEIROPTERA, OR BATS.
Of these three orders the Insect-eaters have
already been mentioned from time to time. They
u 2
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existed in very early times, and had, at the begin-
ning of the Tertiary, already attained a stage of
development which has been transmitted to the
pre.f;eﬁt members of the group, with but trifling
modifications ; and it is probable that a transi-
tion into hoofed and carnivorous animals had
shown signs of incoming as early as the so-called
Mesozoic period. The question as to why all the
group did not join in the transformation is as
obvious as the answer to all similar questions : that
the speecial conditions of life for these animals
must have existed uninterruptedly, and that, in
addition, they possessed a great amount of adap-
tability. Thus we find the order of Insect-eaters—
which is represented in Central Europe only by
the hedgehog, mole, and shrew, but more numer-
ously in other parts—in many ways similarly
adapted to the most varied conditions of existence
as the Rodents. In fact, their variability, even in
primeval times, explains the fact of their having
been able to adapt themselves to entirely new
organisations, and Huxley specially traces to them
the hoofed and carnivorous animals.

The same remarks apply to the Rodents, except
that in all of the periods known to us through
fossils, they were far more numerously represented.
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The Rodent type is likewise found perfected at the
beginning of the Tertiary period. It may be said
that it was then less specialised, that most of the
Rodents of those days were more carnivorous than
the majority of our day, or, at least, more omni-
vorous ; however, little is to be gained from this for
our present enquiry.

The dentition of the Rodents appears to be
prepared, and almost perfectly attained, by the
Marsupials ;' and thus in following their tracks
we are again referred to the Jura period, and even
further back, where the separation of an already
developed mammalian fauna had taken place : into
Marsupials (as the main group), Rodents, and
Insect-eaters.

The latter order, no doubt, gave rise to the Bats,
which have fluttered about in their present shape
since the Eocene period. Two of our most common

! A comparison of the very different shapes of the molars in
the Rodents among one another, and the approximation of many
of the genera—not as yet decided Rodents—to the Rodent type
(for instance, the wombat, the fingered-animal, and rock coney)
renders it extremely probable that even our present Rodents are
not of one and the same origin, * The fact remains, animals of
different derivation have attained a similar exterior, succeed
extremely well in the struggle for existence, or even better in
their endeavour to obtain food. Unlike as they may be, in one

point they are incontestably alike, i.e. in the development of
continuously growing incigors.’ —Bauae,
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genera, Vespertilio and Rhinolophus, were contem-
poraries of the Palmotheride and the Cynodictis of
South-western France. As regards their origin we
can only confess our ignorance on the subject, even
though we can perfectly well imagine the transfor-
mation of a climbing insect-eater into a flying one.
The elongation of the fingers of the fore limb, and
the expansion of the flying membrane to the hind
limbs, took place in those early periods from which,
as far as our knowledge of the Mammalia is con-
cerned, only a few dim rays of light have found
their way to us.

11. THE PROSIMIT, SEMI-APES.—SIMI¥, APES.

THE MAN OF THE FUTURE.

The opinion of zoologists of the Linngan school,
and those belonging to the first half of our century,
that the whole class of Semi-apes were, in fact, half
apes has generally been abandoned; the opinion
was based upon the oceurrence of hands on the fore
and hind limbs, upon fthe formation of the face, and
upon the peculiar dentition, which in most cases
shows no gaps. The more recent theory does not ex-
clude the supposition that among the very differently
formed genera of so-called Semi-apes, one or other
species might claim a closer relationship with the
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Apes, but neither the result of any anatomical or
paleontological investigation allows us to draw
even a plausible inference of any such probability.

As there are only a small number of genera of
Semi-apes, and these are confined to Madagascar
(Africa and Southern Asia possess only a few aber-
rant members of the group), we had to conclude
that they are but the remnant of a group. Their
dentition and brain point to the Insectivora, of whose
morphological capacities we have had such important
instances in the course of our discourse.

A truoe semi-ape—and, as regards skull and
dentition, a lemur of our day—was discovered by
Filhol among the varied accumulation of mammals
in the phosphate of Querey, and was named Ne-
crolemur antiquus. By its side there lived several
species of a genus already disecovered by Cuvier, the
Adapis, an animal whose dentition points to a re-
lationship with the Pig-shaped tribe, but still may
have been a creature of arboreal habits. Another
animal has had its position assigned to it by the
name of Cebocharus, i.e. Hog-ape, owing to its
very characteristic molars, the crowns of which
show four tubercles. America has also furnished
its contingent to this group, which combines the
characteristiecs of the thick-skinned animals with
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those of semi-apes, a combination which has not
shown much capacity for resistance or of adapta-
bility to new conditions of life.

That forms of this kind gave rise to the Apes has
been conjectured by different palzontologists and
also by Gaudry. The Apes found in the Miocene
of the Old World belong already partly to the still-
existing group—we dare not say family—and have
been called ¢ Anthropomorph@’ (man-like apes)
owing to various peculiarities in different genera.
If we hold by the present arrangement of the
order, and agree to the opinion—Dbased upon facts
that have never seriously been doubted, and are
founded upon substantial reasons in the history of
the individual development as well as of anatomy—
that the apes of to-day form a kindred unity, other
considerations will present themselves. It is true
that lowest species of South American apes, the
clawed apes, have thirty-two teeth like those of the
Eastern hemisphere, but the form of these teeth and
the structure of the hands and feet point to a
decidedly close proximity with the Insectivora.
Further, they are allied to the Apes of the New
World by the fact that they do not, like the Apes
of the Old World, possess two, but show three
premolars. And all the other American apes show
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g—:—g cheek-teeth, not
Miocene apes of Europe and Asia show a reduction
in the dentition, hence the American apes stand
nearer to the primary forms. Further, the genera

with six cheek-teeth, it seems to us, point more

5:5. Even the earliest

probably to ancestors of the Insectivorous species
than to the Pachyderma. It is, therefore, not
only possible, but has come to seem probable, that
our present apes, in regard to their descent, have
met from two entirely distinet origins : the American
group from the Insectivora, the Europe-Asiatic line,
with the Anthropomorphe, from ancestors of the
Pachydermata species.

This would lead up to the question as to whether
our own ancestors belonged to the thick-skinned
group. But the very title of our book withholds us
from entering upon this subject, and we are all
the more justified in postponing any such discussion,
as the study of anthropology can in no way boast
of having made any definite progress during the
last ten years.'

' The relation between the Anthropomorphoid Apes and Man
has been admirably discussed by Hartmann, * Die mensch-
dhnlichen Affen.,” Imfernat. wissenschaft. Bibliothek, 60 Bd.
Leipzig, 1883. For further accounts of this subject we wonld
refer the reader to Schlisser and Seler, Die ersten Menschen wund
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However, we may be permitted to cast a glance
at the future. Our discussion has repeatedly
proved that any advance in the animal groups was
connected with a reduction of the jaw or of the
limbs. It would seem that any reduction in the
fingers or toes of the human hand or foot would be
neither desirable nor advantageous in any way;
moreover no such loss is to be feared, although it
may be, as Darwin says, that baldness is in prospect
for men of the English race. It is a different
matter as regards our dentition, and we are not
so certain of its continuing In its present state,
although the human race would seem to have com-
menced with it as it is, and found it sufficient for
the most varied conditions of existence. But never-
theless a few gentle warnings seem to shake the
belief in this supposed unalterable stability.

The alternative as to whether Man was created
or developed can no longer be raised, now that we
are exercising the free use of our reason. Man’s
dentition has to be judged from our experiences
made in the mammalian group. Hence, first of
all, it is a reduced dentition. True, we do not
know the definite stages by which it was attained

die prihistorischen Zeiten. According to a work of the same
name by the Marquis de Nardaillac, Stuttgart, 1884,
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in Man, any more than we do in the case of the
Anthropomorphoids and all the other Apes of the
Old World, but we shall not hesitate to maintain
that the ancestors of Man possessed a fuller number
of teeth, as long as deductions are justified from the
observation of facts. Our teeth have decreased in
number during the course of our geologico-zoolo-
oical development; we have lost on either side,
above and below, {wo incisors, two premolars, and
one molar. By this we transfer ourselves back to
those periods from whieh the jaw of the Otocyon
has been preserved (see p. 267). DBaume, our
eminent odontologist, iIn a recent work which we
have repeatedly referred to, has successfully fol-
lowed and pointed out cases of atavism or reversion
in the human jaw, by tracing cases of ‘surplus’
teeth—and certain dental formations met with in
the jaws in a large percentage of cases—back to
those portions of the jaw in the animal ancestors
of Man which have disappeared in the course
of ages.

If, in former times, more teeth were met with in
the group which was perfecting itself into Man, we
must be permitted to ask—nay, we are compelled in
a purely scientific spirit to ask—whether things
have come to a standstill in this part of our
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organisation, or whether a further reduction is to
be anticipated ? Man is certainly one of the so-
called ‘persistent species,” but he is not uncon-
ditionally stationary. He varies as regards
dentition. Imperfect as are our statistics on this
point, this much is certain, that the cases of dis-
appearance or loss of teeth most frequently coneern
the so-called wisdom tfeeth and then the outer
incisors. We do not of course know how often the
question has applied to the actual and complete loss
of the teeth, or only to some interference with the
teeth cutting the gum, occasioned by a limitation
of the neccessary space. However, it must be re-
membered that the shortening of the jaw stands in
direct correlation with the reduetion of the den-
tition. A prediction of the Man of the Future is
given us by Cope: the lower races of men will
i W

':{311

retain the dentition of the present day, i 5

P 3, m g, while the intellectually higher races

will be distinguished by the dental formulas :
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We agree with this in so far that, as a rule, the
reduction of the dentition—where the disappearance
does not affect the whole set of teeth—ecan be brought
mto connection with the idea of progress, and many
proofs of this have been given in the course of our
discussion. Still this higher faculty of resistance
and of acquiring food is not necessarily accom-
panied by an inerease in the power of the adapta-
bility and a perfecting of the intellectual faculties.
In the Cat we have a more powerful, and hence a
higher development of the nature of the rapacious
animal than in the Dog, with its more old-fashioned
form of dentition. Yet who would think of placing
Cats as intellectually higher than Dogs? Tt is
the same with the prospects of the human races.
Modifications in the human dentition are sure to
take place, as surely as man cannot rid himself of
his animal ancestors, even though they may be felt
to be inconvenient. But progress in the intellectual
and moral domain—and here our well-founded
idealism steps in—is not dependent upon the
possession or the loss of our wisdom teeth. The
correlation is not wanting, but it makes itself felt
in an opposite direction. The man who is engaged
in making inventions and in scientific pursuits, and
1s advancing and encouraging all the nobler and
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more refined enjoyments of life, is not improving
the instruments for the aecquisition of his food ;
they deteriorate in his hands—a condition which
first began to make its appearance with the inven-
tion of cooking. The reduction of the human
dentition—which has been of advantage to the
species in its struggle for existence—has further
increased and changed to a kind of atavism or
reversion, sinee reason, acquired with speech, has
made Man more and more independent of the direct
effects of his natural surroundings.

Henee it is not merely from a purely zoological
point of view that an inference is formed regarding
the future change of the human race. Moreover,
we cherish the hope—which is justified by scientific
experiences—and the belief, which rests upon the
same foundation, and these convince us of the
sure advance of humanity, and of the gradual and
general diffusion of morality, culture, and well-
being among the various races of Man.
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1II. A Popular Edition, In 1 vol., 8vo, 6.

The Fight of Faith. Sermons preached on various occasions.
Fifth Edition. Crown 8vo, 75 64.

Thg. Spirit of the Christian Life. Third Edition. Crown
Vo, 54

Theology in the English Poets.— Cowper, Coleridge, Words-
worth, and Burns, Fifth Edition. Post 8vo, 5s.

Christ in Modern Life. Sixteenth Edition. Crown 8vo, §s.
Sermons. First Series. Thirteenth Edition. Crown 8vo, 55.
Sermons. Second Series, Sixth Edition. Crown 8vo, ss.

BROWWN, Rev. ¥, Baldwin, B.A.—The Higher Life. Iis Reality,
Experience, and Destiny. Sixth Edition. Crown 8vo, §s,

Doctrine of Annihilation in the Light of the Gospel of
Love. Five Discourses. Fourth Edition. Crown 8vo, 2s. 6.
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BROWN, Rev. ¥. Baldwin, B.A.—continued.
The Christian Policy of Life. A Book for Young Men of
Business. Third Edition. Crown 8vo, 3s. 64.

BROWN, Horatio F.—Life on the Lagoons. With two Illustrations
and Map. Crown 8vo, 6s.

BROWNBILL, Fohn.—Principles of English Canon Law.
Part I. General Introduction. Crown 8vo, 6s.

BURDETT, Henry C.—Help in Sickness—Where to Go and
YWhat to Do. Crown 8vo, 1s. 64.
Helps to Health. The Habitation—The Nursery—The School-
room and—The Person. With a Chapter on Pleasure and Health
Resorts. Crown 8vo, Is. 64,

BURKE, The Late Very Rev. T. N—His Life. By W. J. Firz-
PATRICK. 2 vols, With Portrait. Demy 8vo.

BURTON, Mrs. Richard—The Inner Life of Syria, Palestine,
and the Holy Land. [Iost 8vo, 6s.

BUSBECQ, Ogier Ghiselin de.—Hlis Life and Letters. By CHARLES
THORNTON FORSTER, MLA,, and F. H. BLACKBURNE DANIELL,
M.A. 2vols. With Frontispieces. Demy 8vo, 244,

CARPENTER, W, B., LL.D., M.D., F.R.S., ¢e/c.—The Principles
of Mental Physiology. With their Applications to the
Training and Discipline of the Mind, and the Study of its Morbid
Conditions. Illustrated. Sixth Edition., 8vo, 12s.

Catholic Dictionary. Containing some Account of the Daoctrine,
Discipline, Rites, Ceremonies, Councils, and Religious Orders of
the Catholic Church. By WiLLiam E. Appis and THoMAS
ArNoLD, M.A., Third Edition. Demy 8vo, 21s,

CHEYNE, Kev. 7. K.-—The Prophecies of Isaiah. Translated
with Critical Notes and Dissertations. 2 vols, Third Edition.
Demy 8vo, 25+

CHICHELE, Mary.—Doing and Undoing. A Story. 1 vol
Crown 8vo, 4s. 64.

Circulating Capital. Being an Inquiry into the Fundamental Laws

of Money. An Essay by an East India Merchant. Small crown
8vo, 65,

CLAIRAUT, —Elements of Geometry. Translated by Dr.
Kamnes, With 145 Figures. Crown 8vo, 4. 6d.

CLAPPERTON, Fane Hume —Scientific Meliorism and the
Evolution of Happiness. Large crown 8vo, 8s5. 64,

CLARKE, Rev. Henry James, A.K,C.—The Fundamental Science.
Demy 8vo, 105. 64.

CLAVDEN, P. W.—Samuel Sharpe. Egyptologist and Translator
of the Bible. Cirown 8vo, 6s.

CLIFFORD, 6-5':?!.’11!-:;‘.?. —What Think Ye of the Christ? Crown
&vo, b5,
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CLODD, Edward, F.R.A4.5.—The Childhood of the World : a
Simple Account of Man in Early Times, Seventh Edition.
Crown 8vo, 3s.

A Special Edition for Schools, 1.

The Childhood of Religions. Including a Simple Account of
the Birth and Growth of Myths and Legends, Eighth Thousand.
Crown 8vo, 5.

A Special Edition for Schools, 15, 64.

Jdesus of Nazareth. With a brief sketch of Jewish History to the
Time of His Birth. Small crown 8vo, 6s,

COGHLAN, F. Coley, D.D.—The Modern Pharisee and other
Sermons. Edited by the Very Rev. H, H. Dickinson, D.D.,
Dean of Chapel Royal, Dublin. New and Cheaper Edition.
Crown 8vo, 7s. 64.

COLE, George R. Fits:-Rop.—The Peruvians at Home. Crown
8vo, 0.

COLERIDGE, Sara.—Memoir and Letters of Sara Coleridge.
Edited by her Daughter. With Index. Cheap Edition, With
Portrait. 7s. 64.

Collects Exemplified. Being Illustrations from the Old and New
Testaments of the Collects for the Sundays after Trinity, By the
Author of *“ A Commentary on the Epistles and Gospels.” Edited
by the Rev. JosErH JacksoN. Crown 8vo, 55

CONNELL, A. K.—Discontent and Danger in India. Small
crown 8vo, 3¢ 64,

The Economic Revolution of India. Crown 8vo, 4s. 64,

CORY, William.—A Guide to Modern English History. PartT,
—MDCCCXV.-MDCCCXXX. Demy 8vo, g5 Part II.—
MDCCC}'{KK.HMDCCCX}{}{V., I55.

COTTERILL, . B.—An Introduction to the Study of Poetry.
Crown 8vo, 75, 64,

COTTON, H. ¥. S5.—New India, or India in Transition.
Crown 8vo, 4s. 64,

COUTTS, Francis Burdett Money.—The Training of the Instinct

of Love. With a Preface by the Rev. EDWARD THRING, M. A,
Small crown 8vo, 25, 64,

COX, Rev. Sir George W., M. A., Bart.—The Mythology of the
Aryan Nations. New Edition, Demy 8vo, 165
Tales of Ancient Greece. New Edition. Small crown 8vo, 6y,

A Manual of Mythology in the form of Question and
Answer. New Edition. Fcap. 8vo, 3s

An Introduction to the Science of Comparative Myth-
ology and Folk-Lore. Second Edition. Crown 8vo, 75, 6d.

COX, Rev. Sir G. W., M.A., Bart., and FONES, Eustace Hinton,—
Popular Romances of the Middle Ages. Third
Edition, in 1 vol. Crown 8vo, 6s,
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CCX, Rev. Samuel, D.D.—A Commentary on the Book of Job.
With a Translation. Second Edition. Demy 8vo, 155

Salvator Mundi ; or, Is Christ the Saviour of all Men? Tenth
Edition. Crown 8vo, 5.

The Larger Hope. A Sequel to “Salvator Mundi.” Second
Edition. 16mo, Is.

The Genesis of Evil, and other Sermons, mainly expository.
Third Edition. Crown 8vo, 6s.

Balaam. An Exposition and a Study. Crown 8vo, 55
Miracles. An Argument and a Challenge. Crown 8vo, 25, 64,
CRAVEN, Mrs.—A Year's Meditations. Crown 8vo, bs.

CRAWFURD, Oswald.—Portugal, Old and New. With Illustra-
tions and Maps. New and Cheaper Edition. Crown Svo, 6s.

CROZIER, Fohn Beattie, M.B.—The Religion of the Future.
Crown 8vo, 6s.

CUNNINGHAM, W., B.D.—Politics and Economics: An Essay
on the Nature of the Principles of Political Economy, together I

with a survey of Recent Legislation. Crown 8vo, 5s.

DANIELL, Clarmont.—The Gold Treasure of India. An Inquiry
into its Amount, the Cause of its Accumulation, and the Proper -

Means ef using it as Money. Crown 8vo, 55
Danish Parsonage. By an Angler. Crown 8vo, 6s.

Darkness and Dawn : the Peaceful Birth of a New Age., Small
crown 8vo, 25, 6d.

DAVIDSON, Rev. Samuel, D.D.,, LL.D~—Canon of the Bible ;
Its Formation, History, and Fluctuations. Third and Revised
Edition. Small crown 8vo, §s.

The Doctrine of Last Things contained in the New Testa-
ment compared with the Notions of the Jews and the Statements
of Church Creeds. Small crown 8vo, 3s. 64,

DAVIDSON, Thomas,.—The Parthenon Frieze, and other Essays,
Crown 8vo, 6s.

DAWSON, Geo., M. 4. Prayers, with a Discourse on Prayer.
Edited by his Wife., First Series. Ninth Edition. Crown
8vo, 3s. 64,

Pravyers, with a Discourse on Prayer. Edited by GEORGE
StT. CLAIR, Second Series. Crown 8vo, 65,

Sermons on Disputed Points and Special Occasions.
Edited by his Wife. Fourth Edition. Crown 8vo, 6s.

Sermons on Daily Life and Duty. Edited by his Wife.
Fourth Edition, Crown 8vo, 6s.
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DAWSON, Geo., M.A.—continued,

The Authentic Gospel, and other Sermons. Edited by
GEORGE ST. CLAIR, F.G.S. Third Edition. Crown 8vo, 6v.

Three Books of God : Nature, History, and Scripture.
Sermons edited by GEoRGE St1. CLAIR, F.G.S. Crown 8vo, 6s.

Biographical Lectures. Edited by GEORGE ST. CLAIR, F.G.S.

Large crown, 8vo, 75 64.

DE FONCOURT, Madame Marie.—Wholesome Cookery. Third
Edition. Crown 8vo, 3r. 64,

DE LONG, Licut. Com. G. W.—The Voyage of the Jeannette.
The Ship and Ice Journals of. Edited by his Wife, EMMA
De LonG. With Portraits, Maps, and many Illustrations on
wood and stone, 2 vols. Demy 8vo, 36s.

Democracy in the Old World and the New. By the Author
of ** The Suez Canal, the Eastern Question, and Abyssinia,” ete.
Small crown 8vo, 25, 64, .

DEVEREUX, W. Cope, R.V., F.R.G.5.—Fair Italy, the Riviera,
and Monte Carlo. Comprising a Tour through North and
South Italy and Sicily, with a short account of Malta. Crown
8vo, 6.

Discourse on the Shedding of Blood, and The Laws of
War. Demy 8vo, 2s. 64,

DOWDEN, Edward, LL.D.—Shakspere: a Critical Study of his
Mind and Art. Seventh Edition. Post 8vo, 12s.

Studies in Literature, 1789-1877. Third Edition. Large
post 8vo, 6s.

DU MONCEL, Count.—The Telephone, the Microphone, and
the Phonograph. With 74 Illustrations. Third Edition.
Small crown 8vo, 5./

DURUY, Victor.—History of Rome and the Roman People.
Edited by Prof. MAHAFFY. With nearly 3000 Illustrations. 4to.
Vols. I.—1IV. in 8§ parts, jos. each vol,

EDGEWORTH, F. Y.—Mathematical Psychics. An Essay on

the é&pplicatinn of Mathematics to Social Science. Demy 8vo,
75, 6d,

Educational Code of the Prussian Nation, in its Present
Form. In accordance with the Decisions of the Common Pro-
Tiniili'l Law, and with those of Recent Legislation, Crowa 8vo,
2!} -

Education Library. Edited by PriLip MAGNUS :—

An Introduction to the History of Educational
Thﬁegries. By Oscar BrownNING, M.,A., Second Edition,
35. 6d.
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Education Library—coniinued.

0ld Greek Education. DBy the Rev. Prof. MAHAFFY, M.A.
Second Edition. 3s. 64. i

School Management. Including a general view of the work

of Edueation, Organization and Discipline. By JoSEPH LANDON.
Fourth Edition. 6.

EDWARDES, The Late Major-General Sir Herbert B., X.C.B., &c.—
Memorials of the Life and Letters of. By his Wife.
2 vols. With Illustrations. Demy 8vo, Cloth.

ELSDALE, Henry.—Studies in Tennyson’s Idylls. Crown 8vo, 5+

ELYOT, Sir Thomas.—The Boke named the Gouernour. Edited
from the First Edition of 1531 by HENRY HERBERT STEPHEN
CrorT, M.A., Barrister-at-Law. 2 vols. Fecap. 4to, 505

Emerson’s (Ralph Waldo) Life. By Oriver WENDELL HOLMES.
English Copyright Edition. With Portrait. Crown 8vo, 6s.

Enoch the Prophet. The Book of.- Archbishop LAURENCE'S Trans-
lation, with an Introduction by the Author of *‘ The Evolution of
Christianity.” Crown 8vo, 5.

Eranus. A Collection of Exercises in the Alcaic and Sapphic Metres.
Edited by F. W. CorNisH, Assistant Master at Eton, Second
Edition. Crown 8vo, 2s.

EVANS, Mark.—The Story of Our Father's Love, told to
Children., Sixth and Cheaper Edition. With Four Illustrations.
Feap. 8vo, Is. 6d.

“ Fan Kwae” at Canton before Treaty Days 1825-1844.
By an old Resident, With Frontispiece, Crown 8vo, 55,
Faith of the Unlearned, The. Authority, apart from the Sanction

of Reason, an Insufficient Basis for It. Dy “*One Unlearned.”
Crown 8vo, 65.

FEIS, %acob.—Shakspere and Montaigne. An Endeavour to
Explain the Tendency of Hamlet from Allusions in Contemporary
Works, Crown 8vo, §s.

FLECKER, Rev. Eliezer—Scripture Onomatology. Being Critical
Notes on the Septuagint and other Versions, Second Edition.
Crown 8vo, 35 64,

FLOREDICE, W. if—A Month among the Mere Irish. Small
crown 8vo, 5.

Frank Leward. Edited by CHARLES BamrroN, Crown 8vo, ¥s. 6a.

FULLER, Rev. Morris.—The Lord's Day ; or, Christian Sunday.
Its Unity, History, Philosophy, and Perpetual Obligation,
Sermons. Demy 8vo, 105, 64,

GARDINER, Samuel R., and ¥ BASS MULLINGER, M. A.—
Introduction to the Study of English History. Second
Edition. Large crown 8vo, 9s.
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CARDNER, Dorssy.—Quatre Bras, Ligny, and Waterloo, A
Nairative of the Campaign in Belgium, 1815. With Maps and
Plans, Demy 8vo, 16s.

Genesis in Advance of Present Science., A Critical Investigation
of Chapters I.-IX. By a Septuagenarian Beneficed Presbyter,
Demy &vo. 10s. 64,

GEORGE, Henry.—Progress and Poverty : An Inquir{ into the
Causes of Industrial Depressions, and of Increase of Vant with
Increase of Wealth, The Remedy. Fifth Library Edition,
Post 8vo, 7s. 64. Cabinet Edition. ~Crown 8vo, 2;. 64, Also a
Cheap Edition. Limp cloth, 15, 64, Paper covers, 1s.

Social Problems. Fourth Thousand, Crown 8vo, 55, Cheap
Edition, Paper covers, 1.

GLANVILL, oseph.—Scepsis Scientifica ; or, Confest Ignorance,
the Way to Science; in an Essay of the Vanity of Dogmatizing
and Confident Opinion. Edited, with Introductory Essay, by
Joux OweNn.  Elzevir 8vo, printed on hand-made paper, 6s.

Glossary of Terms and Phrases. Edited by the Rev. H. PeErcy
SMITH and others, Second and Cheaper Edition. Medium
8‘“:'. ?»f- ﬁff.

GLOVER, F., M. A —Exempla Latina. A First Construing Book,
with Short Notes, Lexicon, and an Introduction to the Analysis
of Sentences. Second Edition, Feap, 8vo, 2s.

GOLDSMID, Sir Francis Henry, Bart,, 0.C., M. P.—Memoir of.
With Portrait, Second Edition, Revised. Crown 8vo, 6s,

GCOODENOUGH, Conmodore 7. G.—Memoir of, with Extracts from
his Letters and Journals. Edited by his Widow. With Steel
Engraved Portrait. Third Edition. Crown 8vo, 5o

GORDON, Major-Genl. C. G — His Journals at EKartoum.
Printed from the original MS. With Introduction and Notes by
A. EcMmoNT HAKE, Portrait, 2 Maps, and 30 Hlustrations,
Two vols., demy 8vo, 215, Also a Cheap Edition in 1 vol., 65,

Gordon’s (General) Last J ournal., A Facsimile of the last
Journal received in England from GENERAL GoRrbDon, Repro
duced by Photo-lithography, Imperial 4to, £3 3s.

COSSE, Edmund.—Studies in the Literature of Northern
Europe. New Edition. Large crown 8vo, 6s,

Seventeenth Century Studies. A Contribution to the History
of English Poetry. Demy 8vo, 105, 64,

GOULD, Rev. S. Baring, M. A.—Germany, Present and Past.
New and Cheaper Edition. Large crown 8vo, 7s. 64,

GCOWAN, Major Walter E.—A. Ivanoff’s Russian Grammar,
(16th Edition.) Translated, enlarged, and arranged for use of
Students of the Russian Language. Demy 8vo, 6s.

E—
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GOWER, Lord Ronald. 1My Reminiscences. MINIATURE EDITIOX,
printed on hand-made paper, limp parchment antique, 10s. 6d.

Last Days of Mary Antoinette. An Historical Sketch.
Fcap. 4to.

Notes of a Tour from Brindisi to Yokohama, 1883~
1884. Fcap. 8vo, 25 64

GRAHAM, William, M.A.—The Creed of Science, Religious, Moral,
and Social. Second Edition, Revised. Crown 8vo, 65

The Social Problem in its Economic, Moral, and
Political Aspects. Demy 8vo.

GREY, Rowland.—In Sunny Switzerland. A Tale of Six Weeks.
Second Edition. Small crown 8vo, §s.
Lindenblumen and other Stories. Small crown &vo, 55
GRIFFITH, Thomas, A.M.—The Gospel of the Divine Life: a
Study of the Fourth Evangelist. Demy 8vo, 145

GRIMLEY, Rev. H. N., M.A.—Tremadoc Sermons, chiefly on
the Spiritual Body, the Unseen World, and the
Divine Humanity. Fourth Edition. Crown 8vo, 6s.

GUSTAFSON, Alex.—The Foundation of Death. Third Edition.
Crown 8vo, 5.

Some Thoughts on Moderation. Reprinted from a Paper
read at the Reeve Mission Room, Manchester Square, June &,
1885. Crown 3vo, I

HAECKREL, P:?‘%/. Ernst.—The History of Creation. Translation
revised Dy Professor E. Ray LANKESTER, M.A., F.R.5. With
Coloured Plates and Genealogical Trees of the various groups
of both Plants and Animals. 2 vols, Third Edition. Fost
8vo, 32s.

The History of the Evolution of Man. With numerous
Illustrations. 2 vols. Post 8vo, 324

A Visit to Ceylon. Post 8vo, 7s. 6d.

Freedom in Science and Teaching, With a Prefatory Note
by T. H. Huxtey, F.R.S. Crown 8vo, 55

HALE-CROWN SERIES :—
A Lost Love. By An~NA C. OGLE [Ashford Owenl.
Sister Dora : a Biography. By MARGARET LONSDALE.

True Words for Brave Men : a Book for Soldiers and Sailors.
By the late CHARLES KINGSLEY.

Notes of Travel : being Extracts from the Journals of Count Von
MOLTKE.

English Sonnets. Collected and Arranged by J. DENNIS.

Home Songs for Quiet Hours. By the Rev. Canon R. H.
BavnEs,
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HARRIS, William.—The History of the Radical Party in
Parliament. Demy 8vo, 15s.

HARROP, Roberi,—Bolingbroke, A Political Study and Criticism.
Demy 8vo, 144.

HART, Rev. 7. W. T.—The Autobiography of Judas Iscariot.
A Character Study. Crown 8vo, 3s. 64.

HAWELS, Rev. H. R., M. 4A.—Current Coin. Materialism—The
Devil—Crime— Drunkenness—Pauperism—Emotion—Recreation
—The Sabbath. Fifth Edition. Crown 8vo, 5s.

Arrows in the Air. Fifth Edition, Crown 8vo, 55,
Speech in Season. Fifth Edition. Crown 8vo, 5.
Thoughts for the Times. Thirteenth Edition. Crown 8vo, 5,

Unseclarian Family Prayers. New Edition, Fcap. 8vo,
15, 6.

HAIWKINS, Edwards Comerford —Spirit and Form. Sermons
preached in the Parish Church of Leatherhead. Crown 8vo, 6s,

HAWTHORNE, Nathaniel—Works. Complete in Twelve Volumes.
Large post 8vo, 7s. 6d. each volume,

Vor. I. TwicE-ToLD TALES.
IT. MossEs FRoM AN OLD MANSE.
III. Tue HousE OF THE SEVEN GABLES, AND THE Sxow
IMAGE.
IV. THE WoxnpErRBOOK, TANGLEWOOD TALES, AND GRAND-
FATHER'S CHAIR.
V. THE SCARLET LETTER, AND THE BLITHEDALE ROMANCE.
VI. THE MARBLE FAun. [Transformation,]
V“IIH } Our OLD HoME, AND EncGLisH NoTE-Books,
IX. AMERICAN NoTE-BooOKs.
X. FreExcH AND ITALIAN NoTE-Books.
X1, SEPTIMIUS FELTON, THE DOLLIVER [LOMANCE, FANSHAWE,
AND, IN AN APPENDIX, THE ANCESTRAL FOOTSTEP.
XIL. TALEs AND EssAvs, AND OTHER PAPERS, WITH A Bio-
GRAPHICAL SKETCH OF HAWTHORNE.

HEATH, Francis George.—Autumnal Leaves. Third and cheaper
Edition. Large crown 8vo, 6s.
Sylvan Winter. With 7o Illustrations. Large crown 8vo.

HENNESSY, Sir John Pope.—Ralegh in Ireland. With his Letters
on Irish Affairs and some Contemporary Documents. Large crown
8vo, printed on hand-made paper, parchment, 10s. 64,

HENRY, Philip.—Diaries and Letters of. FEdited by MATTHEW
HENRY LEE, M\A. Large crown 8vo, 75 64,

HIDE, Albert,.—The Age to Come. Small crown 8vo, 25, 64,

HIME, Major H. W, L,, K. A4, —Wagnerism : A Protest. Crown
81-‘10, 25, 6d,
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HINTON, 7.—Life and Letters. With an Introduction by Sir W.
W. Guiri, Bart., and Portrait engraved on Steel by C, H. Jeens.
Fifth Edition. Crown 8vo, 8s. 64,

Philosophy and Religion. Selections from the Manuscripts of
the late James Hinton. Edited by CAROLINE HADDON, Second
Edition. Crown 8vo, §s.

The Law Breaker, and The Coming of the Law.
Edited by MARGARET HinToN. Crown 3vo, Os.

The Mystery of Pain. New Edition. Feap. 8vo, Is.

Hodson of Hodson’s Horse | or, Twelve Years of a Soldier's Lile
in India. Being extracts from the Letters of the late Major
W. 8. R. Hodson. With a Vindication from the Attack of Mr.
Bosworth Smith, Edited by his brother, G. . Hobpson, M.A.
Fourth Edition. Large crown 8vo, 5.

HOLTHAM, E. G.—Eight Years in Japan, 1873-1881. Work,
Travel, and Recreation. With three Maps. Large crown 8vo, gs.

Homology of Economic Justice. An Essay by an East India
Merchant, Small crown 8vo, §s.

HOOPER, Mary.—Little Dinners: How to Serve them with
Elegance and Economy. Nineteenth Edition, Crown
8vo, 25 6d.

Cookery for Invalids, Persons of Delicate Digestion,
and Children., Fourth Edition. Crown 8vo, 2s. 64,

Every-Day Meals. Being Economical and Wholesome Recipes
for Breakfast, Luncheon, and Supper. Sixth Edition. Crown
§vo, 25 6d.

HOPKINS, Ellice. —Work amongst Working Men. Fifth
Edition. Crown 8vo, 35. 6d.

HOSPITALIER, E.—The Modern Applications of Electricity.
Translated and Enlarged by Jurivs Maier, 'h.D. 2 vols
Second Edition, Revised, with many additions and numerous
Illustrations. Demy 8vo, 12+ 6d. each volume.
VoL. I.—Electric Generators, Electric Light.
VoL, II.—Telephone : Various Applications :  Electrical
Transmission of Energy.

Household Readings on Prophecy. By a Layman., Small
crown 8vo, 35 6d.

HOWARD, Robert, M.A—The Church of England and other
Religious Communions. A course of Lectures delivered in
the Parish Church of Clapham. Crown 8vo, 7s. 64.

HUGHES, Henry.—The Redemption of the World. Crown 8vo,
35 6d.

HUNTER, Hay.—The Crime of Christmas Day. A Tale of
the Latin Quarter,
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HUNTER, William C.—Bits of Old China. Small crown 8vo, 6s.

HUNTINGFORD, Rev. E., D.C.L.—The Apocalypse. With a
Commentary and Introductory Essay. Demy 8vo, 5s.

HUTCHINSON, H.—Thought Symbolism, and Grammatic
Illusions. Being a Treatise on the Nature, Purpose, and
Material of Speech. Crown 8vo, 5s.

HUTTON, Rev. C. F.—Unconscious Testimony ; or, The Silent
Witness of the Hebrew to the Truth of the Historical Scriptures,
Crown 8vo, 25, 64. :

HYNDMAN, H. M.—The Historical Basis of Socialism in
England. Large crown 8vo, 85 64.

IM THURN, Everard F.—Among the Indians of Guiana.
Being Sketches, chiefly anthropologic, from the Interior of British
Guiana. With 53 Illustrations and a Map. Demy 8vo, 18s,

FACCOUD, Prof. §.—The Curability and Treatment of Pul-
monary Phthisis. Translated and edited by MoNTAGU
Lussock, M.D. Demy 8vo, 15+,

Jaunt in a Junk : A Ten Days’ Cruise in Indian Seas. Large crown
8vo, 75, 64,

JENKINS, E., and RAYMOND, ¥ —The Architect's Legal
Handbook. Third Edition, revised. Crown 8vo, 6s.

JERVIS, Rev. W, Henley.— The Gallican Church and the
Revolution. A Sequel to the History of the Church of
France, from the Concordat of Bologna’ to the Revolution,
Demy 8vo, 18,

FOEL, L.—A Consul’s Manual and Shipowner's and Ship-
master’'s Practical Guide in their Transactions
Abroad. With Definitions of Nautical, Mercantile, and Legal
Terms; a Glossary of Mercantile Terms in English, French,
German, Italian, and Spanish ; Tables of the Money, Weights,
and Measures of the Principal Commercial Nations and their
Equivalents in British Standards; and Forms of Consular and
Notarial Acts. Demy 8vo, 125,

FOHNSTON, H, H., F.Z5—~The Kilima-njaro Expedition.
A Record of Scientific Exploration in Eastern Equatorial Africa,
and a General Description of the Natural History, Languages,
and Commerce of the Kilima-nﬂam District. Wit% 6 Maps, and

over 80 Illustrations by the Author. Demy 8vo,

FOLLY, William, F.R.S.E., etce—The Life of John Duncan,
Scotch Weaver and Botanist. With Sketches of his
Friends and Notices of his Times. Second Edition, Large
crown 8vo, with Etched Portrait, gs,

YOVYCE, P. W, LL.D., ete.—0ld Celtic Romances, Translated
from the Gaelic. Crown 8vo, 75, 64.
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KAUFMANN, Rev. M., B.A.—Socialism ! its Nature, its Dangers,
and its Remedies considered, Crown 8vo, 74, 64.

Utopias ; or, Schemes of Social Improvement, from Sir Thomas
More to Karl Marx. Crown 8vo, 5s.

KAY, David, F.R.G.5.—Education and Educators. Crown 8vo,
73, 6d,

KAY, Foseph.—Free Trade in Land. Edited by his Widow. With
Preface by the Right Hon. JouxN BricHT, M.P. Seventh
Edition. Crown 8vo, 55
* * Also a cheaper edition, without the Appendix, but with a Revise
of Recent Changes in the Land Laws of England, by the R1GHT

Hox. G. OsBoRNE MorGaN, Q.C,, M.P., Cloth, 1s. 64. Paper
COVEIS, Is5.

KELKE, W. H H—An Epitome of English Grammar for
the Use of Students. Adapted to the London Matriculation
Course and Similar Examinations. Crown 8vo.

KEMPIS, Thomas a.—Of the Imitation of Christ. Parchment
Library Edition,—Parchment or cloth, 6s. ; vellum, 7s. 64. The
Red Line Edition, fcap. 8vo, red edges, 25. 6d. The Cabinet
Edition, small 8vo, cloth limp, 1s. ; cloth boards, red edges, 15 64.

The Miniature Edition, red edges, 32mo, 1.

*.* All the above Editions may be had in various extra bindings.

KENT, C.—Corona Catholica ad Petri successoris Pedes
Oblata: De Summi Pontificis Leonis XIII. As-
sumptione Epigramma. In Quinquaginta Linguis. Feap.
4to, 155,

KETTLEWELL, Rev. 5.—Thomas a4 Kempis and the Brothers
of Common Life. 2z vols. With Frontispieces. Demy Swvo,
304,

*.* Alsoan Abridged Edition, in one volume. With Portrait. Crown
8vo, 75 64,

KIDD, Foseph, M.D.—The Laws of Therapeutics; or, the Science
and Art of Medicine. Second Edition. Crown 8vo, 6s.
KINGSFORD, Anna, M.D.—The Perfect Way in Diet. A

Treatise advocating a Return to the Natural and Ancient Food of
our Race. Second Edition. Small crown 8vo, 2-.
KINGSLEY, Charles, M. 4.—Letters and Memories of his Life.
Edited by his Wife, With two Steel Engraved Portraits, and
Vignettes on Wood. Fifteenth Cabinet Edition. 2 vols, Crown
Svo, 125,
*=.* Also a People's Editic:n,s in one volume, With Portrait. Crown
vo, 6s.
All Saints' Day, and other Sermons. Edited by the Rev. W,
HarrisoN. Third Edition. Crown 8vo, 7s5. 64,

True Words for Brave Men. A Book for Soldiers’ and
Sailors' Libraries, Eleventh Edition, Crown 8vo, 2+, 64,
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KNOX, diexander 4 ~The New Playground ; or, Wanderings in
Algeria. New and Cheaper Edition. Large crown 8vo, 6s.

LANDON, Foseph.—School Management ; Including a General View
of the Work of Education, Organization, and Discipline. Fourth
Edition. Crown 8vo, 6s.

LAURIE, S. §.—The Training of Teachers, and other Educational
Papers. Crown 8vo, 7s. 6d.

LEE, Rev. F. G., D.C.L.—The Other World ; or, Glimpses of the
Supernatural. 2 vols. A New Edition. Crown 8vo, 15

Letters from an Unknown Friend. By the Author of ¢ Charles
Lowder.” With a Preface by the Rev. W. H. CLEAVER. Feap.
8vo, Is.

Letters from a Young Emigrant in Manitoba. Second Edition.
Small crown 8vo, 35 64,

Leward, Frank. Edited by CHARLES BamrroN, Crown 8vo, 7s. 6d.

LEWIS, Edward Dilion.—A Draft Code of Criminal Law and
Procedure. Demy 8vo, 215,

LILLIE, Arthur, M.R.A4.5.—The Popular Life of Buddha.
Containing an Answer to the Hibbert Lectures of 1881, With
Illustrations. Crown 8vo, 6s.

LLOYD, Walter.—The Hope of the World : An Essay on Universal

Redemption. Crown 8vo, 55,

LONSDALE, Margaret.—Sister Dora : a Biography. With Portrait.
Cheap Edition. Crown 8vo, 25, 64.

LOUNSBURY, Thomas R.—James Fenimore Cooper. With
Portrait. Crown 8vo, 5s.

LOWDER, Charles.—A Biography. By the Author of ¢ St. Teresa.”
New and Cheaper Edition. Crown 8vo. With Portrait. 3s. 64.

LE?C‘FE.S‘, Erva C. E.—Lectures on General Nursing, delivered to
the Probationers of the London Hospital Training School for
Nurses. Crown 8vo, 25 64.

LYALL, William Rowe, D.D.—Propaedeia Prophetica ; or, The
Use and Design of the Old Testament Examined. New Edition.
With Notices by GeorGE C. PEARsOR, M.A., Hon. Canon of
Canterbury, Demy 8vo, 10s. 6d.

LYTTON, Edward Bulwer, Lord.—Life, Letters and Literary
Remains. By his Son, the EARL oF Lyrrox. With Portraits,
Illustrations and Facsimiles. Demy 8vo. Vols. L and IL, 325

MACAULAY, G, C.—Francis Beaumont : A Critical Study. Crown
8vo, 55

MAC CALLUM, M, W,—Studies in Low German and High
German Literature. Crown 8vo, 65

MACHIAVELLI, Niceold. — Life and Times. By Prof. VILLARI.
Translated by LiNDA VILLARIL. 4 vols. Large post 8vo, 48s.
c
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MACHIAVELLI, Niccold.—Discourses on the First Decade of
Titus Livius, Translated from the Italian by NiNiay HiLL
THomson, M.A. Large crown 8vo, 12s.

The Prince. Translated from the Italian by N, H. T, Small
crown 8vo, printed on hand-made paper, bevelled boards, 6s.

MACKENZIE, Alexander.—~How India is Governed. Being an
Account of England’s Work in India. Small crown 8vo, 21,

MAGNUS, Mrs.—About the Jews since Bible Times. From the
Babylonian Exile till the English Exodus. Small crown 8vo, 65,

MAIR, R. 5., M.D., F.R.C.5.E.~The Medical Guide for Anglo-
Indians. Being a Compendium of Advice to Europeans in
India, relating to the Preservation and Regulation of Health.
With a Supplement on the Management of Children in India.
Second Edition. Crown 8vo, limp cloth, 3s. 64.

MALDEN, Henry Elliot.—Vienna, 1683. The History and Conse-
quences of the Defeat of the Turks before Vienna, September
12th, 1683, by John Scbieski, King of Poland, and Charles
Leopold, Duke of Lorraine. Crown 8vo, 4+ 04,

MALET, Lucas.—Colonel Enderby’s Wife. A Novel. Fourth
Edition. 3 vols. Crown 8vo.

Many Voices. A volume of Extracts from the Religious Writers of
Christendom from the First to the Sixteenth Century. With
Biographical Sketches. Crown 8vo, cloth extra, red edges, 6s.

MARKHAM, Capt. Albert Hastings, R.N.—The Great Frozen Sea:
A Personal Narrative of the Voyage of the 4/#¢ during the Arctic
Expedition of 1875-6. With 6 Full-page Illustrations, 2z Maps,
and 27 Woodcuts, Sixth and Cheaper Edition. Crown 8vo, é)-:

MARTINEAU, Gertrude,—Outline Lessons on Morals. Small
crown 8vo, 35 64,

MAUDSLEY, H.,, M. D.—Body and Will. Being an Essay con-
cerning Will, in its Metaphysical, Physiological, and Pathological
Aspects. Svo, 121,

McGRATH, Terence.—Pictures from Ireland. New and Cheaper
Edition. Crown 8vo, 25,

MEREDITH, M.A.—Theotokos, the Example for YWoman.
Dedicated, by Eermissiﬂn, to Lady Agnes Wood. Revised by
the Venerable Archdeacon DENISON. 32mo, limp cloth, 15 64,

MILLER, Edward.—The History and Doctrines of Irvingism ;
or, The so-called Cathelic and Apostolic Church, 2wvols. Large
post 8vo, 25+

The Church in Relation to the State. Large crown 8vo,
7s. 6d.

MITCHELL, Lucy M.—A History of Ancient Sculpture. With
numerous Illustrations, including 6 Plates in Phototype. Super
royal 8vo, 425,
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MITCHELL, Lucy M.—continued,

Selections from Ancient Sculpture. Being a Portfulio con-
taining Reproductions in Phototype of 36 Masterpieces of Ancient
Art to illustrate Mrs, Mitchell's “ History of Ancient Sculpture.”
18s

MITFORD, Bertram.—~Through the Zulu Country. Its Battle-
fields and its People. With Five Illustrations. Demy 8vo, 14s.

MOCKLER, E.—A Grammar of the Baloochee Language, as
it is spoken in Makran (Ancient Gedrosia), in the Persia-Arabic
and Roman characters. Fcap, 8vo, 5s,

MOLESWORTH, Rev. W. Nassau, M.A.—History of the Church
of England from 1660. Large crown 8vo, 7s. 64,

MORELL, ¥. R.—Euclid Simplifled in Method and Language.
Being a Manual of Geometry, Compiled from the most important
French Works, approved by the University of Paris and the
Minister of Public ilslmctian. Feap. 8vo, 2s. 6d.

MORGAN, C. Llyd—The Springs of Conduct. An Essay in
Evolution. Large crown 8vo, cloth, ¥s. 64,

MORRIS, George.—The Duality of all Divine Truth in our
Lord Jesus Christ. For God’s Self-manifestation in the Impar-
tation of the Divine Nature to Man, Large crown 8vo, 7, 6d,

MORSE, E. S., Ph.D.—First Book of Zoology. With numerous
Illustrations, New and Cheaper Edition. Crown 8vo, 2s, 6d,

MULL, Matthias.—Paradise Lost. By Jou~ MiLToN., Books L.—VI,
The Mutilations of the Text emended, the Punctuation revised,
and all collectively presented, with Notes and Preface; also
a short Essay on the Intellectual Value of Milton's Works, etc.
Demy 8vo, 6s.

Shakspere’s Hamlet. The Text Revised. Lines ronounced
Corrupt restored, and Mutilations before unsuspected emended.
With Preface and Notes. Demy 8vo, 3v.

NELSON, 7. H., M.A.—A Prospectus of the Sclentifie Stud
of the Hind{i Law. Demy 8vo, gs, #

NEWMAN, Cardinal.—Characteristics from the Writings of.
Being Selections from his various Works. Arr:::‘}ged with the

Author’s personal Approval, Sixth Edition, ith Portrait,
Crown 8vo, 64,

*«* A Portrait of Cardinal Newman, mounted for framing, can
be had, 25, 64,

NEWMAN, Francis William.—Essays on Diet. Small crown Svo
cloth limp, 2s, ’

New Truth and the Old Faith: Are they Inc '
Scientific Layman, Demy 8vo, 105, 64, ~ ompatible? By a

New Werther. By Lokr. Small crown 8vo; 25, 6d.
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NICOLS, Arthur, F.G.S., F.R.G.S.—~Chapters from the Physlecal
History of the Earth: an Introduction to Geology and
Palzontology. With numerous Illustrations. Crown 8vo, 5.

NOPS, Marianne,—Class Lessons on Euclid. Part L containing
the First Two Books of the Elements. Crown 8vo, 2. 6d.

INuces: EXERCISES ON THE SYNTAX OF THE PunLic ScHoOL LATIN
PriMER. New Edition in Three Parts. Crown 8vo, each Is.
* * The Three Parts can also be had bound together, 3.

OATES, Frank, F.R.G.S.—Matabele Land and the Victoria
Falls. A Naturalist’s Wanderings ‘in the Interior of South
Africa. Edited by C. G. OaTes, B.A.  With numerous Illustra-
tions and 4 Maps. Demy 8vo, 215,

O'CONNOR, T. P, M.P.—The Parnell Movement. With a !
Sketch of Irish Parties from 1843. Demy &vo.

OGLE, W., M.D., F.R.C.P.—Aristotle on the Parts of Animals.
Translated, with Introduction and Notes. Royal 8vo, 125. 64,

OHAGAN, Lord, K.P.— QOccasional Papers and Addresses.
Large crown 8vo, 7s. 6d.

OKEN, Lovenz, Life of. By ALEXANDER Ecker. With Explanatory

Notes, Selections from Oken’s Correspondence, and Portrait of the
Professor. From the German by ALFRED TuLK. Crown 8vo, 65

0O1d Corner House, The. By L. H. 2 vols. Crown 8vo.
O MEARA, Kathleen.—Frederic Ozanam, Professor of the Sorbonne :
His Life and Work. Second Edition. Crown 8vo, 7s. 64.
Henri Perreyve and his Counsels to the Sick. Small
crown 8vo, 55,
One and a Half in Norway. A Chronicle of Small Beer. By
Either and Both, Small crown 8vo, 3s. 6d.
O'NEIL, the late Rev. Lord—Sermons. With Memoir and Portrait. 11
Crown 8vo.
Essays and Addresses. Crown Svo.

Only Passport to Heaven, The. By One who has it. Small
crown 8vo, 15 6d.

OSBORNE, Rev. W. A.—The Revised Version of the New Tes- i
tament. A Critical Commentary, with Notes upon the Text.
Crown 8vo, 54.

O7TLEY, H. Bickersteth.—The Great Dilemma. Christ His Own
Witness or His Own Accuser. Six Lectures. Second Edition, 5'
Crown 8vo, 3s. 64, )

Our Public Schools—Eton, Harrow, Winchester, Rugby,

Westminster, Marlborough, The Charterhouse.

Crown 8vo, 65, {

OWEN, F. M.—John Keats: a Study. Crown 8vo, 63,
Across the Hills. Small crown 8vo, 15 04,

i i R il i . .
——
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OWEN, Rev, Robert, B.D.—Sanctorale Catholicum ; or, Book of
Saints. With Notes, Critical, Exegetical, and Historical. Demy
8vo, 18s.

OXENHAM, Rev, F. Nutcombe,.—What is the Truth as to Ever-
lasting Punishment. Part II. Being an Historical Inquiry
into the Witness and Weight of certain Anti-Origenist Councils,
Crown 8vo, 25, 64

OXONIENSIS. — Romanism, Protestantism, Anglicanism.
Being a Layman’s View of some questions of the Day. Together
with Remarks on Dr. Littledale’s *“ Plain Reasons against join-
ing the Church of Rome,” Crown 8vo, 3. 6d.

FALMER, the late William.—Notes of a Visit to Russia in

1840-1841. Selected and arranged by Joun IH., CARDINAL
NEWMAN, with portrait, Crown 8vo, 8s. 64,

Early Christian Symbolism. A Series of Compositions from
Fresco Paintings, Glasses, and Sculptured Sarcnpﬁngi. Edited
by the Kev. Provost NORTHCOTE, D.D., and the Rev, Canon
Brownrow, M.A. With Coloured Plates, folio, 42s., or with
Plain Plates, folio, 25s. _

Parchment Library. Choicely Printed on hand-made paper, limp
parchment antique or cloth, 6s. ; vellum, 75 64. each volume,

The Poetical Works of John Milton. 2z vols.

Letters and Journals of Jonathan Swift. Selected and
edited, with a Commentary and Notes, by STANLEY LANE PooOLE.

De Quincey's Confessions of an English Opium Eater.
Reprinted from the First Edition. Edited by RICHARD GARNETT.

The Gospel according to Matthew, Mark, and Luke,

Selections from the Prose Writings of Jonathan Swift.
With a Preface and Notes by STANLEY LANE-POOLE and
Tortrait.

English Sacred Lyrics.

SirG.Inshua Reynolds’s Discourses. Edited by Epmunp

OSSE,

Selections from Milton"s Prose Writines, '
ERNEST MYERS, S Al

Th;{ Eouk of Psalms, Translated by the Rev, T. K. CHEYNE,

The Vicar of Wakefleld, With Preface and N STIN
<oy ace an otes by AusTiN

English Comic Dramatists., Edited by OswaALD CRAWFURD,
English Lyrics.

The Sonnets of John Milton., Edited _ e O
With Portrait after Vertue, ited by MARK PATTISON
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Parchment Library—onfinued.,

French Lyrics. Selected and Annotated by GEORGE SAINTS-
BURY. With a Miniature Frontispiece designed and etched by
IH. G. Glindoni.

Fables by Mr. John Gay. With Memoir by AusTiN DoBson,
and an Etched Portrait from an unfinished Oil Sketch by Sir
Godfrey Kneller.

Select Letters of Percy Bysshe Shelley. Edited, with an
Introduction, by RICHARD GARNETT,

The Christian Year. Thoughts in Verse for the Sundays and
Holy Days throughout the Year. With Miniature Portrait of the
Rev. J. Keble, after a Drawing by G, Richmond, R.A.

Shakspere’s Works. Complete in Twelve Volumes.

Eighteenth Century Essays. Selected and Edited by AusTIN
DopsoN. With a Miniature Frontispiece by R. Caldecott.

Q. Horati Flaceci Opera. Edited by F. A. CorRNISH, Assistant
Master at Eton. With a Frontispiece after a design by L. Alma
Tadema, etched by Leopold Lowenstam.

Edgar Allan Poe's Poems. With an Essay on his Poetry by
ANDREW LANG, and a Frontispiece by Linley Sambourne,

Shakspere’s Sonneis. Edited by Epwarp Dowpen. With a
Frontispiece etched by Leopold Lowenstam, after the Death
Mask.

English Odes. Selected by EpMuNDp Gosse. With Frontis-
piece on India paper by Hamo Thornycroft, A.R.A.
Of the Imitation of Christ. By THomas A KeEMPIS, A

revised Translation. With Frontispiece on India paper, from a
Design by W. B. Richmond,

Poems: Selected from Percy ByssHE SHELLEY. Dedicated to
Lady Shelley. With a Preface by RICGHARD GARNETT and a
Miniature Frontispiece.

*+" The above volumes may also be had in a variety of leather bindings.

PARSLOE, Hoseph.—Our Railways. Sketches, Historical and
Descriptive.  'With Practical Information as to Fares and Rates,
etc,, and a Chapter on Railway Reform. Crown 8vo, 6s.

PASCAL, Blaise,—The Thoughts of. Translated from the Text of
Auguste Molinier, by C. KEGaAN PaAuL. Large crown 8vo, with

Frontispiece, printed on hand-made paper, parchment antique, or
cloth, 125 ; vellum, 15+

LPAUL, Alexander.—Short Parliaments. A History of the National
Demand for frequent General Elections. Small crown 8vo, 3s. 64.

LPAUL, C. Kegan.—Biographical Sketches. Printed on hand-made
paper, bound in buckram., Second Edition. Crown 8vo, 7s. 64,
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PEARSON, Rev. S.—Week-day Living. A Book for Young Men
and Women. Second Edition. Crown 8vo, §s.

PESCHEL, Dr. Oscar.—The Races of Man and their Geo-
graphiﬂal Distribution. Second Edition. Large crown

VO, Q5.

PHIPSON, E—~The Animal Lore of Shakspeare's Time.
Including Quadrupeds, Birds, Reptiles, Fish and Insects, Large

post 8vo, gs.

PIDGEON, D.—An Engineer’s Holiday ; or, Notes of a Round
Trip from Long. o® to 0° New and Cheaper Edition. Large
crown 8vo, 75 6d.

Old World Questions and New World Answers. Second
Edition. Large crown 8vo, 7s. 64,

Plain Thoughts for Men. Eight Lectures delivered at Forester's
Iall, Clerkenwell, during the London DMission, 1884, Crown
8vo, cloth, 1s. 64 ; paper covers, Is.

POE, Edgar Allan.—Works of. With an Introduction and a Memoir
by RicHARD HENRY STODDARD. In6vols, With Frontispieces
and Vignettes. Large crown 8vo, 6s. each.

POPE, ¥ Buckingham, — Railway Rates and Radical Rule.
Trade Questions as Election Tests. Crown 8vo, 2s. 64,

PRICE, Prof. Bonamy. — Chapters on Practical Political
Economy. Being the Substance of Lectures delivered before
the University of Oxford. New and Cheaper Edition. Large
post 8vo, .

Pulpit Commentary, The. (Old Testament Series.) Edited by the
Rev, J. S. EXgLL, M.A., and the Rev. Canon H, D. M, SpENCE.

Genesis. By the Rev. T. WHITELAW, M.A., With Homilies by
the Very Rev. J. F. MoxTGOMERY, D.D., Rev. Prof. R. A.
Reprorp, M.A., LL.B., Rev. F. HaAsTINGS, Rev. W.
RoperTs, M.A. An Introduction to the Study of the Old
Testament by the Venerable Archdeacon FARRAR, D.D., F.R.S. ;
and Introductions to the Pentateuch by the Right Rev. H, Cor-
TERI]LL,. D.D., and Rev. T. WhiTELAW, M.A, Eighth Edition,
I vol., 155

Exodus. Dy the Rev. Canon RAwWLINSON, With Homilies by
Rev. J. OrR, Rev, D. Young, B.A., Rev. C. A. GOODHART,
Rev. J. URQUHART, and the Rev. H, T. Ropjouxs. Fourth
Edition. 2 vols., 18

Leviticus. By the Rev. Prebendary MEevRicK, M.A. With
Introductions by the Rev. R. CoLLiNs, Rev. Professor A, CAvVE
and Homilies by Rev. Prof. REDFORD, LL.B., Rev, J A,
MAcDONALD, Rev. W, CLARKSON, B.A., Rev. S. R, ALDRIDGE
LL.B., and Rev, McCHEYNE EpGAR. Fourth Edition, 155, '
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Pulpit Commentary, The—continued.

Numbers. By the Rev. R. WINTERBOTHAM, LL.B. With
Homilies by the Rev. Professor W. BiNnIE, D.D., Rev. E. 5.
ProuT, M.A., Rev. D. Young, Rev. J. WAITE, and an Intro-
duction by the Rev. Tmomas WHITELAW, M.A. Fourth
Edition. 155

Deuteronomy. By the Rev. W. L. ALEXANDER, D.D. With
Homilies by Rev. C. CLEMANCE, D.D., Rev. ]J. Org, B.D.,,
Rev. R. M. Epcar, M.A., Rev, D, Davies, M.A, Fourth
edition, 155

Joshua. By Rev. J. J. Lias, M.A. With Homilies by Rev.
S. R. ALpripgg, LL.B., Rev. R. GLOVER, REV. E. DE
PresseENsE, D.D., Rev. J. WAITE, B.A., Rev. W. F. ADENEY,
M.A.: and an Introduction by the Rev. A, PLUMMER, M.A.
Fifth Edition. 125 64.

Judges and Ruth. By the Bishop of Bath and Wells, and
Rev. J. MorisoN, D.D. With Homilies by Rev. A. F. Muig,
M.A., Rev. W. F. ADENEY, M.A., Rev. W. M. STATHAM, and
Rev. Professor J. THomsoN, M.A. Fourth Edition. 105 6d.

1 Samuel. By the Very Rev. R. P. Smitn, D.D. With Homilies
by Rev, DoNALD Fraser, D.D., Rev. Prof. CHAPMAN, and
Rev. B. DaLe, Sixth Edition. 155

1 Kings. By theRev. Josern Haymyonp, LL.B. With Homilies
by the Rev. E. p& Pressensg, D.D., Rev. J. WaIrE, B.A.,
Kev. A, RowrLaxp, LL.B., Rev, J. A, MACDONALD, and Rev,
J. UrquuarT. Fourth Edition. 155

1 Chronicles. By the Rev, Prof. P. C. BArRKER, M.A., LL.B.
With Homilies by Rev. Prof. J. R. TaHomsoN, M.A., Rev. K.
Tuck, B.A., Rev. W. CrLarksoN, B.A., Rev. F, WHITFIELD,
M.A., and Rev. RICHARD GLOVER, 155

Ezra, Nehemiah, and Esther. By Rev, Canon G. RAWLINSON,
M.A. With Homilies by Rev. Prof. J. R. THoMSsoN, M.A., Rev.
Prof. R. A. REprorp, LL.B., M.A., Rev. W. 5. LEwis, M.A.,
Rev. J. A. MacpoNALD, Rev. A. MACKENNAL, B.A., Rev. W,
CLARKSON, B.A., Rev. F. Hastings, Rev. W. DINWIDDIE,
LL.B., Rev. Prof. RowLaNnDs, B.A.,, Rev. G, Woop, B.A,,
Rev. Prof. P. C. BArRkERr, M.A., LL.B., and the Rev. J. S.
ExeLL, M.A. Sixth Edition. 1 vol., 125, 64,

Jeremiah. (Vol. 1) By the Rev. T. K. CHEYRE, M.A. With
Homilies by the Rev. W. F, ADENEY, M.A., Rev. A. F. MUIR,
M.A., Rev. S. Conway, B.A., Rev. J. WAITE, B,A., and Rev,
D. Young, B.A. Second Edition. 15s.

Jeremiah (Vol. II.) and Lamentations. By Rev. T. K,
CHEYNE, M.A. With Homilies by Rev. Prof. J. R. THoMmson,
M.A., Rev. W. F, Apenky, M.A., Rev. A. F. MuIg, M.A,,
Rev. S, Conway, B.A., Rev. D. Youxg, B.A. 15
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Pulpit Commentary, The. (New Testament Series.)
St. Mark. By Very Rev. E. BICKERSTETH, D.D., Dean of Lich-
field. With Homilies by Rev. Prof. THOMSON, M.A., Rev. Prof.
GIVEN, M.A., Rev, Prof. JouNsoN, M.A., Rev. A. ROwWLAND,
B.A., LL.B., Rev. A. Muig, and Rev, R, GREEN, Fourth
Edition. 2 vols., 21s.

The Acts of the Apostles. By the Bishop of Bath and Wells.
With Homilies by Rev. Prof. P, C. BARKER, M.A., LL.B., Rev,
Prof. E. Jounson, M.A., Rev. Prof. R. A. REDFORD, M.A.,
Rev. R. Tuck, B.A., Rev. W, CLARKsoN, B.A, Second Edition,
2 vols., 21y,

I. Corinthians. By the Ven. Archdeacon FARRAR, D.D. With
Homilies by Rev. Ex-Chancellor Lirscomp, LL.D., Rev,
Davip THosmas, D.D., Rev. D. Frasgr, D.D., Rev. Prof.

. R. THomson, M.A., Rev. J. WaItg, B.A., Rev. R. Tuck,
A, Rev. E. HurnbpALL, M.A., and Rev. II. BREMNER, B.D.
Second Edition. Price 15+

II. Corinthians and Galatians. By the Ven. Archdeacon
Farragr, D.D,, and Rev. Preb. E. HuxTasLE. With Homilies
by Rev. Ex-Chancellor Lirscoms, LL.D., Rev. DAvID THOMAS,
D.D., Rev. DonaLp Frasgr, D.D,, Rev. R. Tuck, B.A., Rev.
E. HUrNDALL, M.A., Rev. Prof. J. R. THOMSON, M.A., Rev.
R. Finpcavsow, B.A.,, Rev. W. F. ADENEY, M.A., Rev. R. M.
Epcar, M.A., and Rev. T. CROSKERRY, D.D. Price 21+,

PUNCHARD, E. G., D.D.—Christ of Contention. Three Essays.
Fcap. 8vo, 25
PUSEY, Dr.—Sermons for the Church’s Seasons from

Advent to Trinity. Selected from the Published Sermons
of the late EDWARD BoUuvERIE Pusey, D.D. Crown 8vo, §s.

RAECL!F;E, Frank K. Y.—The New Politicus. Small crown 8vo,
231 L]

RANKE, Leopold von.—Universal History. The oldest Historical
Group of Nations and the Greeks, Edited by G. W. PROTHERO.
Demy 8vo, 16s.

Realities of the Future Life. Small crown 8vo, Is. 64.

RENDELL, ¥ M —Concise Handbook of the Island of
Madeira. With Plan of Funchal and Map of the Island. Fcap,
8vo, 15, 64,

REYNOLDS, Rey. ¥ W.—The Supernatural in Nature. A
Verification by Free Use of Science. Third Edition, Revised
and Enlarged. Demy 8vo, 14s.

The Mystery of Miracles. Third and Enlarged Edition.
Crown 8vo, 6s.
Thg Mystery of the Universe ; Our Common Faith, Demy
v, 145,
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RIBOT, Prof. Th—Heredity: A Psychological Study on its Phenomena,
its Laws, its Causes, and its Consequences. Second Edition.
Large crown &vo, 9.

RIMMER, William, M.D.—Art Anatomy. A Portiolio of 81 Plates.
Folio, 50s., nett.

ROBERTSON, The late Rev. F. W., M.A—Life and Letters of.
Edited by the Rev. StorFORD BrooOKE, M.A.
I. Two vols., uniform with the Sermons. With Steel Portrait.
Crown 8vo, 7. 6d.
II. Library Edition, in Demy 8vo, with Portrait. 12s.
III. A Popular Edition, in 1 vol. Crown 8vo, 6s.

Sermons. Four Series, Small crown 8vo, 3s. 64, each.

The Human Race, and other Sermons. Preached at Chelten-
ham, Oxford, and Brighton., New and Cheaper Edition, Small
crown 8vo, 3s. 64.

Notes on Genesis. New and Cheaper Edition. Small crown 8vo,
3. 6d.

Expository Lectures on St. Paul's Epistles to the
Corinthians., A New Edition. Small crown 8vo, 5.

Lectures and Addresses, with other Literary Remains, A New
Edition., Small crown 8vo, §s.

An Analysis of Tennyson's ** In Memoriam.” (Dedicated
by Permission to the Poet-Laureate.) Fcap. 8vo, 24

The Education of the Human Race. Translated from the
German of GorrHoLD EPHRAIM LESSING. Fcap. 8vo, 25 64,
The above Works can also be had, bound in half morocco.

*.* A Portrait of the late Rev, F¢ W, Robertson, mounted for framing,

can be had, 25, 64.

ROMANES, G. ¥ — Mental Evolution in Animals. With a
Posthumous Essay on Instinct by CHARLES Darwin, F.R.S.
Demy 8vo, 125,

Rosmini's Origin of Ideas. Translated from the Fifth .Italian
Edition of the Nuove Saggio Sull’ origine delle tdee. 3 vols.
Demy 8vo, cloth, 16s, each.

Rosmini’s Psychology. 3 vols. Demy 8vo. [Vol. I. now ready, 16s.

Rosmini’s Philosophical System. Translated, with a Sketch of
the Author's Life, B:blmgmglw, Inlmdutlmn, and Notes by
TuoMmAs DavipsoN. Demy 8vo, 165,

RULE, Martin, M.A,—The Life and Times of St. Anselm,
Archhishc}p of Canterbury and Primate of the
Britains. 2 vols. Demy 8vo, 325

SAMUEL, Sydney M. —Jewish Life in the East. Small crown
8vo, 3+ Od.

SARTORIUS, Ernestinee—Three Months in the Soudan. With
11 Full-page Illustrations, Demy 8vo, 14s.
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SAYCE, Rev. Archibald Henry.—Introduction to the Science of
Language. 2 vols. Second Edition, Large post 8vo, 21+,

SCOONES, W. Baptiste.—~Four Centuries of English Letters:
A Selection of 350 Letters by 150 Writers, from the Period of the
Paston Letters to the Present Time, Third Edition, Large
crown 8vo, 6y,

SEE, PROF., GERMAIN.—Bacillary Phthisis of the Lungs.
Translated and edited for English Practitioners by WILLIAM
Hexry WeDDELL, M.R.C.5. Demy 8vo, 105 64.

SHILLITO, Rev. Foseph.—Womanhood : its Duties, Temptations,
and Privileges. A Book for Young Women, Third ]Edjtion,,
Crown 8vo, 3+ 64.

SIDNEY, Algernon.—A Review. By GERTRUDE M, IRELAND BLACK-
BURNE. Crown 8vo, 6s.

Sister Augustine, Superior of the Sisters of Charity at the St.
{_nhannis Hospital at Bonn. Authorised Translation by HAns

HARAU, from the German ° Memorials of AMALIE VoN

Lasavrx.” Cheap Edition. Large crown 8vo, 4s. 64,

SKINNER, Fames—A Memoir. By the Author of *‘Charles Lowder.”
With a Preface by the Rev, Canon CARTER, and Portrait,
Large crown, 7s5. 6d.

*.* Also a cheap Edition. With Portrait, Crown 8vo, 3s. 64.

SMITH, Edward, M.D., LL B., F.R.5,—Tubercular Consump-
tion-in its Early and Remediable Stages. Second
Edition. Crown 8vo, 6s.

Specimens of English Prose Style from Malory to Ma-
caulay. BSelected and Annotated, with an Introductory Essay,
by GEORGE SAINTSBURY. Large crown 8vo, printed on hand-
made paper, parchment antique or cloth, 125, ; vellum, 155,

SPEDDING, Fames—Reviews and Discussions, Literary,
Political, and Historical not relating to Bacon. Demy
8vo, 125 6d.

Evenings with a Reviewer; or, Macaulay and Bacon.
With a Prefatory Notice by G. S. VENABLEs, Q.C. 2 vols,
Demy 8vo, 18s.

STAPFER, Faul,—Shakespeare and Classical Antiquity
Greek and Latin Antiquity as presented in Shakespeare’s Plays,
Translated by EmILy J. CAREY. Large post 8vo, Izs,

STATHAM, F. Reginald—Free Thought and Truth Thought.
A Contribution to an Existing Argument, Crown 8vo, 6s,

STEVENSON, Rev. W, F—Hymns for the Church and Home.
Selected and Edited by the Rev. W, FLEMING STEVENSON,

The Hymn Book consists of Three Parts:—I. For Public

Worship.—II. For Family and Private Worship,—II1I,

For Children. SmarL Evition. Cloth limp, 1o, ;

cloth boards, 15. LARGE TvrE EpITiON, Cloth I.inu:’

15, 3d. ; cloth boards, 1s. 64, 5
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STOCK, Lady Gertrude.—Nature's Nursling. A Romance from
Real Life. 3 vols. Crown 8vo.

Stray Papers on Education, and Scenes from School Life. By B. IL
Second Edition, Small crown 8vo, 3+ 64,

STREATFEILD, Rev. G, S., M.4.—Lincolnshire and the Danes.
Large crown 8vo, 75, 64,

STRECKER-WISLICENUS.—Organic Chemistry. Translated and
Fdited, with Extensive Additions, by W. R. HODGKINSON,
Ph.D., and A. J. Greenaway, F.I.C, Second and cheaper
Edition, Demy 8vo, 12s5. 6d.

Suakin, 1885 being a Sketch of the Campaign of this year., Dy an
Officer who was there., Crown 8vo, 54.

SULLY, Fames, M.A.—Pessimism : a History and a Ciriticism.
Second Edition. Demy 8vo, 145,

Sunshine and Sea. A Yachting Tour in the Channel and on the
Coast of Brittany. With Frontispiece from a Photograph and 24
Tllustrations from sketches by the Author. Crown 8vo.

SUTHERST, Themas.—Death and Disease Behind the Counter.
Crown Svo, 1s5. 64, ; sewed, Is

SWEDENBORG, Eman.—De Cultu et Amore Del ubi Agitur
de Telluris ortu, Paradiso et Vivario, tum de Pri-
mogeniti Seu Adami Nativitate Infantia, et Amore.
Crown 8vo, 61,

On the Worship and Love of God. Treating of the Biith
of the Earth, Paradise, and the Abode of Living Creatures.
Translated from the original Latin. Crown 8vo, 7s. 64.

SYME, David.—Representative Government in England. Its
Faults and Failures. Second Edition. Large crown 8vo, 6s,

T4CITUS—The Agricola. A Translation., Small crown 8vo, 2s. 6d.

7'A YLOR, Rev. fsaac.—The Alphabet. An Account of the Origin
and Development of Letters. With numerous Tabies and
Facsimiles. 2 vols. Demy 8vo, 36s.

74 YLOR, Feremy.—The Marriage Ring. With Preface, Notes,
and Appendices. Edited by FrANCIS BURDETT MONEY COUTTS.
Small crown 8vo, 25, 64.

TAVLOR, Sedley.— Profit Sharing between Capital and
Labour. To which is added a Memorandum on the Industrial
Partnership at the Whitwood Collieries, by ARCHIBALD and
HexrY BRIGGS, with remarks by SEDLEY TAYLOR, Crown 8vo,
25, 6d.

““They Might Have Been Together Till the Last.” An
Essay on Marriage, and the position of Women in England.
Small erown 8vo, 2s.

Thirty Thousand Thoughts. Edited by the Rey, CANON SrENCE,
Rev. J. S. ExiELL, and Rev. CHARLES NEIL. 6 vols. Super
roval 8vo.

[Vols. I.-IV. now ready, 16s. each,
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THOM, . Hamilton,.—Laws of Life after the Mind of Christ,
Second Edition. Crown 8vo, 74, Gd.

TIPPLE, Rev. S. A.—Sunday Mornings at Norwood. Prayers
and Sermens. Crown 8vo, 65

TODHUNTER, Dr. ¥.—A Study of Shelley. Crown 8vo, 74

TOLSTOI, Count Leo, Christ’s Christianity. Translated from the
Russian, Demy 8vo.
TRANT, William.—Trade Unions . Their Origin, Objects, and
Efficacy. Small crown 8vo, 1s. 64. 3 paper covers, L.
TREMENHEERE, Hugh Seymour, C.B.—A Manual of the
Principles of Government, as set forth by the Authorities
of Ancient and Modern Times. New and Enlarged Edition.
Crown 8vo, 35. 64. Cheap Edition, limp cloth, Is.

TUKE, Danicl Hack, M.D., F.R.C.P.—Chapters in the History
of the Insane in the British Isles. With Four Illustra-
tions. Large crown 8vo, 125

TWINING, Louisa—Workhouse Visiting and Management
during Twenty-Five Years. Small crown 8vo, 25

TVLER, 7#—The Mystery of Being: or, What Do We
Know 7 Small crown 8vo, 34. 6d.

UPTON, Major R. D.—Gleanings from the Desert of Arabia.
Large post 8vo, 10s. 64,

VAUGHAN, H. Halford —New Readings and Renderings of
Shakespeare's Tragedies. Vols. I. and II. Demy 8vo,
125, 6d. each.

VILLARI, Professor.—Niccold Machiavelll and his Times.
Translated by LINDA VILLARI. 4 vols. Large post 8vo, 48s.

VILLIERS, The Right Hon. C. P.—Free Trade Speeches of.
With Political Memoir, Edited by a Member of the Cobden
Club. 2 vols. With Portrait. Demy 8vo, 25
*.* People’s Edition, 1 vol. Crown 8vo, limp cloth, 2s5. 64,
VOGT, Lieut.-Col. Hermann,—The Egyptian War of 1882.
A translation, With Map and Plans, Large crown 8vo, 6z,

VOLCKXSO0M, E. W. v.—Catechism of Elementary Modern
Chemistry. Small crown 8vo, 3. .

VYNER, Lady Mary.—Every Day a Portion. Adapted from the
Bible and the Prayer Book, for the Private Devotion of those
living in Widowhood. Collected and Edited by Lady Mary
Vyner, Square crown 8vo, 55,

WALDSTEIN, Charles, PhD.—The Balance of Emotion and
Intellect; an Introductory Essay to the Study of Philosophy.
Crown 8vo, 6s,

WALLER, Rev, C. B.—The Apocalypse, reviewed under the Light

of the Doctrine of the Unfolding Ages, and the Restitution of All
Things. Demy 8vo, 125,
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WALLER, Rev. C. B.—continued,

The Bible Record of Creation viewed in its Letter and Spirit.
Two Sermons preached at St. Paul's Church, Woodford Bridge.
Crown 8vo, 1s. 64,
WALPOLE, Chas. George.—A Short History of Ireland from the
Earliest Times to the Union with Great Britain.
With § Maps and Appendices. Second Edition, Crown 8vo, 6s,
WALSHE, Walter Hayle, M.D.—Dramatic Singing Physiclo~-
gically Estimated. Crown 8vo, 3s. 6d.

WARD, William George, Ph.D.—Essays on the Philosophy of
Theism. Edited, with an Introduction, by WILFRID WARD,
2 vols. Demy 8vo, 21s.

WARD, Wilfrid.—The Wish to Believe, A Discussion Concern.
ing the Temper of Mind in which a reasonable Man should
undertake Religious Inquiry. Small crown 8vo, 5s.

WEDDERBURN, Sir David, Bar?., M. P.—Life of. Compiled from his
Journals and Writings by his sister, Mrs, E. H. PErcivar. With
etched Portrait, and facsimiles of Pencil Sketches, Demy 8vo, 14,

WEDMORE, Frederick.—The Masters of Genre Painting. With
Sixteen Illustrations, Post 8vo, 71 64,

What to Do and How to Do It. A Manual of the Law affectin
the Housing and Sanitary Condition of Londoners, with specia
Reference to the Dwellings of the Poor. Issued by the Sanitary
Laws Enforcement Society. Demy 8vo, Is

WHITE, R. E.—Recollections of Woolwich during the Crimean War
and Indian Mutiny, and of the Ordnance and War Departments ;
together with complete Lists of Past and Present Officials of the
Royal Arsenal, ete. Crown 8vo, 2s. 64,

WHITNEY, Frof. William Duwight.— Essentials of English
Grammar, for the Use of Schools, Second Edition. Crown
8vo, 35 64.

WHITWORTH, George Clifford —An Anglo-Indian Dictionary :
a Glossary of Indian Terms used in English, and of such English
or other Non-Indian Terms as have obtained special meanings in
India. Demy 8vo, cloth, 125,

WILLITAMS, Rewland, D.D.—Psalms, Litanies, Counsels, and
Collects for Devout Persons. Edited by his Widow. New
and Popular Edition. Crown 8vo, 3s. 6d.

Stray Thoughts from the Note Books of the late
Rowland Williams, D.D. Edited by his Widow. Crown
3vo, 3s5. 64.
WILSON, Lieut.-Col. C. 7. — The Duke of Berwick, Marshal
of France, 1702-1734. Demy 8vo, 155,

WILSON, Mrs. R. F.—The Christian Brothers. Their Origin and
Work, With a Sketch of the Life of their Founder, the Ven,
JEAN BAPTISTE, de la Salle, Crown 8vo, 65,
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WOLTMANN, Dr. Alfred, and WOERMANN, Dr. Karl.—History
of Painting. With numerous Illustrations. Vol. I. Painting
in Antiquity and the Middle Ages. Medium 8vo, 28s., bevelled
boards, gilt leaves,'30s. Vol, I1. The Painting of the Renascence,

WREN, Sir Christopher.—Hlis Family and His Timgs. With
Original Letters, and . Discourse on Architecture hitherto un-
published, By Lucy PHILLIMORE. Demy 8vo, 10s. 64,

YOUMANS, Eliza A.—First Book of Botany. Designed to
Cultivate the Observing Powers of Children. With 3c0
Engravings. New and Cheaper Edition, Crown 8vo, 2s. 64.

YOUMANS, Edward L., M.D.—A Class Book of Chemistry, on
the Basis of the New System, With 200 Illustrations, Crown
8vo, 54

THE INTERNATIONAL SCIENTIFIC SERIES.

I. Forms of Water: a Familiar Exposition of the Origin and
Phenomena of Glaciers. By J. Tyndall, LL.D., F.R.S. With
25 Illustrations. Eighth Edition. “Crown 8vo, gs.

IT. Physics and Politics ; or, Thoughts on the Application of the
Principles of *‘ Natural Selection ™ and ‘¢ Inheritance ” to Political
Soaciety. By Walter Bagehot. Seventh Edition. Crown 8vo, 4s.

III. Foods. By Edward Smith, M.D., LL.B., F.R.S. With numerous
Illustrations, Eighth Edition. Crown 8vo, 55,

IV. Mind and Body : the Theories of their Relation. By Alexander
Bain, LL.D. With Four Illustrations, Seventh Edition. Crown
8vo, 4s.

V. The Study of Sociology. By Herbert Spencer. Eleventh
Edition. Crown 8vo, ss.

VI, On the Conservation of Energy. By Balfour Stewart, M.A.,
é..L.]l, F.R.S. With 14 Illustrations. Sixth Edition. Crown

VO, §5.
VII. Animal Locomotion ; or Walking, Swimming, and Flying, By

J. B. Pettigrew, M.D., F.R.S., ete. With 130 Illustrations.
Third Edition. Crown 8vo, s,

VIII. Responsibility in Mental Disease. By Henry Maudsley,
M.D. Fourth Edition. Crown 8vo, 55.

IX. The New Chemistry. By Professor J. P. Cooke. With 31

%IIustmtions. Eighth Edition, remodelled and enlarged, Crown
VO, 5.

X. The Science of Law. By Professor Sheldon Amos, Sixth Edition.
Crown 8vo, 5s,
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XI. Animal Mechanism : a Treatise on Terrestrial and Aerial Loco-
motion. By Professor E. J. Marey. With 117 Tllustrations.
Third Edition. Crown 8vo, 5%

XII. The Doctrine of Descent and Darwinism. By Professor
Oscar Schmidt. With 26 Illustrations, Sixth Edition. Crown
8vo, 5. .

XIII. The History of the Conflict between Religion and

Science. By J. W. Draper, M.D., LL.D. Nineteenth Edition.
Crown 8v0, 55.

XIV. Fungi: their Nature, Influences, Uses, etc. By M. C. Cooke,
M.D., LL.D. Edited by the Rev. M, J. Berkeley, M.A., F.L.5.
With numerous Illustrations, Third Edition. Crown Bvo, 55.

%V. The Chemical Effects of Light and Photography. By
Dr. Hermann Vogel. Translation thoroughly Revised. With
100 Illustrations. Fourth Edition. Crown 8vo, 5%

XVI. The Life and Growth of Language. By Professor William
Dwight Whitney. Fourth Edition, Crown 8vo, 51

XVII. Money and the Mechanism of Exchange. By W.
Stanley Jevons, M.A., F.R.S. Sixth Edition. Crown 8vo, 5s.

XVIIL. The Nature of Light. With a General Account of Physical
Optics. By Dr. Eugene Lommel. 'With 188 Illustrations and a
’é[‘ahle of Spectra in Chromo-lithography. Third Edition, Crown

VO, 5. ;

XIX. Animal Parasites and Messmates. By P. J. Van Beneden.
With 83 Tllustrations, Third Edition. Crown 8vo, 5s.

¥X. Fermentation. By Professor Schiitzenberger. With 28 Illus-
trations. Fourth Edition, Crown 8vo, 55

N XI. The Five Senses of Man. By Professor Dernstein,  With
gt Illustrations. Fourth Edition. Crown 8vo, 5s.

XXII. The Theory of Sound in its Relation to Music. By Pro-
fessor Dietro Blaserna. With numerous Illustrations. Third
Edition. Crown 8vo, §s. ]

XXIII. Studies in Spectrum Analysis. By J. Norman Lockyer,
F.R.S. With six photographic Illustrations of Spectra, and

numerous engravings on Wood, Third Edition. Crown 8vo,
Ejl- 6“’.

XXIV. A History of the Growth of the Steam Engine. By
Professor B, H. Thurston. With numerous Illustrations. Third
Edition. Crown 8vo, 6s. 6d.

XXV. Education as a Science. By Alexander Bain, LL.D. Fifth
Edition. Crown 8vo, 5s.

XXVI. The Human Species. By Professor A, de Quatrefages. Third
Edition, Crown 8vo, 5%
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XXVII. Modern Chromatics. With Applications to Art and In-
dustry., By Ogden N. Rood. With 130 original Illustrations.
Second Edition. Crown 8vo, 5s.

XXVIII. The Crayfish : an Introduction to the Study of Zoology. By
Professor T, H. Huxley, With 82 Illustrations, Fourth Edition.
Crown 8vo, 55

XXIX. The Brain as an Organ of Mind. By H. Charlton Bastian,
M.D. With numerous Illustrations. Third Edition. Crown
3vo, 55

XXX. The Atomic Theory. By Prof. Wurtz. Translated by G.
Cleminshaw, F.C.5, Fourth Edition. Crown 8vo, 5s.

XXXIL The Natural Conditions of Existence as they affect
Animal Life. By Karl Semper. With 2 Maps and 106
Woodcuts. Third Edition. Crown 8vo, 55,

XXXII. General Physiology of Muscles and Nerves. By Prof.
J. Rosenthal, Third Edition, With Illustrations. Crown 8vo,

5.

XXXIIL. Sight: an Exposition of the Principles of Monocular and
Binocular Vision. By Joseph le Conte, LL.D, Second Edition.
With 132 Illustrations. Crown 8vo, §s.

XXXIV. Illusions : a Psychological Study. By James Sully. Second
Edition. Crown 8vo, 5.

XXXV, Volcanoes : what they are and what they teach.
By Professor J. W. Judd, F.R.S. With gz Illustrations on
Wood. Third Edition, Crown 8vo, 55,

XXXVI Suicide: an Essay on Comparative Moral Statistics. By Prof.
H. Morselli. Second Edition, With Diagrams. Crown 8vo, s.

XXXVIIL. The Brain and its Functions. By J. Luys. With
Illustrations. Second Edition, Crown 8vo, §s,

XXXVIII. Myth and Science: an Essay, By Tito Vignoli. Second
Edition. Crown 8vo, §s.

XXXIX. The Sun. By Professor Young. With Illustrations. Second
Edition. Crown 8vo, §s.

XL. Ants, Bees, and Wasps: a Record of Observalions on the
Habits of the Social Hymenoptera. By Sir John Lubbock, Bart.,
M.P. With 5 Chromo-lithographic Illustrations, Seventh Edition.
Crown 8vo, &r,

XLI. Animal Intelligence. By G. J. Romanes, LL.D., F.R.S.
Third Edition. Crown 8vo, 5s.

XLIL The Concepts and Theories of Modern Physics. By
J. B, Stalle. Third Edition. Crown 8vo, s,
D




54 A List of

XLIII. Diseases of the Memory ; An Essay in the Positive Psycho-
logy. By Prof. Th. Ribot. Second Edition. Crown 8vo, §s.

XLIV. Man before Metals. By N. Joly, with 148 Illustrations.
Third Edition. Crown 8vo, §s.

XLV. The Science of Politics. By Prof. Sheldon Amos. Third
Edition. Crown 8vo, 5s.

XLVI. Elementary Meteorology. By Robert H. Scott. Third
Edition. With Numerous Illustrations. Crown 8vo, 5+

XLVIL. The Organs of Speech and their Application in the
Formation of Articulate Sounds. By Georg Hermann
Von Meyer. With 47 Woodcuts. Crown 8vo, 5+

XLVIIL, Fallacies. A View of Logic from the Practical Side. By
Alfred Sidgwick. Crown 8vo, 5s.

XLIX. Origin of Cultivated Plants. By Alphonse de Candolle,
Crown 8vo, 54

L. Jelly-Fish, Star-Fish, and Sea-Urchins. Being a Research
on Primitive Nervous Systems, By G. J. Romanes. With
Illustrations. Crown 8vo, 5s.

LI. The Common Sense of the Exact Sciences. By the late

William Kingdon Clifford. Second Edition. With 100 Figures.
Crown 8vo, §s.

LII. Physical Expression: Its Modes and Principles. By
Francis Warner, M.D., F.R.C.P. With 50 Illustrations.
Crown 8vo, 54,

LIII. Anthropoid Apes. By Robert Hartmann. With 63 Illustra-
tions. Crown 8vo, 5s.

LIV. The Mammalia in their Relation to Primeval Times.
By Oscar Schmidt, With 51 Woodcuts, Crown 8vo, 5.

MILITARY WORKS.

BARRINGTON, Capt. ¥. T.—England on the Defensive ; or, the
Problem of Invasion Critically Examined. Large crown 8vo,
with Map, 7. 6.

BRACKENBURY, Col. C. B., R.A.— Military Handbooks for
Regimental Officers.

I. Military Sketching and Reconnaissance. By Col.
F. J. Hutchison and Major H. G. MacGregor. Fourth
Edition. With 15 Plates. Small crown 8vo, 4.

II. The Elements of Modern Tactics Practically
applied to English Formations. By Lieut.-Col.
Wilkinson Shaw, Fifth Edition, With 25 Plates and
Maps. Small crown 8vo, gs,
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Military Handbooks—continued.
III. Field Artillery. Its Equipment, Organization and Tactics.
By Major Sisson C. Pratt, R.A. With 12 Plates. Seccond
Edition. Small erown Svo, 6s.
IV. The Elements of Military Administration. First
Part : Permanent System of Administration. By Major
J. W. Buxton. Small crown 8vo. 7%s. 6d.

V. Military Law : Its Procedure and Practice. By Major
Sisson C. Pratt, R,A, Second Edition. Small crown Svo,
4-;! 6f';l

VI. Cavalry in Modern War. By Col, F, Chenevix Trench.
Small crown 8vo, 6.

VII. Field Works. Their Technical Construction and Tactical
Application. By the Editor, Col. C. B. Brackenbury, R.A.
Small crown 8vo.

BROOKE, Major, C. K.—A System of Field Training. Small
crown 8vo, cloth limp, 2s.

CLERY, C., Liew!.-Col.—Minor Tactics. With 26 Maps and Plans.
Seventh Edition, Revised. Crown 8vo, gs.

COLVILE, Lient.-Col, C. F.—Military Tribunals. Sewed, 25 64,

CRAUFURD, Capt. H. 7.—Suggestions for the Military Train-
ing of a Company of Infantry. Crown 8vo, 15 64,

HAMILTON, Capt. fan, 4.D.C—The Fighting of the Future. 1.

HARRISON, Col. R.—The Officer’s Memorandum Book for
Peace and War. Fourth Edition, Revised throughout,
Oblong 32mo, red basil, with pencil, 3s. 64,

Notes on Cavalry Tactics, Organisation, etc. By a Cavalry
Officer.  'With Diagrams. Demy 8vo, 127,

PARR, Capt. H. Hallam, C.M.G.—The Dress, Horses, and
Equipm&nt of Infantry and Staff Officers. Crown
vo, 15,

SCHAW, Col. H.—The Defence and Attack of Positions and

Localities. Third Edition, Revised and Corrected, Crown
8vo, 3+ 6d.

WILKINSON, H. Spenser, Capt. 20th Lancashire K.V, —Citizen
Soldiers. Essays towards the Improvement of the Volunteer
Force, Crown 8vo, 25, 64,

POETRY.

ADAM OF ST. VICTOR,—The Liturgical Poetry of Adam of
St. Victor. From the text of GAUTIER, With Translations into
English in the Original Metres, and Short Explanatory Notes,
by DicBYy S. WRANGHAM, M. A, 3 vols. Crown 8vo printed
on hand-made paper, boards, 215, :
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AUCHMUTY, A. C.—Poems of English Herocism : From Brunan-
burh to Lucknow ; from Athelstan to Albert. Small crown 8vo,
1s5. 6d.

BARING, T. C., M.P.—The Scheme of Epicurus. A Render-
ing into English Verse of the Unfinished Poem of Lucretius,
entitled ** De Rerum Naturd,” Fcap. 4to, 7s.

BARNES, William.—Poems of Rural Life, in the Dorset
Dialect. New Edition, complete in one vol. Crown 8vo,
8s. 6d.

BAVNES, Rev. Canon H. R—Home Songs for Quiet Hours.
Fourth and Cheaper Edition. Fcap. 8vo, cloth, 25. 64

BENDALL, Gerard—Musa Silvestris. 16mo, 15 64.
BEVINGTON, L. S.—Key Notes. Small crown 8vo, 5.

RILLSON, €. ¥—The Acharnians of Aristophanes. Crown
8vo, 3s. 04,

BLUNT, Wilfrid Scawen.—The Wind and the Whirlwind.
Demy 8vo, 1. 6d.

The Love Sonnets of Proteus. Fourth Edition, 18mo.
Cloth extra, gilt top, 5s.

BOWEN, H. C., M.A.—Simple English Poems. English Literature
for Junior Classes. In Four Parts. Parts I, II., and IIL, 64.
each, and Part IV., 15. Complete, 3s.

BRYANT, IV, C.—Poems. Cheap Edition, with Frontispiece. Small
crown 8vo, 35 64.

CATLLARD, Emma Marie.—Charlotte Corday, and other Poems.
Small erown 8vo, 3s. 6d.

Calderon’s Dramas: the Wonder-Working Magician — Life is a
Dream—the Purgatory of St. Patrick. Translated by DENIs
FLorREXCE MACCARTHY. Post 8vo, 104,

Camoens Lusiads. — Portuguese Text, with Translation by J. J.
AUBERTIN. Second Edition. 2 vols. Crown 8vo, 125,

CAMPBELL, Lewis.—Sophocles. The Seven Plays in English Verse,
Crown 8vo, 75 04.

CERVANTES. —Journey to Parnassus. Spanish Text, with Trans-
lation into English Tercets, Preface, and Illustrative Notes, by
James Y. GissoN. Crown 8vo, 125,

Numantia: a Tragedy. Translated from the Spanish, with
Introduction and Notes, by JamEes Y. GissonN. Crown 8vo,
printed on hand-made paper, 5s.

Chronicles of Christopher Columbus. A Poem in 12 Cantos.
By M. D. C. Crown 8vo, 7s. 6d.
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CLARKE, Mary Cowden.—Honey from the Weed. Verses.
Crown 8vo, 7s.

COXHEAD, Ethel.—Birds and Babies. Imp. 16mo. With 33
Illustrations, Gilt, 25, 64,

DENNIS, ¥.—English Sonnets. Collected and Arranged by, Small
crown 8vo, 2s. 64,
DE VERE, Aubrey.—Poetical Works.

I. THE SEARCH AFTER PROSERPINE, ete. 65,
II. THE LEGENDS OF ST. PATRICK, etc. 6.
III. ALEXANDER THE GREAT, etc. bs.

The Foray of Queen Meave, and other Legends of Ireland’s
Heroic Age. Small crown 8vo, gs.

Legends of the Saxon Saints. Small crown 8vo, 6s.

LDILLON, Arthur.—River Songs and other Poems. With 13
autotype Illustrations from designs by Margery May. Fcap. 4to,
cloth extra, gilt leaves, 105 64,

DOBELL, Mrs. Horace—Ethelstone, Eveline, and other Poems,
Crown 8vo, 6s.

DOBSON, Austin.—0ld World Ydylls and other Verses. Fifth
Edition. 18mo, gilt top, 6s. :
At the Sign of the Lyre. Elzevir 8vo, gilt top, 6s.
DOMET, Aifred.—Ranolf and Amohia. A Dream of Two Lives.
New Edition, Revised. 2 vols. Crown 8vo, 12s.

Dﬁmth‘g: a Country Story in Elegiac Verse, With Preface, Demy

VO, §5.

DOWDEN, Edward, LL.D.—Shakspere's Sonnets. With Intro-
duction and Notes. Large post 8vo, 7s. 64,

DUTT, Toru.—A Sheaf Gleaned in French Fields. New Edition.
Demy 8vo, 105, 64.

Ancient Ballads and Legends of Hindustan. With an
Introductory Memoir by EDMUND GoOssE. Second Edition,
18mo. Cloth extra, gilt top, 5s.

EDWARDS, Miss Betham.—Poems, Small crown Svo, 35 6.

EGAN, Maurice Francis.—Songs and Sonnets ) and Carmina,
by CoNDE BeENo1sT PALLEN., Small crown 8vo, 1s. 64,

ELDRYT, fféjfaﬂd.-Margaret, and other Poems, Small crown Svo,
3s. 64.

All Sa:-}:l's Eve, “No God,”and other Poems. Fcap. 8vo,
35 Od,

ELLIOTT, Ebeneser, The Corn Law Rhymer.—Poems. TEdited by his

son, the Rev, EpwIN ELLIOTT, of St. John’s, Anti s
Crown 8vo, 185, 7 J » sanligua, 2 vols
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English Verse. Edited by W. J. LintoN and R. H, STODDARD.
5 vols. Crown 8vo, cloth, 55 each.

I. CHAUCER TO BURNS.

I1. TRANSLATIONS.
1II. Lyrics OF THE NINETEENTH CENTURY.
IV. DRAMATIC SCENES AND CHARACTERS.
V. BALLADS AND ROMANCES.

ENIS,.—Gathered Leaves. Small crown 8vo, 35. 6d.

EVANS, Anne.—Poems and Music. With Memorial Preface by
ANN THACKERAY RITCHIE. Large crown 8vo, 7s.

FERGUSON, Tom.—Ballads and Dreams. Crown 8vo, §5s.
FORSTER, the late William.—Midas. Crown 8vo, 55
GOODCHILD, Yohn 4.—Somnia Medici. Small crown 8vo, §s.
GOSSE, Edmund W.—New Poems. Crown 8vo, 7s. 64.
Firdausi in Exile, and other Poems. Elzevir 8vo, gilt top, 6s.
GRINDROD, Charls., Plays from English History. Crown
8vo, 7s5. 04,
The Stranger’s Story, and his Poem, The Lament of Love: An
Episode of the Malvern Hills. Small crown 8vo, 25 64.
GURNEY, Rev. Alfred.—The Vision of the Eucharist, and other
Poems. Crown 8vo, 5.
A Christmas Faggot. Small crown 8vo, §s.

HENRY, Daniel, Funr,—Under a Fool's Cap. Songs. Crown 8vo,
cloth, bevelled boards, 5s.

HEYIWO0OD, ¥ C.—Herodias, a Dramatic Poem. New Edition,
Revised. Small crown 8vo, 5s.

Antonius. A Dramatic Poem. New Edition, Revised. Small

crown 8vo.

HICRKEY, E. H—A Sculptor, and other Poems, Small crown
Bvo, 55

HONEYIWOOD, Patty.—Poems. Dedicated (by permission) to Lord
Wolseley, G.C.B., etc. Small crowm 8vo, 25, 0d.

FENKINS, Rev. Canon.—Alfonso Petrucci, Cardinal and Con-
spirator: an Historical Tragedy in Five Acts. Small crown 8vo,

3¢5 Od.
FOHNSON, Ernle S, W.—Ilaria, and other Poems. Small crown 8vo,
34, 64,

KEATS, Fohn.—Poetical Works, Edited by W, T. ARNOLD. Large
crown 8vo, choicely printed on hand-made paper, with Portrait
in ean-forte. Parchment or cloth, 125 ; vellum, 155

KNENNEDY, Captain A. W, M. Clark.—Robert the Bruce. A
Poem : Historical and Romantic,. With Three Illustrations by
James Faed, Jun. Printed on hand-made paper, parchment,
bevelled boards, crown 8vo, 10s. 64,
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AING, Mrs. Hamilton—The Disciples. Seventh Edition, with Por-
trait and Notes. Small crown 8vo, gs.

A Book of Dreams. Crown 8vo, 3+ 64,

KNNOX, The Hon. Mrs, O. N.—Four Pictures from a Life, and
other Poems, Small crown 8vo, 3s. 64,

LANG, A —XXXII Ballades in Blue China. Elzevir 8vo, 5.

Rhymes a 1a Mode. With Frontispiece by E. A, Abbey. 18mo,
cloth extra, gilt top, 5s,

LAWSON, Right Hom. M, Vﬁﬂ!r'r:’.-Hyml’ll Usitati Latine
Redditi : with other Verses. Smali 8vo, parchment, 5.

Lessing’s Nathan the Wise. Translated by EusTAcE K. CORBETT.
Crown 8vo, 65,

Life Thoughts. Small crown 8vo, 25, 64,

Living English Poets MDCCCLX X XIT. With Frontispiece by
Walter Crane. Second Edition. Large crown 8vo. Printed on
hand-made paper. Parchment or cloth, 125, ; vellum, 155.

LOCKER, F.—London Lyrics. Tenth Edition. With Portrait,
18mo. Cloth extra, gilt top, 5.

Love in Idleness. A Volume of Poems. With an Etching by W. B,
Scott, Small crown 8vo, 55,

LUMSDEN, Lieut.-Col. H. W.—Beowulf : an Old English Poem.
Translated into Modern Rhymes, Second and Revised Edition.
Small crown 8vo, §s.

MACCREGOR, Duncan.—Clouds and Sunlight. Poems. Small
crown 8vo, 5,

MAGCNUSSON, Eirikr, M.A., and PALMER, E. H., M. A.—Johan
Ludvig Runeberg’s Lyrical Songs, Idylls, and Epi-
grams. Fcap. 8vo, 5s.

MONAUGHTON, J. H.—Onnalinda. A Romance, Small erown
8vo, ¥s. 64,

NEREDITH, Owen [The Eari of Lytton].—Lucile. New Edition,
With 32 Illustrations, 16mo, 35 6d. Cloth extra, gilt edges,
45, 6d.

AMORRIS, Lewis—Poetical Works of. New and Cheaper Editions,
with Portrait. Complete in 3 vols., 55. each.
Vol. 1. contains ** Songs of Two Worlds.” Eleventh Edition.
Vol. II. contains ““ The Epic of Hades.” Nineteenth Edition,
Vol. 111. contains “ Gwen " and ** The Ode of Life.” Sixth Edition.

The Epic of Hades. With 16 Autotype Illustrations, after the

Drawings of the late George R. Chapman. 4to, cloth extra, gilt
leaves, 215,
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MORRIS, Lewis—continued.

The Epic of Hades. Presentation Edition. 4to, cloth extra,
gilt leaves, 105, 6d.

Songs Unsung. Fourth Edition. Feap. 8vo, 6s,

The Lewis Morris Birthday Book. Edited by 5. 5. CoPE-
MAN, with Frontispiece after a Design by the late George R.
Chapman. 32mo, cloth extra, gilt edges, 2s. ; cloth limp, 1s5. 6a.

MORSHEAD, E. D. A.—The House of Atreus. Being the
Agamemnon, Libation-Bearers, and Furies of Aschylus. Trans-
lated into English Verse. Crown 8vo, 7

The Suppliant Maidens of &schylus. Crown 8vo, 3s. 64.

NOEL, The Hon, Roden. — A Little Child's Monument. Third
Edition. Small crown 8vo, 35 6d.

The Red Flag, and other Poems. New Edition. Small crown
&vo, 6s.

OBBARD, Constance Mary.—Burley Bells. Small crown 8vo, 3+ 6d.

O HAGAN, Fohn.—The Song of Roland. Translated into English
Verse. New and Cheaper Edition. Crown 8vo, 55

PFEIFFER, Emily.—The Rhyme of the Lady of the Rock,

and How it Grew. Second Edition. Small crown 8vo
35, 6d.

Gerard’s Monument, and other Poems. Second Edition.
Crown 8vo, 0.

Under the Aspens; Lyrical and Dramatic. With Portrait.
Crown 8vo, 6s.

PIATT, 3. ¥.—1dyls and Lyrics of the Ohio Valley. Crown
8vo, 5%

PYNE, Evelyn.—The Poet in May. Small crown 8vo,

RAFFALOVICH, Mark André. — Cyril and Lionel, and other
Poems., A volume of Sentimental Studies, Small crown 8vo,
3. 6d.

Rare Poems of the 16th and 17th Centuries. Edited W. J.
LintoN. Crown 8vo, 5%

RIOADES, Fames.—The Georgics of Virgil. Translated into
English Verse. Small crown 8vo, 55

Poems. Small crown 8vo, 4s. 6d.

ROBINSON, A. Mary F.—A Handful of Honeysuckle, Fcap.
8vo, 3. 64,

The Crowned Hippolytus. Translated from Euripides. With
New Poems, Small crown 8vo, 55
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Romance of Dennell, The. A Poem in Five Cantos. Crown 8vo,
cloth.

ROUS, Lieut.-Col.—Conradin. Small crown 8vo, 2+,

SCHILLER, Friedrich.—Wallenstein. A Drama. Done in English
Verse, by J. A. W, HunTER, M.A. Crown 8vo, 75 64.

Schiller’s Mary Stuart. German Text, with English Translation on
opposite page by LEEDHAM WHITE. Crown 8vo, 6s.

SCOTT, E. J. L.—The Eclogues of Virgil.—Translated into English
Verse. Small crown 8vo, 3s. 64,

SCOTT, George F. E.—Theodora and other Poems. Small
crown 8vo, 35 64,

SELKIRK, J. B.—Poems. Crown 8vo, 75, Od,

SHARP, William.— Euphrenia : or, The Test of Love. A Poem.
Crown 8vo, 5s.

SHERBROOKE, Viscount.—Poems of a Life. Second Edition,
Small crown 8vo, 25, 64,

SATNNER, H. ¥ —The Lily of the Lyn, and other Poems, Small

crown 8vo, 35 6d.

SMITH, F. W, Gilbart. —~The Loves of Vandyck. A Tale of Genoa.
Small crown 8vo, 25, 64.

The Log o' the “Norseman.” Small crown 8vo, 55,
Songs of Coming Day. Small crown 8vo, 3s. 6d.

Sophocles: The Seven Plays in English Verse, Translated by Lewis
CAMPBELL. Crown 8vo, 75, 6d,

SPICER, Henry.—Haska : a Drama in Three Acts (as representec

at the Theatre Royal, Drury Lane, March 1oth, 1877). Third
Edition. Crown 8vo, 3s. 64.

Uriel Acosta, in Three Acts. From the German of Gatzkow.,
Small crown 8vo, 25, 64,

S Fﬂ-fﬂﬁsﬂj, ‘Eg'a.-&n Addington.—Vagabunduli Libellus, Crown
vo, bs.

Tares. Crown 8vo, Ir. 64,

Tasso's Jerusalem Delivered. Translated by Sir Joun Kinestox

James, Bart. Two Volumes. Printed on hand-made paper,
parchment, bevelled boards. Large crown 8vo, 215,

TAYLOR, Sir H—Works. Complete in Five Volumes,
8vo, 30s,

Philip Van Artevelde, Feap. 8vo, 3. 64,
The Virgin Widow, etc, Feap. 8vo, 3+, 64,
The Statesman, Feap. 8vo, 3s. 64,

Crown
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TAVYLOR, Augustus.—Poems. Fecap. 8vo, 5s.

TAVLOR, Marparet Secott.—** Boys Together,” and other Poems.
Small crown 8vo, Gs.

THORNTON, L. M.—The Son of Shelomith. Small crown 8vo,
35, 6d,

TODHUNTER, Dr. 7.—Laurella, and other Poems. Crown 8vo,
6s. 6d. .

Forest Songs. Small crown 8vo, 3s. 6d.
The True Tragedy of Rienzi: a Drama. 3+ 64,
Alcestis : a Dramatic Poem. Extra fcap. 8vo, 5.

TVLER, M. C.—Anne Boleyn. A Tragedy in Six Acts. Small
crown 8vo, 25 64,

TYNAN, Katherine.—Louise de la Valliere, and other Poems.
Small crown 8vo, 35 0d.

WATTS, Alaric Alfred and Anna Mary Hewitt.—Aurora. A Medley
of Verse. Fcap. 8vo, bevelled boards, §s.

WEBSTER, Augusta,—In a Day . a Drama. Small crown 8vo, 21, 64,
Disguises: a Drama. Small crown 8vo, 5.
Wet Days. DBy a Farmer. Small crown 8vo, 6s.

WooD, Rev. F. H.—Echoes of the Night, and other Poems.
Small crown 8vo, 3s. 64.

Wordsworth Birthday Book, The. Edited by ADELAIDE and
VIoLET WORDSWORTH. 32mo, Hmp cloth, Is. 64. ; cloth extra, 2s,

YOUNGMAN, Thomas George.—Poems. Small crown 8vo, 5s.

VOUNGS, Ella Sharpe.—~Paphus, and other Poems. Small crown Svo,
35 O,

A Heart’s Life, Sarpedon, and other Poems. Small crown
8vo, 3s. Od. '

WORKS OF FICTION IN ONE VOLUME.

BANKS, Mrs. G. L.—God’s Providence House. New Edition.
Crown 8vo, 3s 64d.

HUNTER, Hay.—The Crime of Christmas Day. A Tale of the

Latin Quarter. By the Author of My Ducats and my
Daughter.” 1.

HUNTER, Hay, and WHYTE, Walter.—My Ducats and My
Daughter. New and Cheaper Edition. With Frontispiece.
Crown 8vo, 6s.

INGELOW, Fean.—Off the Skelligs: a Novel. With Frontispiece. ‘
Second Edition. Crown 8vo, 6s.
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KTELLAND, Alkxander L.—Garman and Worse. A Norwegian
Novel. Authorized Translation, by W. W. Kettlewell, Crown
8vo, Gs,

MACDONALD, G.—Donal Grant. A Novel. Second FEdition.
With Frontispiece, Crown 8vo, 6.

Castle Warlock. A Novel. Second Edition., Crown 8vo, 6s.

Malcolm. With Portrait of the Author engraved on Steel,
Seventh Edition. Crown 8vo, 6s.

The Marquis of Lossie. Sixth Edition, With Frontispiece.
Crown 8vo, 05,

St. George and St. Michael. Fourth Edition. With Frontis-
piece. Crown 8vo, 6s.

MALET, Lucas,—Colonel Enderby's WWife. A Novel. New and
Cheaper Edition. With Frontispiece, Crown 8vo, 6s.

PALGRAVE, W, Gifford —Hermann Agha : an Eastern Narrative.
Third Edition. Crown 8vo, 6s. )

SHAT, Flora L—Castle Blair ; a Story of Youthful Days. New and
Cheaper Edition. Crown 8vo, 3r. 64,

STRETTON, Hesba—Through a Needle's Eye: a Story, New
and Cheaper Edition, with Frontispiece. Crown 8vo, 6s,

TAYLOR, Col. Meadnos, C.8.1., MR. 1. A —Seeta: a Novel. With
Frontispiece. Crown 8vo, 6s.

Tippoo Sultaun : a Tale of the Mysore War. With F rontispiece.
Crown 8vo, 65,

Ralph Darnell. With Frontispiece. Crown 8vo, 6,
A Noble Queen. With Frontispiece. Crown 8vo, 6s.

Thg Eg?fessiﬂns of a Thug. With Frontispicce. Crown
vo, Os,

Tara ; a Mahratta Tale. With Frontispiece. Crown 8vo, 6s,
Within Sound of the Sea. With Frontispiece, Crown 8vo, 6s,

BOOKS FOR THE YOUNG.

Brave Men'’s Footsteps. A Book of Example and Anecdote for
Young People. By the Editor of ** Men who have Risen.” With
4 Hlustrations by C, Doyle. Eighth Edition. Crown 8vo, 3s. 64,

COXHEAD, Ethel—Birds and Babies. Imp., 16mo. With 33
Illustrations. Cloth gilt, 25, 04,
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DAVIES, G. Christopher.—Rambles and Adventures of our

School Field Club. With 4 Illustrations. New and Cheaper
Edition, Crown 8vo, 3s. 64,

EDMONDS, Herbert.—Well Spent Lives: a Series of Modern Bio-
graphies. New and Cheaper Edition. Crown 8vo, 3s5. 64.

LVANS, Mari.—The Story of our Father's Love, told to Children.
Sixth and Cheaper Edition of Theology for Children, With 4
Illustrations. Feap. 8vo, 1s. 64.

FOIHNSON, Virginia W.—The Catskill Fairies. Illustrated by
Alfred Fredericks. ss.

MAC KENNA, S, ¥—Plucky Fellows. A Book for Boys. With
6 Illustrations. Fifth Edition. Crown 8vo, 3s. 64.

KEANEY, My, G. S.—Waking and Working ; or, From Girlhood
to Womanhood. New and Cheaper Edition. With a Frontis-
piece. Crown 8vo, 3s. 6d.

Blessing and Blessed: a Sketch of Girl Life. New and
Cheaper Edition. Crown 8vo, 3r. 64.

Rose Gurney’s Discovery. A Story for Girls. Dedicated to
their Mothers. Crown 8vo, 3s. 6.

English Girls: Their Place and Power. With Preface by the
Rev. R. W. Dale. Fourth Edition. Fcap. 8vo, 25 64.

Just Anyone, and other Stories. Three Illustrations. Royal
16mo, 15, 64,

Sunbeam Willie, and other Stories. Three Illustrations, Royal
16mo, 15, 64,

Sunshine Jenny, and other Stories, Three Illustrations. Royal
16mo, 1s. Gd.

STOCKTON, Frank R.—A Jolly Fellowship. With 20 Illustra-
tions. Crown 8vo, 5.

STORR, Francis, and TURNER, Hawes.—Canterbury Chimes;
or, Chaucer Tales re-told to Children. With 6 Illustrations from
the Ellesmere Manuscript. Third Edition. Fcap. 8vo, 3s. 64,

STRETTON, Hesba.—David Lloyd’s Last Will. With 4 Illustra-
tions. New Edition. Royal 16mo, 2s5. 64.

Tales from Ariosto Re-told for Children. By a Lady. With 3
Illustrations. Crown 8vo, 4s. 64,

WHITAKER, Florence.—Christy’s Inheritance. A London Story.
Illustrated, Royal 16mo, 1s5. 64.
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