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PREFACE

WAS a student of law at a time when Sir

Richard Owen was lecturing on Extinct Fossil
Reptiles. The skill of the great master, who built
bones together as a child builds with a box of
bricks, taught me that the laws which determine the
forms of animals were less understood at that time
than the laws which govern the relations of men in
their country. The laws of Nature promised a better
return of new knowledge for reasonable study. A
lecture on Flying Reptiles determined me to attempt
to fathom the mysteries which gave new types of life
to the Earth and afterwards took them away.

Thus I became the very humble servant of the
Dragons of the Air. Knowing but little about them
I went to Cambridge, and for ten years worked with
the Professor of Geology, the late Rev. Adam Sedg-
wick, LL.D.,, F.R.S,, in gathering their bones from the
so-called Cambridge Coprolite bed, the Cambridge
Greensand. The bones came in thousands, battered
and broken, but instructive as better materials might

¥



vi PREFACE

not have been. My rooms became filled with remains
of existing birds, lizards, and mammals, which threw
light on the astonishing collection of old bones which
[ assisted in bringing together for the University.

In time I had something to say about Flying
Animals which was new. The story was told in
the theatre of the Royal Institution, in a series
of lectures. Some of them were repeated in several
English towns. There was still much to learn of
foreign forms of flying animals; but at last, with
the aid of the Government grant administered by the
Royal Society, and the chiefs of the great Continental
museums, I saw all the specimens in Europe.

So I have again written out my lectures, with the
aid of the latest discoveries, and the story of animal
structure has lost nothing in interest as a twice-told
tale. It still presents in epitome the story of life on
the Earth, He who understands whence the Flying
Reptiles came, how they endured, and disappeared
from the Earth, has solved some of the greatest
mysteries of life. I have only contributed something
towards solving the problems.

In telling my story, chiefly of facts in Nature, an
attempt is made to show how a naturalist does his
work, in the hope that perhaps a few readers will find
happiness in following the workings of the laws of
life. Such an illumination has proved to many
worth seeking, a solid return for labour, which is
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not to be marketed on the Exchange, but may be
taken freely without exhausting the treasury of
Nature’s truths. Such outlines of knowledge as
here are offered to a larger public, may also, I
believe, be acceptable to students of science and
scientific men,

The drawings given in illustration of the text have
been made for me by Miss E. B. Seeley.

H G5

KENSINGTON, J/ay, 1901
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DRAGONS OF THE AIR

CHAETERS

BEEYINGS REPTICES

HE history of life on the earth during the

epochs of geological time unfolds no more
wonderful discovery among types of animals which
have become extinct than the family of fossils known
as flying reptiles. Its coming into existence, its
structure, and passing away from the living world
are among the great mysteries of Nature.

The animals are astonishing in their plan of con-
struction. In aspect they are unlike birds and beasts
which, in this age, hover over land and sea. They
oather into themselves in the body of a single indi-
vidual, structures which, at the present day, are
among the most distinctive characters of certain
mammals, birds, and reptiles.

The name “flying reptile” expresses this anomaly.
Its invention is due to the genius of the great French
naturalist Cuvier, who was the first to realise that this
extinct animal, entombed in slabs of stone, is one of
the wonders of the world.

The word “reptile” has impressed the imagination

with unpleasant sound, even when the habits of the
E



2 DRAGONS OF THE AIR

animals it indicates are unknown. It is familiarly
associated with life which is reputed venomous, and
1s creeping and cold. Its common type, the serpent,
in many parts of the world takes a yearly toll of
victims from man and beast, and has become the
representative of silent, active strength, dreaded craft,
and danger.

Science uses the word “reptile” in a more exact
way, to define the assemblage of cold-blooded animals
which in familiar description are separately named
serpents, lizards, turtles, hatteria, and crocodiles.

Turtles and the rest of them survive from great
ceological antiquity, They present from age to age
diversity of aspect and habit, and in unexpected
differences of outward proportion of the body show
how the laws of life have preserved each animal type.
For the vital organs which constitute each animal
a reptile, and the distinctive bony structures with
which they are associated, remain unaffected, or but
little modified, by the animal's external change in
appearance.

The creeping reptile is commonly imagined as the
antithesis of the bird. For the bird overcomes the
forces that hold even man to the earth, and enjoys
exalted aerial conditions of life. Therefore the marvel
is shared equally by learned and unlearned, that the
power of flight should have been an endowment of
animals sprung from the breed of serpents, or croco-
diles, enabling them to move through the air as
though they too were of a heaven-born race. The
wonder would not be lessened if the animal were
a degraded representative of a nobler type, or if
it should be demonstrated that even beasts have
advanced in the battle of life. The winged reptile,

e e



FLYING REPTILES 3

when compared with a bird, is not less astounding
than the poetic conceptions in Milton’s Paradise
Lost of degradation which overtakes life that once
was amongst the highest. And on the other hand,
from the point of view of the teaching of Darwin
in the theories of modern science, we are led to ask
whether a flying reptile may not be evidence of the
physical exaltation which raises animals in the scale
of organisation. The dominance upon the earth of
flying reptiles during the great middle period of
geological history will long engage the interest
of those who can realise the complexity of its
structure, or care to unravel the meaning of the
procession of animal forms in successive geological
ages which preceded the coming of man.

The outer vesture of an animal counts for little in
estimating the value of ties which bind orders of
animals together, which are included in the larger
classes of life. The kindred relationship which makes
the snake of the same class as the tortoise is deter-
mined by the soft vital organs—brain, heart, lungs—
which are the essentials of an animal’s existence and
control its way of life. The wonder which science
weaves into the meaning of the word “ reptile,” “ bird,”
or “mammal,” is partly in exhibiting minor changes
of character in those organs and other soft parts, but
far more in showing that while they endure un-
changed, the hard parts of the skeleton are modified
in many ways. For the bones of the reptile orders
stretch their affinities in one direction towards the
skeletons of salamanders and fishes; and extend
them also at the same time in other directions,
towards birds and mammals, This mystery we may
hope to partly unravel.



CHAPTER 11

HOW- A REPTILE 1S KNOWN

DEFINITION OF REPTILES BY THEIR
VITAL ORGANS

HE relations of reptiles to other animals may be
stated so as to make evident the characters and
affinities which bind them together. Early in the
nineteenth century naturalists included with the Rep-
tilia the tribe of salamanders and frogs which are
named Amphibia. The two groups have been sepa-
rated from each other because the young of Amphibia
pass through a tadpole stage of development. They
then breathe by gills, like fishes, taking oxygen from
the air which is suspended in water, before lungs are
acquired which afterwards enable the animals to take
oxygen directly from the air. The amphibian some-
times sheds the gills, and leaves the water to live on
land. Sometimes gills and lungs are retained through
life in the same individual. This amphibian con-
dition of lung and gill being present at the same
time is paralleled by a few fishes which still exist,
like the Australian Cerafodus, the lung-fish, an ancient
type of fish which belongs to early days in geological
time.
This metamorphosis has been held to separate the

4



HOW A REPTILE IS KNOWN 5

amphibian type from the reptile because no existing
reptile develops gills or undergoes a metamorphosis.
Yet the character may not be more im- |
portant as a ground for classification
than the community of gills and lungs
in the fish and amphibian is ground for
putting them together in one natural
group. For although no gills are found
in reptiles, birds, or mammals, the
embryo of each in an early stage of
development appears to possess gill-
arches, and gill-clefts between them,
through which gills might have been
developed, even in the higher verte-
brates, if the conditions of life had
been favourable to such modification
of structure. In their bones Reptiles
and Amphibia have much in common.
Nearly all true reptiles lay eggs, which
are defined like those of birds by com-
paratively large size, and are contained
in shells. This condition is not usual
in amphibians or fishes. When hatched
the young reptile is completely formed,
the image of its parent, and has no need FIG. 1
to grow a covering to its skin like some I'Uﬁﬂ-fgiﬁ:zmu
birds, or shed its tail like some tadpoles, Partly laid open to show
R : ; S 3 its chambered structure
The reptile is like the bird in freedom  (Afer Gaather)
from important changes of form after the egg is
hatched ; and the only structure shed by both is the
little horn upon the nose, with which the embryo
breaks the shell and emerges a reptile or a bird,
growing to maturity with small subsequent variations
in the proportions of the body.
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THE REFPTILE SKIN

Between one class of animals and another the
differences in the condition of the skin are more
or less distinctive. In a few amphibians there are
some bones in the skin on the under side of the
body, though the skin is usually naked, and in frogs
is said to transmit air to the blood, so as to exercise
a respiratory function of a minor kind. This naked
condition, so unlike the armoured skin of the true
Reptilia, appears to have been paralleled by a number
of extinct groups of fossils of the Secondary rocks,
such as Ichthyosaurs and Plesiosaurs, which were
aquatic, and probably also by some Dinosauria, which
were terrestrial.

Living reptiles are usually defended with some
kind of protection to the skin. Among snakes and
lizards the skin has commonly a covering of over-
lapping scales, usually of horny or bony texture.
The tortoise and turtle tribe shut up the animal in a
true box of bone, which is cased with an armour of
horny plates. Crocodiles have a thick skin em-
bedding a less continuous coat of mail. Thus the
skin of a reptile does not at first suggest anything
which might become an organ of flight; and its
dermal appendages, or scales, may seem further re-
moved from the feathers which ensure flying powers
to the bird than from the naked skin of a frog.

THE REPTILE BRAIN

Although the mode of development of the young
and the covering of the skin are conspicuous among
important characters by which animals are classified,
the brain is an organ of some importance, although
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of greater weight in the higher Vertebrata than in its
lower groups. Reptiles have links in the mode of
arrangement of the parts of their brains with fishes
and amphibians. The regions of that organ are com-
monly arranged in pairs of nervous masses, known
as (1) the olfactory lobes, (2) the cerebrum, behind
which is the minute pineal body, followed by (3) the
pair of optic lobes, and hindermost of all (4) the
single mass termed the cerebellum. These parts of
the brain are extended in longitudinal order, one
behind the other in all three groups. The olfactory
lobes of the brain in Fishes may be as large as
the cerebrum ; but among Reptiles and Amphibians
they are relatively smaller, and they assume more of
the condition found in mammals like the Hare or
Mole, being altogether subordinate in size. And the
cerebral masses begin to be wider and higher than
the other parts of the brain, though they do not extend
forward above the olfactory lobes, as is often seen in
Mammals. In Crocodiles the cerebral hemispheres
have a tendency to a broad circular form. Among
Chelonian reptiles that region of the brain is more
remarkable for height. Lizards and Ophidians both
have this part of the brain somewhat pear-shaped,
pointed in front, and elongated. The amphibian
brain only differs from the lizard type in degree ; and
differences between lizards’ and amphibian brains are
less noticeable than between the other orders of
reptiles. The reptilian brain is easily distinguished
from that of all other animals by the position and
proportions of its regions (see Fig. 19, p. 53).

Birds have the parts of the brain formed and
arranged in a way that is equally distinctive. The
cerebral lobes are relatively large and convex, and
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]

deserve the descriptive name “hemispheres.” They
are always smooth, as among the lower Mammals,
and extend backward so as to abut against the hind
brain, termed the cerebellum. This junction is
brought about in a peculiar way. The -cerebral
hemispheres in a bird do not extend backward to
override the optic lobes, and hide them, as occurs
among adult mammals, but they extend back be-
tween the optic lobes, so as to force them apart and
push them aside, downward and backward, till they
extend laterally beyond the junction of the cerebrum
with the cerebellum. The brain of a Bird is never
reptilian; but in the young Mammal the brain has
a very reptilian aspect, because both have their parts
primarily arranged in a line. Therefore the brain
appears to determine the boundary between bird
and reptile exactly

REPTILIAN BREATHING ORGANS

The breathing organs of Birds and Reptiles which
are associated with these different types of brain are
not quite the same. The Frog has a cellular lung
which, in the details of the minute sacs which branch
and cluster at the terminations of the tubes, is not
unlike the condition in a Mammal. In a mammal
respiration is aided by the bellows-like action of the
muscles connected with the ribs, which encase the
cavity where the lungs are placed, and this structure
is absent in the Frog and its allies. The Frog, on the
other hand, has to swallow air in much the same way
as man swallows water. The air is similarly grasped
by the muscles, and conveyed by them downward to
the lungs. Therefore a Frog keeps its mouth shut,
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and the animal dies from want of air if its mouth is
open for a few minutes.

Crocodiles commonly lie in the sun with their
mouths widely open. The lungs in both Crocodiles
and Turtles are moderately dense, traversed by great
bronchial tubes, but do not differ essentially in plan
from those of a Frog, though the great branches of
the bronchial tubes are stronger, and the air chambers
into which the lung is divided are somewhat smaller.
The New Zealand Hatteria has the lungs of this
cellular type, though rather resembling the amphibian
than the Crocodile. The lungs during life in all
these animals attain considerable size, the maximum
dimensions being found in the terrestrial tortoises,
which owe much of their elevated bulk to the dimen-
sions of the air cells which form the lungs.

The lungs of Serpents and Lizards are formed on
a different plan. In both those groups of reptiles
the dense cellular tissue is limited to the part of the
lung which is nearest to the throat. This network
of blood vessels and air cells extends about the
principal bronchial tube much as in other animals,
but as it extends backward the blood vessels become
few until the fwbular lung appears in its hinder part,
as it extends down the body, almost as simple in
structure as the air bladder of a fish. Among Ser-
pents only one of these tubular lungs is commonly
present, and the structure has a less efficient appear-
ance as a breathing organ than the single lung of the
fish Ceratodus (Fig.1). The Chameleons are a group of
lizards which differ in many ways from most of their
nearest kindred, and the lungs, while conforming in
general plan to the lizard type in being dense at the
throat, and a tubular bladder in the body, give off
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on both sides a number of short lateral branches
like the fingers of a glove (Fig. 18, p. 51).

Thus the breathing organs of reptiles present two
or three distinct types which have caused Serpents
and Lizards to be associated in one group by most
naturalists who have studied their anatomy; while
Crocodiles and Chelonians represent a type of lung
which is quite different, and in those groups has
much in common. These characters of the breath-
ing organs contribute to separate the cold-blooded
armoured reptiles from the warm-blooded birds
clothed with feathers, as well as from the warm-
blooded mammals which suckle their young; for both
these higher groups have denser and more elastic
spongy lung tissue.

[t will be seen hereafter that many birds in the
most active development of their breathing organs
substantially revert to the condition of the Serpent
or Chameleon in a somewhat modified way. Because,
instead of having one great bronchial tube expanded
to form a vast reservoir of air which can be dis-
charged from the lung in which the reptile has
accumulated it, the bird has the lateral branches
of the bronchial tubes prolonged so as to pierce the
walls of the lung, when its covering membrane ex-
pands to form many air cells, which fill much of the
cavity of the bird's body (see Fig. 16). Thus the bird
appears to combine the characters of such a lung as
that of a Crocodile, with a condition which has some
analogy with the lung of a Chameleon. It is this link
of structure of the breathing organs between reptiles
and birds that constitutes one of the chief interests
of flying reptiles, for they prove to have possessed
air cells prolonged from the lungs, which extended
into the bones,



CHAPTER III

AERERTILE SIS KNOWN BY 115
BONES

UCH are a few illustrations of ways in which

reptiles resemble other animals, and differ from
them, in the organs by means of which the classifi-
cation of animals is made. But such an idea is
incomplete without noticing that the bony framework
of the body associated with such vital organs also
shows in its chief parts that reptiles are easily recog-
nised by their bones. I will therefore briefly state
how reptiles are defined in some regions of the
skeleton, for in tracing the history of reptile life
the bones are the principal remains of animals
preserved in the rocks; and the soft organs which
have perished can only be inferred to have been
present from the persistence of durable characteristic
parts of the skeleton, which are associated with those
soft organs in animals which exist at the present day,
and are unknown in other animals in which the
skeleton is different.

THE HANG OF THE LOWER JAW

The manner in which the lower jaw is connected
with the skull yields one of the most easily recog-

11



12 DRAGONS OF THE AIR

nised differences between the great groups of verte-
brate animals.

In Mammals—In every mammal—such as the Dog
or Sheep—the lower jaw, which is formed of one bone
on each side, joins directly on to the head of the
animal, and moves upon a bone of the skull which

PTERODACTYLUS KOCHT FIG. 2 SKULL OF BEAR

Comparizon to show the articulation with the lower jaw in a mammal and
Plerodactyins Kocki. The quadrate bone is lettered () in this
Pterodactyle, and comes between the skull and the lower
jaw like the quadrate bone in a bird and in lizards

is named the temporal bone. This character is
sufficient to prove, by the law of association of soft
and hard parts of the body, that such an animal had
warm blood and suckled its young.

I/n Birds.—In birds a great difference is found in
this region of the head. The temporal bone, which
it will be more convenient to name the squamosal
bone, from its squamous or scale-like form, is still
a part of the brain case, and assists in covering the
brain itself, exactly as among mammals. But the
lower jaw is now made up of five or six bones. And
between the hindermost and the squamosal there is
an intervening bar of bone, unknown among mam-
malia, which moves upon the skull by a joint, just as
the lower jaw moves upon it. This movable bone
unites with parts of the palate and the face, and is
known as the quadrate bone. Its presence proves
that the animal possessing it laid eggs, and if the
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face bones join its outer border just above the lower
jaw, it proves that the animal possessed hot blood.

In Reptiles.—All reptiles are also regarded as
possessing the quadrate bone. But the squamosal
bone with which it always unites is in less close
union with the brain case, and never covers the brain
itself. Serpents show an extreme divergence in this
condition from birds, for the squamosal bone appears
to be a loose external plate of bone which rests
upon the compact brain case and gives attachment
to the quadrate bone which is as free as in a bird.
Among Lizards the quadrate bone is usually almost
as free. In the other division of existing Reptilia,
including Crocodiles, the New Zealand lizard-like
reptile Hatteria, called Tuatera, and Turtles, the
squamosal and quadrate bones are firmly united with
the bones of the brain case, face, and palate, so that
the quadrate bone has no movement; and the same
condition appears in amphibians, such as Toads and
Frogs. With these conditions of the quadrate bone
are associated cold blood, terrestrial life, and young
developed from eggs.

In Fishes.—Bony fishes, and all others in which
separate bones build up the skull, differ from Rep-
tiles and Birds much as those animals differ from
Mammals. The union of the lower jaw with the
skull becomes complicated by the presence of addi-
tional bones. The quadrate bone still forms a pulley
articulation upon which the lower jaw works, but
between it and the squamosal bone is the character-
istic bone of the fish known as the hyomandibular,
commonly connected with opercular bones and
metapterygoid which intervene, and help to unite
the quadrate with the brain case. In the Cartila-
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aginous fishes there is only one bone connecting the
jaws with the skull on each side. This appears to
prove that just as the structure of the arch of bones
suspending the jaw may be complicated by the
mysterious process called segmentation, which sepa-
rates a bone into portions, so simplification and
variation may result because the primitive divisions
of the material cease to be made which exists before
bones are formed.

The principal regions of the skull and skeleton all
vary in the chief groups of animals with backbones;
so that the Reptile may be recognised among fossils,
even in extinct groups of animals and occasionally
restored from a fragment, to the aspect which charac-
terised it while it lived.



CHAFPTER IV

ANIMALS WHICH EL.Y

HE nature of a reptile is now sufficiently in-
telligible for something to be said concerning
flight,and structures by means of which some animals

lift themselves in the air.

It is not without interest

to remember that, from the earliest periods in human
records, representations have been made of animals
which were furnished with wings, yet walked upon

four feet, and in their
typical aspect have the
head shaped like that of
a bird. They are com-
monly named Dragons.

FLYING DRAGONS

The effigy of the
dragon survives to the
present day in the figure
over which St. George
triumphs, on the reverse
of the British sovereign.
In the luxuriant imagi-
nations of ancient East-

ern peoples, dating back prom 7 Basee &
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to prehistoric ages, perhaps 5000 B.C,, the dragons
present an astonishing constancy of form. In after-
times they underwent a curious evolution, as the con-
ception of Babylon and Egypt is traced through

f.l"

o
&

FIG. 4. FIGURE FROM THE TEMPLE OF EPHESUS

Assyria to Greece. The Wings, which had been asso-
ciated at first with the fore limb of the typical dragon,
become characteristic of the Lion, and of the poet’s
winged Horse, and finally of the Human figure itself,
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carved on the great columns of the Greek temples of
Ephesus. These flying animals are historically de-
scendants of the same common stock with the dragons
of China and Japan, which still preserve the aspect
of reptiles. Their interest is chiefly in evidence of
a latent spirit of evolution in days too remote for its
meaning to be now understood, which has carried the
winged forms higher and ever higher in grade of
organisation, till their wings ceased to be associated
with feelings of terror. The Hebrew cherubim are
regarded by H. E. Ryle, Bishop of Exeter, as prob-
ably Dragons, and the figure of the conventional
angel is the human form of the Dragon.

ORGANS OF FLIGHT

Turning from this reference to the realm of myth-
ology to existing nature, the power of flight is
popularly associated with all the chief types of
vertebrate animals—fishes, frogs, lizards, birds, and
mammals. Many of the animals ill deserve the
name of flyers, and most are exceptions to different
conditions of existence which control their kindred,
but it is convenient to examine for a little the nature
of the structures by which this movement in the air,
which is not always flight, is made possible. Certain
fishes, like the lung-fish Ceratodus, of Queensland,
and the mud-fish Lepidosiren, are capable of leaving
the water and living on land, and for a time breathe
air. But neither these fishes nor Periophthalmus,
which runs with rapid movement of its fins and
carries the body more or less out of water, or the
climbing perch, Anabas, carried out of water over
the country by Indian jugglers, ever put on the
slightest approach to wings.

=
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FLYING FISHES

The flight of fishes is a kind of parachute support
not unlike that by which a folded paper is made to
travel in the air. It is chiefly seen in the numerous
species of a genus Exoccetus, allied to the gar-pike

; n‘l o r":
‘iﬁ"# 14.%?1 . F o

F1G. 5. THE FLYING FISH EXOCETUS

With the fing extended moving through the air

(Belone), which is common in tropical seas, and
usually from a foot to eighteen inches long. They
emerge from the water, and for a time support them-
selves in the air by means of the greatly developed
breast fins, which sometimes extend backward to the
tail fin. Although these fins appear to correspond
to the fore limbs of other animals, they may not
be moved at the will of the fish like the wing of a
bird. When the flying fishes are seen in shoals in
the vicinity of ships, those fins remain extended, so
that the fish is said sometimes to travel 200 yards
at a speed of fifteen miles an hour, rising twenty feet
or more above the surface of the sea, travelling in
a straight line, though sometimes influenced by the
wind. Here the organ, which is at once a fin and a
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wing, consists of a number of thin long rods, or rays,
which are connected by membrane, and vary in
length to form an outline not unlike the wing of a
bird which tapers to a point. The interest of these
animals is chiefly in the fact that flight is separated
from the condition of having lungs with which it
is associated in birds, for although the flying fish has
an air bladder, there is no duct to connect it with
the throat,

FLYING FROGS

Among amphibians the organs of flicht are also
of a parachute kind, but of a different nature. They
are seen 1in certain frogs which
frequent trees,and are limited
to membranes which extend
between the diverging digits
of the hand and foot, forming
webs as fully developed as in
the foot of a swimming bird.
As these frogs leap, the mem-
branes are expanded and help
to support the weight of the

- '1G. 6. THE FLYING FROG
body, so that the animal de- (RHACOPHORUS)

scends more easily as it moves  The membranes of the foot and
hand extend between the metatarsal

from branch to branch. There and metacarpal bones, as well as the

bones of the digits.

is no evidence that the bones
of the digits ever became elongated like the fin rays
of the flying fish or the wing bones of a Bat; but
the web suggests the basis of such a wing, and the
possibilities under which wings may first originate,
by elongation of the bones of a webbed hand like
that of a Flying Frog.
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FLYING LIZARDS

The Reptilia in their several orders are remarkable
for absence of any modification of the arms which
might suggest a capacity for acquiring wings, as
being latent in their organisation. Crocodiles, Tor-
toises, and Serpents are alike of the earth, and not
of the air. But among Lizards there are small groups

FIG. 7. THE FLYING DRAGON, DRACO
Forming a parachute by means of the extended ribs

of animals in which a limited capacity for
\ movement through the air is developed.
) [t is best known in the family of small
lizards named Dragons, represented typic-
ally by the species Draco volans found in the Oriental
region of the East Indies and Malay Archipelago.
The organ of flight is produced in an unexpected
way, by means of the ribs instead of the limbs. The
ribs extend outward as far as the arms can stretch,
and the first five or six are prolonged beyond the
body so as to spread a fold of skin on each side
between the arm and the leg. The membrane admits
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of some movement with the ribs. This arrangement
forms a parachute, which enables the animal to move
rapidly among branches of trees, extending the struc-
ture at will, so that it is used with rapidity too quick
to be followed by the eye, as it leaps through consider-
able distances.

A less singular aid to movement in the air is found
in some of the lizards termed Geckos. The so-called
Flying Gecko (Platydactylus homaloceplhalus) has a
fringe unconnected with ribs, which extends laterally
on the sides of the body and tail, as well as at the
back and front of the fore and hind limbs, and be-
tween the digits, where the web is sometimes almost as
well developed as among Tree Frogs. This is essen-
tially a lateral horizontal frill, extending round the
body. Its chief interest is in the circumstance that it
includes a membrane which extends between the wrist
bones and the shoulder on the front of the arm. That
is the only part of the fringe which represents the wing
membrane of a bird. The fossil flying reptiles have
not only that membrane, but the lateral membranes
at the sides of the body and behind the arms.

Other lizards have the skin developed in the
direction of the circumference of the body. In the
Australian Chlamydosaurus it forms an immense
frill round the neck like a mediaval collar. But
though such an adornment might break a fall, it
could not be regarded as an organ of flight.

FLYING BIRDS

The wings of birds, when they are developed so as
to minister to flight, are all made upon one plan ; but
as examples of the variation which the organs con-
tributing to make the fore limb manifest, I may
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instance the short swimming limb of the Penguin,
the practically useless rudiment of a wing found in
the Ostrich or Kiwi, and the fully developed wing of
the Pigeon. The wings of birds obtain an extensive
surface to support the animal by muscular movements

Redshanks

Mallard

FIG, 8, POSITION OF BIRDS IN FLIGHT

of three modifications of structure. First, the bones
of the fore limb are so shaped that they cannot, in
existing birds, be applied to the ground for support
and be used like the limbs of quadrupeds, and are
therefore folded up at the sides of the body, and
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carried in an unused or useless state so long as the
animal hops on the ground or walks, balancing its
weight on the hind legs. Secondly, there are two
small folds of skin, less conspicuous than those on
the arms of Geckos; one is between the wrist bones
and the shoulder, and the smaller hinder membrane
is between the upper arm and the body. These
membranous expansions are insignificant, and would
in themselves be inadequate to support the body or
materially assist its movements. Thirdly, the bird
develops appendages to the skin which are familiarly
known as feathers, and the large feathers which make
the wing are attached to the skin covering the lower
arm bone named the ulna, and the other bones which
represent the wrist and hand. The area and form of
the bird’s wing are due to individual appendages to
the skin, which are unknown in any other group of
animals. Between the extended wing of the Alba-
tross, measuring eleven feet in spread, and the con-
dition in the Kiwi of New Zealand, in which the
wing is vanishing, there is every possible variation in
size and form. As a rule, the larger the animal the
smaller is the wing area. The problem of the origin
of the bird’s wing is not to be explained by study of
existing animals; for the rowing organ of the Pen-
guin, which in itself would never suggest flight,
becomes an organ of flight in other birds by the
growth upon it of suitable feathers. Anyone who
has seen the birds named Divers feeding under water,
swimming rapidly with their wings, might never
suspect that they were also organs of aerial flight.
The Ostrich is even more interesting, for it has not
developed flight, and still retains at the extremities
of two of the digits the slender claws of a limb
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which was originally no wing at all, but the support
of a four-footed animal (Fig. 46, p. 130).

FLYING MAMMALS

Flight is also developed among mammals. The
Insectivora include several interesting examples of
animals which are capable of a certain motion through
the air. In the tropical forests of the Malay Archi-
pelago are animals known as Flying Squirrels, Flying

N Ci‘rpc:ssurn S, Fl‘ying I.ﬁlnl:lrs, Flying
1 Foxes, in which the skin extends
} ) outward laterally from the sides

of the body so as to connect the
fore limbs with the hind limbs,
and is also prolonged backward
from the hind limbs to the tail
. The four digits are never elon-
L 1 e gatedi the bones of the fore limb
R “  are neither longer nor larger than
those of the hind limb, and the
foot terminates in five little claws
as in other four-footed animals.
This condition is adapted for the arboreal life which
those animals live, leaping from branch to branch,
feeding on fruits and leaves, and in some cases
upon insects. These mammals may be compared
with the Flying Geckos among reptiles in their
parachute-like support by extension of the skin,
which gives them one of the conditions of support
which contribute to constitute flight.

Bats.—One entire order of mammals—the Bats—
not only possess true wings, but are capable of flight
which is sustained, and in some cases powerful. The
wings are clothed with short hair like the rest of the

- ————
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FIG. 9. FLYING
SOUIRREL (PTEROMYS)
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body, and thus the instrument of flight is unlike that
of a bird. The flight of a Bat differs from that
of all other animals in being dependent upon a
modification of the bones of the fore limb, which,
without interfering with the animal's movements as
a quadruped, secures an extension of the wing which
is not inferior in area to that which the bird obtains

I Chalinolobus

------

FIG. 1O

NEW ZEALAND BAT FLYING. BARBASTELLE WALKING

by elongation of the bones of the arm and fore-arm
and its feathers. The distinctive peculiarity of the
Bat’s wing is in the circumstance that four of the
digits of the hand have their bones prolonged to
a length which is often equal to the combined length
of the arm and fore-arm. The bones of the digits

Metacarpal bones
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diverge like the ribs of an umbrella, and between
them is the wing membrane, which extends from the
sides of the body outward, unites the fore limb with
the hind limb, and is prolonged down the tail as
in the Flying Foxes. DBats have a small membrane
in front of the bones of the arm and fore-arm
stretching between the shoulder and the wrist, which
corresponds with the wing membrane of a bird ; but
the remainder of the membranes in Bats' wings are
absent in birds, because their function is performed
by feathers which give the wing its area. The
elongated digits of the Bat's wing are folded together
and carried at the sides of the body as though they
were a few quill pens attached to its wrist, where the
one digit, which is applied to the ground in walking,
terminates in a claw.

The organs which support animals in the air are
thus seen to be more or less dissimilar in each of the
ogreat groups of animals. They fall into three chief
types: first, the parachute; secondly, the wing due
to the feathers appended to the skin; and thirdly, the
wing formed of membrane, supported by enormous
elongation of the small bones of the back of the
hand and fingers. The two types of true wings are
limited to birds and bats; and no living reptile
approximates to developing such an organ of flight
as a wing. Judged, therefore, by the method of com-
paring the anatomical structures of one animal with
another, which is termed “ comparative anatomy,” the
existence of flying reptiles might be pronounced
impossible. But in the light which the revelations
of geology afford, our convictions become tempered
with modesty ; and we learn that with Nature nothing
is impossible in development of animal structure.



CHAPTER V

BISEON EEY S0 B Sl FL R
PTERODACYEYI B

ATE in the eighteenth century,in 1784, a small
fossil animal with wings began to be known
through the writings of Collini, as found in the white
lithographic limestone of Solenhofen in Bavaria, and
was regarded by him as a former inhabitant of the
sea. The foremost naturalist of the time, the citizen
Cuvier—for it was in the days of the French Republic
—in 1801, 1in lucid language, interpreted the animal as
a genus of Saurians. That word, so familiar at the
present day, was used in the first half of the century
to include Lizards and Crocodiles; and described
animals akin to reptiles which were manifestly re-
lated neither to Serpents nor Turtles. But the term
saurian is no longer in favour, and has faded from
science, and is interesting only in ancient history of
progress. The lizards soon became classed in close
alliance with snakes. And the crocodiles, with the
Hatteria, were united with chelonians. Most modern
naturalists who use the term saurian still make it
an equivalent of lizard, or an animal of the lizard
kind.
27
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CUVIER
Cuvier defined this fossil from Solenhofen as dis-
tinguished by the extreme elongation of the fourth

digit of the hand, and from that character invented
for the animal the name Pterodactyle. He tells us

FIG. 11. PrERODACTYLUS LONGIROSTRIS (Cuvier)

The remains are preserved with the neck arched over the back, and the jaws
opened upward

that its flight was not due to prolongation of the ribs,
as among the living lizards named Dragons; or to a
wing formed without the digits being distinguishable
from each other, as among Birds; nor with only one
digit free from the wing, as among Bats; but by



DISCOVERY OF THE PTERODACTYLE 29

having the wing supported mainly by a single greatly
elongated digit, while all the others are short and
terminate in claws. Cuvier described the amazing
animal in detail, part by part; and such has been the
influence of his clear words and fame as a great
anatomist that nearly every writer in after-years,
in French and in English, repeated Cuvier's con-

]
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FIG., 12, THE SKELETON OF PTEROCDACTYLUS LONGIROSTRIS

Reconstructed from the scattered bones in Fig. 14, showing the limbs
on the left side

clusion, maintained to the end, that the animal i1s a
saurian.

Long before fashion determined, as an article of
educated belief, that fossil animals exist chiefly to
bridge over the gaps between those which still sur-
vive, the scientific men of Germany were inclined to
see in the Pterodactyle such an intermediate type
of life. At first Sommerring and Wagler would
have placed the Pterodactyle between mammals
and birds.
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GOLDFUSS

But the accomplished naturalist Goldfuss, who
described another fine skeleton of a Pterodactyle
in 1831, saw in this flying animal an indication of
the course taken by Nature in changing the reptilian
organisation to that of birds and mammals. It is
the first flash of light on a dark problem, and its
brilliance of inference has never been equalled. Its

FIG. 13. THE PTERODACTYLUS LONGIRGSTRIS RESTORED
FROM THE REMAINS IN FIG. Il

Showing positions of the wing membranes with the animal at rest

effects were seen when Prince Charles Bonaparte,
the eminent ornithologist, in Italy, suggested for the
ogroup the name Ornithosauria; when the profound
anatomist de Blainville, in France, placed the short-
tailed animal in a class between Reptiles and Birds
named Pterodactylia; and Andreas Wagner, of
Munich, who had more Pterodactyles to judge from
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than his predecessors, saw in the fossil animal a
saurian in transition to a bird.

VON MEYER

But the German interpretation is not uniform,
and Hermann von Meyer, the banker-naturalist of
Frankfurt a./M., who made himself conversant with
all that his predecessors knew, and enlarged know-
ledge of the Pterodactyles on the most critical facts
of structure, continued to regard them as true reptiles,
but flying reptiles. Such is the influence of von
Meyer that all parts of the world have shown a
disposition to reflect his opinions, especially as they
practically coincide with the earlier teaching of
Cuvier. Owen and Huxley in England, Cope and
Marsh in America, Gaudry in France, and Zittel in
Germany have all placed the Pterodactyles as flying
reptiles. Their judgment is emphatic. But there is
weight of competent opinion to endorse the evolu-
tionary teaching of Goldfuss that they rise above
reptiles. To form an independent opinion the modern
student must examine the animals, weigh their char-
acters bone by bone, familiarise himself, if possible,
with some of the rocks in which they are found;
to comprehend the conditions under which the fossils
are preserved, which have added not a little to the
interest in Pterodactyles, and to the difficulty of
interpretation.

GEOLOGICAL HISTORY OF PTERODACTYLES IN
GERMANY

We may briefly recapitulate the geological history.
Those remains of Ornithosaurs which have been men-
tioned, with a multitude of others which are the glory
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of the museums of Munich, Stuttgart, Tiibingen,
Heidelberg, Bonn, Haarlem, and I.ondon, have all
been found in working the lithographic stone of
Bavaria. The whitish yellow limestone forms low,
flat-topped hills, now isolated from each other by
natural denudation, which has removed the inter-
vening rock. The stone is found at some distance
north of the Danube, in a line due north of Augsburg,
in the country about Pappenheim, and especially at
the villages of Solenhofen, Eichstidt, Kelheim, and
Nusplingen. These beds belong to the rocks which
are named White Jura limestone in Germany, which
is of about the same geological age as the Kimeridge
clay in England. Much of it divides into very thin
layers, and in these planes of separation the fossils
are found. They include the Ammonites [litho-
graphicus and a multitude of marine shells, king
crabs and other Crustacea, sea-urchins, and other
fossils, showing that the deposit was formed in the
sea. The preservation of jelly-fish, which so soon
disappear when left dry on the beach, shows that the
ancient calcareous mud had unusual power of pre-
serving fossils. Into this sea, with its fishes great
and small, came land plants from off the land, dragon-
flies and other insects, tortoises and lizards, Ptero-
dactyles with their flying organs, and birds still
clothed with feathers. Sometimes the wing mem-
branes of the flying reptiles are found fully stretched
by the wing finger, as in examples to be seen at
Munich and in the Yale Museum in Newhaven, in
America. At Haarlem there is an example in which
the wing membrane appears to be folded much as in
the wing of a Bat, when the animal hangs suspended,
with the flying membrane bent into a few wide un-
dulations.
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The Solenhofen Slate belongs to about the middle
period of the history of flying reptiles, for they
range through the Secondary epochs of geological
time. Remains are recorded in Germany from the
Keuper beds at the top of the Trias, which is the
bottom division of the Secondary strata; and I be-
lieve I have seen fragments of their bones from
the somewhat older Muschelkalk of Germany.

THEIR HISTORY IN ENGLAND

In England the remains are found for the first time
in the Lower Lias of Lyme Regis, in Dorset, and the
Upper Lias of Whitby, in Yorkshire. In Wurtemberg
they occur on the same horizons. They reappear in
England, in every subsequent age, when the condi-
tions of the strata and their fossils give evidence of
near proximity to land. In the Stonesfield Slate of
Stonesfield, in Oxfordshire, the bones are found
isolated, but indicate animals of some size, though
not so large as the rare bones of reputed true
birds which appear to have left their remains in
the same deposit.

At least two Pterodactyles are found in the Oxford
clay, known from more or less fragmentary remains or
isolated bones; just as they occur in the Kimeridge
Clay, Purbeck Limestone, Wealden sandstones, and
especially in newer Secondary rocks, named Gault,
Upper Greensand, and Chalk, in the south-east of
England.

Owing to exceptional facilities for collecting, in
consequence of the Cambridge Greensand being
excavated for the valuable mineral phosphate of
lime it contains, more than a thousand bones are

preserved, more or less broken and battered, in the
D
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Woodwardian Museum of the University of Cam-
bridge alone. To give some idea of their abundance,
it may be stated that they were mostly gathered
during two or three years, as a matter of business,
by an intelligent foreman of washers of the nodules
of phosphate of lime, which, in commerce, are named
coprolites. He soon learned to distinguish Ptero-
dactyle bones from other fossils by their texture, and
learned the anatomical names of bones from speci-
mens in the University Museum., This workman,
Mr. Pond, employed by Mr. William Farren, brought
together not only the best of the remains at Cam-
bridge, but most of those in the museums at York
and in London, and the thousands of less perfect
specimens in public and private collections which
passed through the present writer’'s hands in en-
deavours to secure for the University useful illustra-
tions of the animal’s structure. These fragments,
among which there are few entire bones, are valu-
able, for they have afforded opportunities of examin-
ing the articular ends of bones in every aspect, which
is not possible when similar organic remains are em-
bedded in rock in their natural connexions.

In England Flying Reptiles disappear with the
Chalk. In that period they were widely distributed,
being found in Bohemia, in Brazil, and Kansas in the
United States, as well as in Kent and other parts of
England. They attained their largest dimensions in
this period of geological time. One imperfect frag-
ment of a bone from the Laramie rocks of Canada
was described, I believe, by Cope, though not identi-
fied by him as Ornithosaurian, and is probably newer

than other remains.
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ASPECT OF PTERODACTYLES

If this series of animals could all be brought
together they would vary greatly in aspect and
stature, as well as in structure. Some have the head
enormously long, in others it is large and deep,
characters which are shared by extinct reptiles which
do not fly, and to which some birds may approxi-
mate ; while in a few the head is small and compact,
no more conspicuous, relatively, than the head of
a Sparrow. The neck may be slender like that of
a Heron, or strong like that of an Eagle; the back is
always short, and the tail may be inconspicuous, or
as long as the back and neck together. These flying
reptiles frequently have the proportions of the limbs
similar to those of a Bat, with fore legs strong and
hind legs relatively small; while in some the limbs
are as long, proportionately, and graceful as those of
a Deer. With these differences in proportions of the
body are associated great differences in the relative
length of the wing and spread of the wing membranes,

DIMENSIONS OF THE ANIMALS

The dimensions of the animals have probably
varied in all periods of geological time. The
smallest, in the Lithographic Slate, are smaller than
Sparrows, while associated with them are others in
which the drumstick bone of the leg is eight inches
long. In the Cambridge Greensand and Chalk im-
perfect specimens occur, showing that the upper arm
bones are larger than those of an Ox. The shaft is
one and a half inches in diameter and the ends three
inches wide. Such remains may indicate Pterodac-
tyles not inferior in size to the extinct Moas of
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New Zealand, but with immensely larger heads,
animals far larger than birds of flight.

The late Sir Richard Owen, on first seeing these
fragmentary remains, said “the flying reptile with
outstretched pinions must have appeared like the
soaring Roc of Arabian romance, but with the fea-
tures of leathern wings with crooked claws super-
induced, and gaping mouth with threatening teeth.”
Eventually we shall obtain more exact ideas of their
aspect, when the structures of the several regions of
the body have been examined. The great dimen-
sions of the stretch of wing, often computed at
twenty feet in the larger examples, might lead to
expectations of great weight of body, if it were not
known that an albatross, with wings spreading
eleven feet, only weighs about seventeen pounds.



CHAPTER VI

HOW ANIMALS ARE INTERPRETED
BY THEIR BONES

HERE is only one safe path which the natural-

ist may follow who would tell the story of the
meaning and nature of an extinct type of animal
life, and that is to compare it as fully as possible in
its several bones, and as a whole, with other animals,
especially with those which survive. It is easy to
fix the place in nature of living animals and deter-
mine their mutual relations to each other, because all
the organs—vital as well as locomotive—are avail-
able for comparison. On such evidence they are
ogrouped together into the large divisions of Beasts,
Birds, and Reptiles; as well as placed in smaller
divisions termed Orders, which are based upon less
important modifications of fundamental structures.
All these characteristic organs have usually dis-
appeared in the fossil. Hence a new method of
study of the hard parts of the skeleton, which alone
are preserved, is used in the endeavc}ur to discover
how the Flying Reptile or othér extinct animal is to
be classified, and how it acquired its characters or
came into existence.

37
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VARIATIONS OF BONES AMONG MAMMALIA

Resemblances and differences in the bones are
easily over-estimated in importance as evidence of
pedigree relationship. The Mammalia show, by
means of such skeletons as are exhibited in any
Natural History Museum, how small is the import-
ance to be attached to even the existence of any
group of bones in detcrmining its grade of organisa-

Mole {- iraffe Porpoise

\\
\

Burrowing Running Flying Swimming

FIG. 14, THE FORE LIMB IN FOUR TYPES OF MAMMALS

Comparison of the fore limb in mammals, showing variation
of form of the bones with function

tion. The whole Whale tribe suckle their young and
conform to the distinctive characters in brain and
lungs which mark them as being mammals. But if
there is one part of the skeleton more than another
which distinguishes the Mammalia, it is the girdle of
bones at the hips which supports the hind limbs. It
is characterised by the bone named the ilium being
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uniformly directed forward. Yet in the Whale tribe
the hip-girdle and the hind limb which it usually
supports are so faintly indicated as to be practically
lost; while the fore limb becomes a paddle without
distinction of digits, and is therefore devoid of hoofs
or claws, which are usual terminations of the extremi-
ties in mammals. Yet this swimming paddle, with
its ill-defined bones—sometimes astonishing in num-
ber, as well as in fewness of the finger bones—is
represented by the burrowing fore limb of the Mole,
which lives underground; by the elongated hoofed
legs of the Giraffe, which lives on plains; and the
extended arm and finger bones of the Bat, which are
equally mammals with the Whale. From such com-
parison it is seen that no proportion, or form, or
length, or use of the bones of the limbs, or even the
presence of limbs, is necessarily characteristic of a
mammal. No limitation can be placed upon the
possible diversity of form or development of bones
in unknown animals, when they are considered in the
light of such experience of varied structural condi-
tions in living members of a single class.

What is true for the limbs and the bony arches
which support them is true for the backbone also, for
the ribs, and to some extent for the skull. The neck
in the Whale is shortened almost beyond recognition.
In the Giraffe the same seven vertebra are elongated
into a marvellous neck; so that in the technical
definition of a mammal both are said to have seven
neck vertebree. Yet exceptions show a capacity for
variation. One of the Sloths reduces the number to
six, while another has nine vertebre in the neck;
proving that there is no necessary difference between
a mammal and a reptile when judged by a character
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which is typically so distinctive of mammals as the
number of the neck bones.

The skull varies too, though to a less extent. The
Great Ant-eater of South America is a mammal abso-
lutely without teeth. The Porpoises have a simple
unvarying row of conical teeth with single roots ex-
tending along the jaw. And the dental armature of
the jaws, and relative dimensions of the skull bones,
exhibit such diversity, in evidence of what may be
parted with or acquired, that recognition of the many
reptilian structures and bones in the skull of Orni-
thorhynchus, the Australian Duckbill, demonstrates
that the difficulties in recognising an animal by its
bones are real, unless we can discover the Animal
Type to which the bones belong; and that there is
very little in osteology which may not be lost without
affecting an animal’s grade of organisation.

VARIATION IN SKIN COVERING OF MAMMALS

Even the covering of the body varies in the same
class, or even order of animals, so that the familiar
growth on the skin is never its only possible cover-
ing. The Indian ant-eater, named Manis, which
looks like a gigantic fir-cone, the Armadillo, which
sheathes the body in rings of bone, bearing only a
scanty development of hair, are examples of mam-
malian hair, as singular as the quills of a Porcupine,
the horn of a Rhinoceros, or the growth of hair of
varying length and stoutness on different parts of the
body in various animals, or the imperfect develop-
ment of hair in the marine Cetacea. Among living
animals it is enough for practical purposes to say
that a mammal is clothed with hair, but in a fossil
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state the hair must usually be lost beyond recognition
from its fineness and shortness of growth.

VARIATION IN SKIN COVERING OF BIRDS

No Class of living animals is more homogeneous
than Birds; and well-preserved remains prove that,
at least as far back in time as the Upper Oolites, birds
were clothed with feathers of essentially the same
mode of growth and appearance as the feathers of
living birds. There may, therefore, be no ground for
assuming that the covering was ever different, though
some regions of the skin are free from feathers. Yet
the variations from fine under-down to the scale-like
feathers on the wings of a Penguin, or the great
feathers in the wings of birds of flight, or the double
quill of the Ostrich group, are calculated to yield
dissimilar impressions in a fossil state, even if the
fine down would be preserved in any stratum.

VARIATION IN THE BONES OF BIRDS

Osteologically there is less variety in the skeleton
of birds than in other great groups of animals. The
existing representatives do not exhaust its capability
for modification. The few specimens of birds hitherto
found in the Secondary strata have rudely removed
many differences in the bones which separated living
birds from reptiles; so that if only the older fossil
birds were known, and the Tertiary and living birds
had not existed, a bird might have been defined as
an animal having its jaw armed with teeth, instead of
devoid of teeth; with vertebre cupped at both ends,
instead of with a saddle-shaped articulation which in
front is concave from side from side, and convex from
above downwards; in which the bones of the hand
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are separate, so that three digits terminating in claws
can be applied to the ground, instead of the meta-
carpal bones being united in a solid mass with claw-
less digits; and in which the tail is elongated like
the tail of a lizard. Yet the limits to variation are
not to be formulated till Nature has exhausted all
her resources in efforts to preserve organic types by
adapting them to changed circumstances. Birds may
be regarded theoretically as equally capable with
mammals of parting with almost every distinctive
structure in the skeleton by which it is best known.
Even the living frigate bird blends the early joints of
the backbone into a compact mass like a sacrum.
The Penguin has a cup-and-ball articulation in the
early dorsal vertebra, with the ball in front. And the
genus Cypselus has the upper arm bone almost as
broad as long, unlike the bird type. Such examples
prove that we are apt to accept the predominant
structures in an animal type as though they were
universal, and forget that inferences based, like those
of early investigators, on limited materials may be
re-examined with advantage.,

VARIATION IN THE BONES OF REPTILES

The true Reptilia, notwithstanding some strong re-
semblances to Birds in technical characters of the
skeleton, display among their surviving representa-
tives an astonishing diversity in the bony framework
of the body, exceeding that of the mammalia. This
unlooked-for capacity for varying the plan of con-
struction of the skeleton is in harmony with the
diversity of structure in groups of extinct animals
to which the name reptiles has also been given. The
interval in form is so vast between Serpent and
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Tortoise, and so considerable in structure of the
skeleton between these and the several groups of
Lizards, Crocodiles, and Hatteria, that any other
diversity could not be more surprising. And the
inference is reasonable that just as mammals live
in the air, in the sea, on the earth, and burrow under
the earth, similar modes of existence might be
expected for birds and reptiles, though no bird is
yet known to have put on the aspect of a fish, and
no reptiles have been discovered which roamed in
herds like antelopes, or lived in the air like birds
or bats, unless these fossil flying animals prove on
examination to justify the name by which they are
known,

Comparative study of structure in this way de-
molishes the prejudice, born of experience of the
life which now remains on earth, that the ideas
of Reptile and of Flight are incongruous, and not
to be combined in one animal. The comparative
study of the parts of animals does not leave the
student in a chaos of possibilities, but teaches us
that organic structures, which mark the grades of
life, have only a limited scope of change; while
Nature flings away every part of the skeleton which
is not vital, or changes its form with altering circum-
stances of existence, enforced by revolutions of the
Earth’s surface in geological time, in her efforts to
save organisms from extinction and pass the grade
of life onward to a later age,

The bones are only of value to the naturalist as
symbols, inherited or acquired, and vary in value as
evidence of the nature and association of those vital

organs which differentiate the great groups of the
vertebrata,
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These distinctive structures, which separate Mam-
mals, Birds, and Reptiles, are sometimes demonstrated
by the impress of their existence left on the bones;
or sometimes they may be inferred from the characters
of the skeleton as a whole,



CHAPTER VII

INTERPRETATION OF PTERO-
BACTVDES S BYETHEIR SOET PARTS

THE ORGANS WHICH FIX AN ANIMAL'S PLACE
IN NATURE

E shall endeavour to ascertain what marks

of its grade of organisation the Pterodactyle
has to show., The organs which are capable of modi-
fying the bones are probably limited to the kidneys,
the brain, and the organs of respiration. It may be
sufficient to examine the latter two.

PNEUMATIC FORAMINA IN PTERODACTYLES

Hermann von Meyer, the historian of the Ornitho-
saurs of the Lithographic Slate, as early as 1837
described some Pterodactyle bones from the Lias
of Franconia, which showed that air was admitted
into the interior of the bones by apertures near their
extremities, which, from this circumstance, are known
as pneumatic foramina. He drew the inference,
naturally enough, that such a structure is absolute
proof that the Pterodactyle was a flying animal.
It was not quite the right form in which the con-
clusion should have been stated, because the Ostrich
and other birds which do not fly have the principal

45
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bones pneumatic. Afterwards, in 1859, the larger
bones which Professor Sedgwick, of Cambridge,
transmitted to Sir Richard Owen
established this condition as char-
acteristic of the Flying Reptiles of
¥ the Cambridge Greensand. It was
thus found as a distinctive structure
of the bones both at the beginning
and the close of the geological
history of these animals. Von
Meyer remarks that the supposition
readily follows that in the respiratory
¥IG. 15, EEAD OF PIOCESE there was some similarity

THE HUMERUS oF between Pterodactyles and Birds,

ornITHOCHERbe . This cautious statement may per-
Showing position of the Naps be due to the circumstance
”"f.’f:,’::;'i'{fgfﬁ?"[}ﬂ’ pew'®that in many animals air cavities
e are developed in the skull with-

out being connected with organs of respiration. It
is well known that the bulk of the Elephant’s head
is due to the brain cavity being protected with an
envelope formed of large air cells. Small air cells
are seen in the skulls of oxen, pigs, and many other
mammals, as well as in the human forehead. The
head of a bird like the Owl owes something of its
imposing appearance to the way in which its mass
is enlarged by the dense covering of air cells in the
bones above the brain, like that seen in some Creta-
ceous Pterodactyles. Nor are the skulls of Crocodiles
or Tortoises exceptions to the general rule that an
animal’s head bones may be pneumatic without
implying a pneumatic prolongation of air from the
lungs. The mere presence of air cells without speci-
fication of the region of the skeleton in which they

*,

",
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occur is not remarkable, The holes by which air
enters the bones are usually much larger in Pterodac-
tyles than in Birds, but the entrance to the air cell
prolonged into the bones is the same in form and
position in both groups. So far as can be judged
by this character, there is no difference between them.
The importance of the comparison can only be ap-
preciated by examining the bones side by side. In
the upper arm bone of a bird, on what is known
as the ulnar border, near to the shoulder joint, and
on the side nearest to it, is the entrance to the air
cell in the humerus. In the Pterodactyle the corre-
sponding foramen has the same position, form, and
size, and is not one large hole, but a reticulation
of small perforations, one beyond another, exactly
such as are seen in the entrance to the air cell in the
bone of a bird, in which the pneumatic character
is found. For it is not every bird of flight which has
this pneumatic condition of the bones ; and Dr. Crisp
stated that quite a number of birds—the Swallow,
Martin, Snipe, Canary, Wood-wren and Willow-wren,
Whinchat, Glossy-starling, Spotted-fly-catcher, and
Black-headed Bunting—have no air in their bones,
And it is well known that in many birds, especially
water birds, it is only the upper bones of the limbs
which are pneumatic, while the smaller bones retain
the marrow,

LUNGS AND AIR CELLS

It may be well to remember that the lungs of a
bird are differently conditioned from those of any
other animal. Instead of hanging freely suspended
in the cone-shaped chamber of the thorax formed by
the ribs and sternum, they are firmly fixed oa each
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side, so that the ribs deeply indent them and hold
them in place. The lungs have the usual internal
structure, being made up of branching cells, The
chief peculiarity consists in the way in which the air
passes not only into them, but through them. The
air tube of the throat of a bird, unlike that of a
man, has the organ of voice, not at the upper end
in the form of a larynx, but at the lower end, form-
ing what is termed a syrinx. There is no evidence
of this in a fossil state, although in a few birds the

FIG. 16. LUNGS OF THE BIRD APTERYX
PARTLY OPENED ON THE RIGHT-HAKND SIDE
The circles are openings of the bronchial tubes on the surface of the lung

The notches on the inner edges of the lungs are impressions of the ribs
(After R. Owen)
rings of the trachza become ossified, and are pre-
served. But below the syrinx the trachaa divides
into two bronchi, tubes which carry the ringed
character into the lungs for some distance, and
these give off branches termed bronchial tubes, the
finer subdivisions from which, in their clustered
minute branching sacs, make up the substance of
the lung. There is nothing exceptional in that. But
towards the outer or middle part of the ventral or
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under surface of the lungs, four or five rounded
openings are seen on each side. Each of these
openings resembles the entrance of the air cell into
a bone, since it displays several smaller openings
which lead to it. Each opening from the lung
leads to an air cell. Those cells may be regarded as
the blowing out of the membrane which covers the
lungs into a film which holds air like a mass of soap
bubbles, until the whole cavity of the body of a

FIG. I7. THE BODY OF AN OSTRICH LAID OPEN
TO SHOW THE AIR CELLS WHICH EXTEND
THROUGH 1T5 LENGTH
{After Georges Roché)

bird from neck to tail is occupied by sacculated air
cells, commonly ten in number, five on each side,
though two frequently blend at the base of the neck
in the region of the V-shaped bone named the
clavicle or furculum, popularly known as the merry-

thought. Most people have seen some at least of
E
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these semi-transparent bladder-like air cells beneath
the skin in the abdominal region of a fowl, The cells
have names from their positions, and on each side
one is abdominal, two are thoracic, one clavicular,
and one cervical, which last is at the base of the
neck. The clavicular and abdominal air cells are
perhaps the most interesting. The air cell termed
clavicular sends a process outward towards the arm,
along with the blood vessels which supply the arm.
Thus this air cell, entering the region of the axilla
or arm-pit, enters the upper arm bone usually on its
under side, close to the articular head of the humerus,
and in the same way the air may pass from bone to
bone through every bone in the fore limb. The hind
limbs similarly receive air from the abdominal air
cell, which supplies the femur and other bones of
the leg, the sacrum, and the tail. But the joints of
the backbone in front of the sacrum receive their air
from the cervical air sac. The air cells are not
limited to the bones, but ramify through the body,
and in some cases extend among the muscles. A
bird may be said to breathe not only with its lungs,
but with its whole body. And it is even affirmed
that respiration has been carried on through a broken
arm bone when the throat was closed, and the bird
under water,

Birds differ greatly in the extent to which the air-
cell system prolonged from the lungs is developed,
some having the air absent from every bone, while
others, like the Swift, are reputed to have air in every
bone of the body.

Comparison shows that in so far as the bones are
the same in Bird and Ornithosaur, the evidence of
the air cells entering them extends to resemblance,
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if not coincidence, in every detail. No living group
of animals except birds has pneumatic limb bones,
in relation to the lungs; so that it is reasonable to
conclude that the identical structures in the bones
were due to the same cause in both the living and
extinct groups of animals. It is impossible to say
that the lungs were identical in Birds and Ptero-
dactyles, but so far as evidence goes, there is no
ground for supposing them to have been different.

THE LUNGS OF REPTILES

There is nothing comparable to birds, either in the
lungs of living reptiles or in their relation to the

FIG. 18, THE SIDE OF THE RODY OF A CHAMELEON
Ribs removed to show the sacculate branched form of the lung

bones. The Chameleon is remarkable in that the
lung is not a simple bladder prolonged through
the whole length of the body cavity, as in a serpent,
but it develops a number of large lateral branches
visible when the body is laid open. KExcept near
the trachaa, where the tissue has the usual density
of a lizard lung, the air cell is scarcely more com-
plicated than the air bladder of a fish, and does not
enter into any bone of the skeleton. And although
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many fishes like the Loach have the swim bladder
surrounded by bone connected with the head, it offers
no analogy to the pneumatic condition of the bones
in the Pterodactyle.

THE FORM OF THE BRAIN CAVITY

But the identity of the pneumatic foramina in
Birds and Flying Reptiles is not a character which
stands by itself as evidence of organisation, for a
mould of the form of the brain case contributes
evidence of another structural condition which throws
some light on the nature of Ornithosaurs. Among
many of the lower animals, such as turtles, the brain
does not fill the chamber in the dry skull, in which
the same bones are found as are moulded upon the
brain in higher animals. For the brain case in such
reptiles is commonly an envelope of cartilage, as
among certain fishes; and except among serpents,
the Ophidia, the bones do not completely close the
reptilian brain case in front. The brain fills the brain
case completely among birds. A mould from its
interior is almost as definite in displaying the several
parts of which it is formed as the actual brain would
be. And the chief regions of the brain in a bird—
cerebrum, optic lobes, cerebellum—show singularly
little variation in proportion or position. The essen-
tial fact in a bird’s brain, which separates it absolutely
from all other animals, is that the pair of nerve
masses known as the optic lobes are thrust out at
the sides, so that the large cerebral hemispheres
extend partly over them as they extend between
them to abut against the cerebellum. This remark-
able condition has no parallel among other verte-
brate animals, In Fishes, Amphibians, Reptiles, and



PTERODACTYLES 53

Mammals the linear succession of the several parts
of the brain is never departed from ; and any appear-
ance of variation from it among mammals is more
apparent than real, for the linear succession may be
seen in the young calf till the cerebral hemispheres
grow upward and lop backward, so as to hide the

Alligator Hatteria
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FlG. 19. TIHE FORM OF THE BRAIN

relatively small brain masses which correspond to
the optic lobes of reptiles, extending over these
corpora-quadrigemina, as they are named, so as to
cover more or less of the mass of the cerebellum.
I'rom these conditions of the brain and skull, it
would not be possible to mistake a mould from
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the brain case of a bird for that of a reptile, though
in some conditions of preservation it is conceivable
that the mould of the brain of a bird might be dis-
tinguished with difficulty from that of the brain in the
lowest mammals. Taken by itself, the avian form of
brain in an animal would be as good evidence that

its grade of organisation was that of a bird as could
be offered.

THE BRAIN IN SOLENHOFEN PTERODACTYLES

It happens that moulds of the brain of Ptero-
dactyles, more or less complete, are met with of
all geological ages—Liassic, Oolitic, and Cretaceous.
The Solenhofen Slate is the only deposit in Europe
in which Pterodactyle skulls can be said to be fairly
numerous. They commonly have the bones so thin
as to show the form of the upper surface of the
mould of the brain, or the bones have scaled off
the mould, or remain in the counterpart slab of stone,
so as to lay bare the shape of the brain mass.

In the Museum at Heidelberg a skull of this kind
is seen in the long-tailed genus of Pterodactyles
named Rhamphorhynchus. It shows the large
rounded cerebral hemispheres, which extend in
front of cerebral masses of smaller size a little
below them in position, which perhaps are as like
the brain of a monotreme mammal as a bird.

The short-tailed Pterodactylus described by Cuvier
has the cerebral hemispheres very similar to those
of a bird, but the relations of the hinder parts of
the brain to each other are less clear.

The first specimen to show the back of the brain
was found by Mr. John Francis Walker, M.A,, in the
Cambridge Greensand. I was able to remove the
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thick covering of cellular bone which originally
extended above it, and thus expose evidence that
in the mutual relations of the fore and hind parts
of the brain bird and ornithosaur were practically
identical. Another Cambridge Greensand skull
showed that in the genus Ornithocheirus the optic
lobes of the brain are developed laterally, as in birds.
That skull was isolated and imperfect. But about the
same time the late Rev. W. Fox, of Brixton, in the
Isle of Wight, obtained from Wealden beds another
skull, with jaws, teeth, and the principal bones of
the skeleton, which showed that the Wealden Ptero-
dactyle Ornithodesmus had a similar and bird-like
brain. In 1888 Mr. E. T. Newton, F.R.S,, obtained a
skull from the Upper Lias, uncrushed and free from
distortion. This made known the natural mould of
the brain, which shows the cerebral hemispheres, optic
lobes, and cerebellum more distinctly than in the speci-
mens previously known. In some respects it recalls
the Heidelberg brain of Rhamphorhynchus in the
apparently transverse subdivision of the optic lobes,
but it is unmistakably bird-like, and quite unlike any
reptile.

IMPORTANCE OF THE BRAIN AND BREATHING
ORGANS

So far as the evidence goes, it appears that these
fossil flying animals show no substantial differences
from birds, either in the mould of the brain or the
impress of the breathing organs upon the bones.
These approximations to birds of the nervous and
respiratory systems, which are beyond question two
of the most important of the vital organs of an
animal, and distinctive beyond all others of birds,
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place the naturalist in a singular dilemma, He must
elect whether he will trust his interpretation to the
soft organs, which among existing animals never vary
their type in the great classes of vertebrate animals,
and on which the animal is defined as something
distinct from its envelope the skeleton and its ap-
pendages the limbs, or whether he will ignore them.
The answer must choose substantially between belief
that the existing order of Nature gives warrant for
believing that these vital characteristics which have
been discussed might equally coexist with the skele-
ton of a mammal or a reptile, as with that of a bird,
for which there is no particle of evidence in existing
life. Or, as an alternative, the fact must be accepted
that birds only have such vital organs as are here
found, and therefore the skeleton, that may be asso-
ciated with them, cannot affect the reference of the
type to the same division of the animal kingdom as
birds. The decision need not be made without further
consideration. But brain and breathing organs of the
avian type are structures of a different order of
stability in most animals from the bones, which vary
to a remarkable extent in almost every ordinal group
of animals.

TEMPERATURE OF THE BLOOD

The organs of circulation and digestion are neces-
sarily unknown. There are reasons why the blood
may have been hot, such as the evidences from the
wings of exceptional activity ; though the tempera-
ture depends more upon the amount of blood in the
body than upon the apparatus by which it is dis-
tributed. We speak of a Crocodile as cold-blooded,
yet it is an animal with a four-chambered heart not
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incomparable with that of a bird. On the other hand,
the Tunny, a sort of giant Mackerel, is a fish with a
three-chambered heart, only breathing the air dis-
solved in water, which has blood as warm as a
mammal, its temperature being compared to that of
a pig. Several fishes have blood as warm as that of
Manis, the scaly ant-eater; and many birds have
hotter blood than mammals. The term “hot-blooded,”
as distinct from “cold-blooded,” applied to animals, is
relative to the arbitrary human standard-of experi-
ence, and expresses no more than the circumstance
that mammals and birds are warmer animals than
reptiles and fishes.

The exceptional temperature of the Flying Fish
has led to a vague impression that physical activity
and its effect upon the amount of blood which vigour
of movement circulates, are more important in raising
an animal’s temperature than possession of the circu-
latory organs commonly associated with hot blood,
which drive the blood in distinct courses through the
body and breathing organs. Yet the kind of heart
which is always associated with vital structures such
as Pterodactyles are inferred to have possessed from
the brain mould and the pneumatic foramina in the
bones, is the four-chambered heart of the bird and
the mammal. Considering these organs alone—of
which the fossil bones yield evidence—we might
anticipate, by the law of known association of struc-
tures, that nothing distinctly reptilian existed in the
other soft part of the vital organisation, because there
is no evidence in favour of or against such a possi-
bility.



CHAPTER VIII

THE PLAN.OF THE SKELETON

HILE these animals are incontestably nearer

to birds than to any other animals in their
plan of organisation, thus far no proof has been
found that they are birds, or can be included in
the same division of vertebrate life with feathered
animals. It is one of the oldest and soundest teach-
ings of Linnaus that a bird is known by its feathers;
and the record is a blank as to any covering to the
skin in Pterodactyles. There is the strongest prob-
ability against feathers having existed such as are
known in the Archaopteryx, because every Solen-
hofen Ornithosaur appears to have the body devoid
of visible or preservable covering, while the two birds
known from the Solenhofen Slate deposit are well
clothed with feathers in perfect preservation. We
turn from the skin to the skeleton.

The plan on which the skeleton is constructed
remains as evidence of the animal’s place in nature,
which is capable of affording demonstration on which
absolute reliance would have been placed, if the brain
and pneumatic foramina had remained undiscovered.
With the entire skeleton before us, it is inconceivable
that anatomical science should fail to discover the

58
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true nature of the animal to which it belonged, by
the method of comparing one animal with another.
There is no lack of this kind of evidence of Ptero-
dactyles in the three or four scores of skeletons, and
thousands of isolated or associated bones, preserved
in the public museums of Europe and America.

[ may recall the circumstance that the discovery of
skeletons of fossil animals has occasionally followed
upon the interpretation of a single fragment, from
which the animal has been well defined, and some-
times accurately drawn, before it was ever seen. So
I propose, before drawing any conclusions from the
skeletons in the entirety of their construction, to
examine them bone by bone, and region by region,
for evidence that will manifest the nature of this
brood of Dragons. Their living kindred, and perhaps
their extinct allies, assembled as a jury, may be able
to determine whether resemblances exist between
them, and whether such similarity between the bones
as exists is a common inheritance, or is a common
acquisition due to similar ways of life, and no evi-
dence of the grade of the organism among vertebrate
animals,

The bones of these Ornithosaurs, when found
isolated, first have to be separated from the organisms
with which they are associated and mixed in the
geological strata. This discrimination is accomplished
in the first instance by means of the texture of the
surface. The density and polish of the bones is
even more marked than in the bones of birds, and is
usually associated with a peculiar thinness of sub-
stance of the bone, which is comparable to the con-
dition in a bird, though usually a little stouter, so
that the bones resist crushing better. Pterodactyle
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bones in many instances are recognised by their
straightness and comparatively uniform dimensions,
due to the exceptional number of long bones which
enter into the structure of the wing as compared
with birds. When the bones are unerringly deter-
mined as Ornithosaurian, they are placed side by
side with all the bones which are most like them, till,
judged by the standard of the structures of living
animals, the fossil is found to show a composite con-
struction as though it were not one animal but many,
while its individual bones often show equally compo-
site characters, as though parts of the corresponding
bone in several animals had been cunningly fitted
together and moulded into shape.

THE PLAN OF THE HEAD IN ORNITHOSAURS

The head is always the most instructive part of an
animal. It 1s less than an inch long in the small
Solenhofen skeleton named Plerodactylus brevirvostris,
and is said to be three feet nine inches long in the
toothless Pterodactyle Ornithostoma from the Chalk
of Kansas. Most of these animals have a long,
slender, conical form of head, tapering to the point
like the beak of a Heron, forming a long triangle
when seen from above or from the side. Sometimes
the head is depressed in front, with the beak flattened
or rounded as in a Duck or Goose, and occasionally in
some Wealden and Greensand species the jaws are
truncated in front in a massive snout quite unlike
any bird. The back of the head is sometimes
rounded as among birds, showing a smooth pear-
shaped posterior convexity in the region of the brain.
Sometimes the back of the head is square and verti-
cal or oblique. Occasionally a great crest of cellular
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tissue is extended backward from above the brain
case over the spines of the neck bones.

There are always from two to four lateral openings
in the skull. First, the nostril is nearest to the ex-
tremity of the beak. Secondly, the orbits of the
eyes are placed far backward. These two openings
are always present. The nostril may incline upward.
The orbits of the eyes are usually lateral, though
their upper borders sometimes closely approximate,
as in the woodpecker-like types from the Solen-
hofen Slate named Prerodactylus Kocki, now separated
as another genus. In most genera there is an opening
in the side of the head, between the eye hole and the
nostril, known as the antorbital vacuity; and another
opening, which is variable in size and known as the
temporal vacuity, is placed behind the eye. The
former is common in the skulls of birds, the latter is
absent from all birds and found in many reptiles.

The palate is usually imperfectly seen, but English
and American specimens have shown that it has
much in common with the palate in birds, though it
varies greatly in form of the bones in representatives
from the Lias, Oolites, and Cretaceous rocks.

From the scientific aspect the relative size of the
head, its form, and the positions and dimensions of
its apertures and processes, are of little importance
in comparison with its plan of construction, as evi-
denced by the positions and relations to each other
of the bones of which it is formed. There usually is
some difficulty in stating the limits of the bones of
the skull, because in Pterodactyles, as among birds,
they usually blend together, so that in the adult

animal the sutures between the bones are commonly
obliterated.
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Bones have relations to each other and places in
the head which can only change as the organs with
which they are associated change their positions. No
matter what the position of a nostril may be—at the
extremity of a long snout, as in an ant-eater, or far
back at the top of the head in a porpoise, or at the
side of the head in a bird—it is always bordered by
substantially the same bones, which vary in length
and size with the changing place of the nostril and
the form of the head. Every region of the head is
defined by this method of construction ; so that eye
holes and nose holes, brain case and jaw bones,
palate and teeth, beak, and back of the skull are all
instructive to those who seek out the life-history of
these animals. We may briefly examine the head
of an Ornithosaurian,

BONES ABOUT THE NOSTRIL

No matter what its form may be, the head of an
Ornithosaur always terminates in front in a single
bone called the intermaxillary. It sends a bar of
bone backward above the visible nostrils, between
them ; and a bar on each side forms the margin of
the jaw in which teeth are implanted. The bone
varies in depth, length, sharpness, bluntness, slender-
ness, and massiveness. As the bone becomes long
the jaw is compressed from side to side, and the
openings of the nostrils are removed backward to
an increasing distance from the extremity of the
beak.

The outer and hinder border of the nostril is made
by another bone named the maxillary bone, which is
usually much shorter than the premaxillary. It
contains the hindermost teeth, which rarely differ
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from those in front, except in sometimes being
smaller.

The nasal bones, which always make the upper
and hinder border of the nostrils, meet each other
above them, in the middle line of the beak.

The nostrils are unusually large in the Lias genus
named Dimorphodon, and small in species of the
genus Rhamphorhynchus from Solenhofen, Such

Dacelo oipantea

Rhamphorhynchus

FIG. 20

Showing that the extremity of the jaws in Rhamphorhynchus was
sheathed in hom as in the giant Kingfisher, since the jaws
similarly gape in front.

The hyoid bones are below the lower jaw in the Pterodactyle.

differences result from the relative dimensions and
proportions of these three bones which margin the
nasal vacuity, and by varying growth of their front
margins or of their hinder margins govern the form
of the snout.

The jaws are most massive in the genera known from
the Wealden beds to the Chalk. The palatal surface is
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commonly flat or convex, and often marked by an
elevated median ridge which corresponds to a groove
in the lower jaw, though the median ridge sometimes
divides the palate into two parallel concave channels.
The jaw is margined with teeth which are rarely
fewer than ten or more than twenty on each side.
They are sharp, compressed from side to side, curved
inward, and never have a saw-like edge on the back
and front margins. No teeth occur upon the bones
of the palate.

In most birds there is a large vacuity in the side
of the head between the nostril and the orbit of the
eye, partly separated from it by the bone which
carries the duct for tears named the lachrymal bone,
The same preorbital vacuity is present in all long-
tailed Pterodactyles, though it is either less com-
pletely defined or absent in the group with short
tails., It affords excellent distinctive characters for
defining the genera. In the long-tailed genus
Scaphognathus from Solenhofen this preorbital open-
ing is much larger than the nostril, while in Dimor-
phodon these vacuities are of about equal size,
Rhamphorhynchus is distinguished by the small size
of the antorbital vacuity, which is placed lower than
the nostril on the side of the face. The aperture is
always imperfectly defined in Pterodactylus, and is
a relatively small vacuity compared with the long
nostril, In Ptenodracon the antorbital vacuity
appears to have no existence separate from the nostril
which adjoins the eye hole. And so far as is known at
present there is no lateral opening in advance of the
eye in the skull in any Ornithosaur from Cretaceous
rocks, though the toothless Ornithostoma is the only
genus with the skull complete. When a separate
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antorbital vacuity exists, it is bordered by the maxil-
lary bone in front, and by the malar bone behind.
The prefrontal bone is at its upper angle. That bone
is known in a separate state in reptiles and, I think, in
monotreme mammals. Its identity is soon lost in
the mammal, and its function in the skull 1s different
from the corresponding bone in Pterodactyles.

BONES ABOUT THE EYES

The third opening in the side of the head, counting
from before backward, is the orbit of the eye. In this

Heron Rhamphorhynchus

|
g Orbit of the eye
i

w V Nostril

FIG, 2I. UPPER SURFACE OF SKULL OF THE HERON
Compared with the same aspect of the skull of Rhamphorhynchus

vacuity is often seen the sclerotic circle of overlapping
bones formed in the external membrane of the eye,

like those in nocturnal birds and some reptiles. The
2
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eye hole varies in form from an inverted pear-shape
to an oblique or transverse oval, or a nearly circular
outline. 1t is margined by the frontal bone above ;
the tear bone or lachrymal, and the malar or cheek
bone in front; while the bones behind appear to be
the quadrato-jugal and post-frontal bones, though the
bones about the eye are somewhat differently ar-
ranged in different genera.

The eyes were frequently, if not always, in contact
with the anterior walls of the brain case, as in many
birds, and are always far back in the side of the head.
In Dimorphodon they are in front of the articulation
of the lower jaw; in Rhamphorhynchus, above that
articulation ; while in Ornithostoma they are behind
the articulation for the jaw. This change is governed
by the position of the quadrate bone, which is vertical
in the Lias genus, inclined obliquely forward in the
fossils from the Oolites, and so much inclined in the
Chalk fossil that the small orbit is thrown relatively
further back.

Thus far the chief difference in the Pterodactyle
skull from that of a bird is in the way in which the
malar arch is prolonged backward on each side. It is
a slender bar of bone in birds, without contributing
ascending processes to border vacuities in the side
of the face, while in these fossil animals the lateral
openings are partly separated by the ascending pro-
cesses of these bones. This divergence from birds,
in the malar bone entering the orbit of the eye
is approximated to among reptiles and mammals,
though the conditions, and perhaps the presence of a
bone like the post-orbital bone, are paralleled only
among Reptiles, The Pterodactyles differ among
themselves enough for the head to make a near
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approach to Reptiles in Dimorphodon, and to Birds
in Pterodactylus. In the Ground Hornbill and the
Shoebill the lachrymal bones in front of the orbits
of the eyes grow down to meet the malar bars with-
out uniting with them. The post-frontal region also
is prolonged downward almost as far as the malar
bar, as though to show that a bird might have its
orbital circle formed in the same way and by the
same bones as in Pterodactylus. Cretaceous Ornitho-
saurs sometimes differ from birds apparently in ad-
mitting the quadrato-jugal bone into the orbit. It
then becomes an expanded plate, instead of a slender
bar as in all birds.

THE TEMPORAL FOSSA

A fourth vacuity is known as the temporal fossa.
When the skull of such a mammal as a Rabbit, or
Sheep, is seen from above, there is a vacuity behind
the orbits for the eyes, which in life is occupied by
the muscles which work the lower jaw. It is made
by the malar bone extending from the back of the
orbit and the process of bone, called the zygomatic
process, extending forward from the articulation of
the jaw, which arches out to meet the malar bone,

In birds there is no conspicuous temporal fossa,
because the malar bar is a slender rod of bone in a
line with the lower end of the quadrate bone.

Reptile skulls have sometimes one temporal vacuity
on each side, as among tortoises, formed by a single
lateral bar. These vacuities, which correspond to
those of mammals in position, are seen from the top
of the head, as lateral vacuities behind the orbits
of the eyes, and are termed superior temporal vacui-
ties. In addition to these there is often in other
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reptiles a lateral opening behind the eye, termed
the inferior temporal vacuity, seen in Crocodiles, in
Hatteria, and in Lizards ; and in such skulls there are
two temporal bars seen in side view, distinguished as
superior and inferior. The superior arch always in-
cludes the squamosal bone, which is at the back
of the single bar in mammals. The lower arch
includes the malar bone, which is in front in the single
arch of mammals. The circumstance that both these
arches are connected with the quadrate bone makes
the double temporal arch eminently reptilian.

In Ornithosaurs the lateral temporal vacuity varies
from a typically reptilian condition to one which,
without becoming avian, approaches the bird type. In
skulls from the Lias, Dimorphodon and Campylogna-
thus, there is a close parallel to the living New
Zealand reptile Hatteria, in the vertical position
of the quadrate bone and in the large size of the
vacuity behind and below the eye, which extends
nearly the height of the skull. In the species of the
ogenus Pterodactylus, the forward inclination of the
quadrate bone recalls the Curlew, Snipe, and other
birds. The back of the head is rounded, and the
squamosal bone, which appears to enter into the
wall of the brain case as in birds and mammals,
is produced more outward than in birds, but less
than in mammals, so as to contribute a little to
the arch which is in the position of the post-frontal
hone of reptiles. It is triangular, and stretches from
the outer angle of the frontal bone at the back of the
orbit to the squamosal behind, where it also meets
the quadrate bone. Its third lower branch meets the
quadratojugal, which rests upon the front of the quad-
rate bone, as in Iguanodon, and is unlike Dimorphodon
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in its connexions. In that genus the supra-temporal
bone, or post-orbital bone, appears to rest upon the
post-frontal and connect it with the quadrato-jugal.
In Dimorphodon the malar bone is entirely removed
from the quadrate, but in Pterodactylus it meets its
articular end. Between the post-frontal bone above
and the quadrato-jugal bone below is a small lunate
opening, which represents the lateral temporal
vacuity ; and so far, this is a reptilian character.
But if the thin post-frontal bone were absorbed,
Pterodactylus would resemble birds. There is no
evidence that the quadrate bone is free in any
Ornithosaurs, as it is in all birds, while in Dimor-
phodon it unites by suture with the squamosal bone.
In Ornithostoma the lateral temporal vacuity is little
more than a slit between the quadrate bone below,
the quadrato-jugal in front, and what may be the
post-frontal bone behind (see Fig. 2, p. 12).

BONES ABOUT THE BRAIN

The bones containing the brain appear to be the
same as form the brain case in birds. The form of
the back of the skull varies in two ways. First it
may be flat above and flat at the back, when the
back of the head appears to be square. This condi-
tion is seen in all the long-tailed genera, such as
Campylognathus from the Lias and Rhamphorhyn-
chus, and is associated with a high position for the
upper temporal bar. Secondly, the back of the head
may be rounded convexly, both above and behind.
That condition is seen in the short-tailed genera,
such as Pterodactylus. But in the large Cretaceous
types, such as Ornithocheirus and Ornithostoma,
the superior longitudinal ridge which runs back in
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the middle line of the face becomes elevated and
compressed from side to side at the back of the head
as a narrow deep crest, prolonged backward over the
neck vertebr for some inches of length, All these
three types are paralleled more or less in birds which
have the back of the head square like the Heron, or
rounded like the Woodpecker; or crested, though the
crest of the Cormorant is not quite identical with
Ornithocheirus, being a distinct bone at the back of
the head in the bird which never blends with the
skull. In so far as the crest is reptilian it suggests
the remarkable crest of the Chameleon. In the
structure of the back of the skull the bones are a
modification of the reptilian type of Hatteria in
the Lias genus Campylognathus, but the reptilian
characters appear to be lost in the less perfectly
preserved skulls of Cretaceous genera.

The palate is well known in the chief groups of
Ornithosaurs, such as Campylognathus, Scapho-
gnathus, and Cycnorhamphus.

Mr. E. T. Newton, F.R.S.,, has shown that in the
English skull from the Lias of Whitby, the forms of
the bones are similar to the palate in birds and unlike
the conditions in reptiles. There is one feature, how-
ever, which may indicate a resemblance to Dicynodon
and other fossil reptiles from South Africa. A
slender bone extends from the base of the brain case,
named the basi-sphenoid bone, outward and forward
to the inner margin of the quadrate bone (Fig. 22).
A bone is found thus placed in those South African
Reptiles, which show many resemblances to the Mono-
treme and Marsupial Mammals. It is not an ordinary
element of the skeleton and is unknown in living
animals of any kind in that position., It has been
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thought possible that it may represent one of the
bones which among mammals are diminutive and
are included in the internal ear. The resemblance
may have some interest hereafter, as helping to show
that certain affinities of the Ornithosaurs may lie

Palate of the parrot  Restored palate of the Prerodactyle
Macrocercus ¥ Campylognathus

Quadrate

Intermaxillary

FIG. 22

outside the groups of existing reptiles. Instead of
being directed transversely outward, as in the palatal
region of Dicynodon lacerticeps, they diverge out-
ward and forward to the inner border of the articula-
tion for the lower jaw which is upon the quadrate
bone.

BONES OF THE PALATE

There is a pair of bones which extend forward
from these inner articular borders of the quadrate
bones, and converge in a long V-shape till they
merge in the hard palate formed by the bones of the
front of the beak, named intermaxillary and maxillary
bones. The limits of the bones of the palate are
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not distinct, but there can be no doubt that the front
of the V is the bone named vomer, that the palatine
bones are at its sides, and that its hinder parts are
the pterygoid bones as in birds. There is a long,
wide, four-sided, open space in the middle of the
palate, between the vomer and the basi-sphenoid
bone, unlike anything in birds or other animals.

Professor Marsh, in a figure of the palate in the
oreat skull of the toothless Pterodactyle named Orni-
thostoma (Pteranodon), from the Chalk of Kansas,
found a large oval vacuity in this region of the palate.
In that genus the pterygoid bones meet each other
between the quadrate bones as in Dicynodon (Fig. 73,
p. 182). Hence the great palatal vacuity here seen in
the Ornithosaur is paralleled by the small vacuity in
the South African reptile, which is sometimes distinct
and sometimes partly separated from the anterior
part of the vacuity which forms the openings of the
nostrils on the palate.

The Solenhofen skulls which give any evidence of
the palate are exposed in side view only, and the
bones, imperfectly seen through the lateral vacuities,
are displaced by crushing. They include long strips
like the vomerine bones in the Lias fossil, and they
diverge in the same way as they extend back to the
quadrate bones. The oblique division into vomer in
front and pterygoid bone behind is shown by Gold-
fuss in his original figure of Scaphognathus. Thus
there is some reason for believing that all Ornithosaurs
have the palate formed upon the same general plan,
which is on the whole peculiar to the group, especially
in not having the palatal openings of the nares
divided in the middle line. It would appear probable
that the short-tailed animals have the pterygoid bones
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meeting in the middle line and triangular; and that
they are slender rods entirely separate from each
other in the long-tailed genera.

THE TEETH

The teeth are all of pointed, elongated shape, with-
out distinction into the kinds seen in most mammals
and named incisors, canines, and grinders. They are
organs for grasping, like the teeth of the fish-eating
Crocodile of India, and are not unlike the simple teeth
of some Porpoises. They are often implanted in
oblique oval sockets with raised borders, usually at
some distance apart from each other, and have the
crown pointed, flattened more on the outer side than
on the inner side, usually directed forward and curved
inward. As in many extinct animals allied to exist-
ing reptiles, the teeth are reproduced by germs, which
originate on the inner side of the root and grow till
they gradually absorb the substance of the old tooth,
forming a new one in its place. Frequently in Solen-
hofen genera, like Scaphognathus and Pterodactylus,
the successional tooth is seen in the jaw on the hinder
border of the tooth in use. There is some variation
in the character of bluntness or sharpness of the
crowns in the different genera, and in their size.

The name Dimorphodon, given to the animal from
the Lias of Lyme Regis, expresses the fact that the
teeth are of two kinds. In the front of the jaw three or
four large long teeth are found in the intermaxillary
bone on each side, as in some Plesiosaurs, while the
teeth found further back in the maxillary bone are
smaller, and directed more vertically downward., This
difference is more marked in the lower jaw than in the
upper jaw. In Rhamphorhynchus the teeth are all
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relatively long and large, and directed obliquely
forward, but absent from the extremities of the beak,
as in the German genus from the Lias named Dory-
gnathus, in which the bone of the lower jaw (which
alone is known) terminates in a compressed spear.
In Scaphognathus the teeth are few, more vertical,
and do not extend backward so far as in Rhampho-
rhynchus, but are carried forward to the extremity of
the blunt, deep jaw.

In the short-tailed Pterodactyles the teeth are
smaller, shorter, wider at the base of the crown,
closer together, and do not extend so far backward
in the jaw. In Ornithocheirus two teeth always
project forward from the front of the jaw. Ornitho-
stoma is toothless.

SUPPOSED HORNY BEAK
Sometimes a horny covering has been suggested
for the beak, like that seen in birds or turtles, but no
such structure has been preserved, even in the Solen-
hofen Slate, in which such a structure would seem as
likely to be preserved as a wing membrane, though
there is one doubtful exception. There are marks of
fine blood vessels on some of the jaws, indicating a
tough covering to the bone. In Rhamphorhynchus
the jaws appear to gape towards their extremities as
though the interspace had originally been occupied

by organic substance like a horny beak.

LOWER JAW

The lower jaw varies in relative length with the
vertical or horizontal position of the quadrate bone in
the skull. In Dimorphodon the jaw is as long as the
skull ; but in the genera from the Oolitic rocks the
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mandible is somewhat shorter, and in Ornithostoma
the discrepancy reaches its maximum. The hinder
part of the jaw is never prolonged backward much
beyond the articulation, differing in this respect from
Crocodiles and Plesiosaurs.

The depth of the jaw varies. It is slender in
Pterodactylus, and is probably stronger relatively to
the skull in Scaphognathus than in any other form.
It fits between the teeth and bones of the alveolar
border in the skull, in all the genera. In Dimor-
phodon its hinder border is partly covered by the
descending edge of the malar process which these
animals develop in common with some Dinosaurs,
and some Anomodont reptiles, and many of the lower
mammals. In this hinder region the lower jaw is
sometimes perforated, in the same way as in Croco-
diles. That condition is observed in Dimorphodon,
but is not found in Pterodactylus. The lower jaw is
always composite, being formed by several bones, as
among reptiles and birds. The teeth are in the
dentary bone or bones, and these bones are almost
always blended as in most birds and Turtles, and not
separate from each other as among Crocodiles, Lizards,
and Serpents.

An interesting contour for the lower border of the
jaw is seen in Ornithostoma, as made known in
figures of American examples by Professors Marsh
and Williston. It deepens as it extends backwards
for two-thirds its length, stops at an angle, and then
the depth diminishes to the articulation with the
skull. This angle of the lower jaw is a characteristic
feature of the jaws of Mammals. It is seen in the
monotreme Echidna, and is characteristic of some
Theriodont Reptiles from South Africa, which in
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many ways resemble Mammals. The character is
not seen in the jaws of specimens from the Oolitic

Echidna m

3 }Euen from the
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Ornithostoma \/ side
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*Seen from above

Echidna

FIG, 23. COMPARISON OF THE LOWER JAW IN
ECHIDNA AND ORNITHOSTOMA

rocks, but is developed in the toothed Ornithocheirus
from the Cambridge Greensand, and is absent from
the jaws of existing reptiles and birds.

SUMMARY OF CHARACTERS OF THE HEAD

Taken as a whole, the head differs from other types
of animals in a blending of characters which at the
present day are found among Birds and Reptiles, with
some structures which occur in extinct groups of
animals with similar affinities, and perhaps a slight
indication of features common to the lowest mammals.
It is chiefly upon the head that the diverse views of
earlier writers have been based. Cuvier was im-
pressed with the reptilian aspect of the teeth; but in
later times discoveries were made of Birds with teeth
—Archxopteryx, Ichthyornis, Hesperornis. The teeth
are quite reptilian, being not unlike miniature teeth
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of Mosasaurus. If those birds had been found prior
to the discovery of Pterodactyles, the teeth might
have been regarded as a link with the more ancient
birds, rather than a crucial difference between birds
and reptiles.

All the specimens show a lateral temporal hole in
the benes behind the eye, and this is found in no
bird or mammal, and is typical of such reptiles as
Hatteria. The quadrate bone may not be so decisive
as Cuvier thought it to be, for its form is not unlike
the quadrate of a bird, and different, so far as I have
seen, from that of living reptiles. This region of the
head is reptilian, and if it occurred in a bird the cha-
racter would be as astonishing as was the discovery of
teeth in extinct birds. These characters of the head
are also found in fossil animals named Dinosaurs, in
association with many resemblances to birds in their
bones.

The palate might conceivably be derived from
that of Hatteria by enlarging the small opening in
the middle line in that reptile till it extended forward
between the vomera ; but it is more easily compared
with a bird, which the animal resembles in its beak,
and in the position of the nares. Excepting certain
Lizards, all true existing Reptiles have the nostrils
far forward and bordered by two premaxillary bones
instead of one intermaxillary, as in Birds and Or-
nithosaurs. If nothing were known of the animal but

its head bones, it would be placed between Reptiles
and Birds,
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THE BACKBONE, OR "VERTEEEAL
COLUMN

HE backbone is a more deep-seated part of the

skeleton than the head. It is more protected
by its position, and has less varied functions to per-
form. Therefore it varies less in distinctive character
within the limits of each of the classes of vertebrate
animals than either the head or limbs. It is divided
into neck bones, the cervical vertebra ; back bones,
the dorsal vertebra ; loin bones, the lumbar vertebreae ;
the sacrum, or sacral vertebra, which support the
hind limbs ; and the tail. Of these parts the tail is
the least important, though it reaches a length in
existing reptiles which sometimes exceeds the whole
of the remainder of the body, and includes hundreds
of vertebrae. It attains its maximum among serpents
and lizards. In frogs it is practically absent. In
some of the higher mammals it is a rudiment, which
does not extend beyond the soft parts of the body.

THE NECK

The neck is more liable to vary than the back, with
the habit of life of the animal. And although
mammals almost always preserve the same number

78
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of seven bones in the neck, the bones vary in length
between the short condition of the porpoise, in
which the neck is almost lost, and the long bones
which form the neck of the Llama, though even these
may be exceeded by some fossil reptiles like Tany-
strophceus.  In many mammals the neck bones do
not differ in length or size from those of the back.
In others, like the Horse and Ox, they are much
broader and larger.

There is the same sort of variation in the bones of
the neck among birds, some being slender like the
Heron, others broad like the Swan. But there is also
a singular variation in number of vertebral bones
in a bird’s neck. At fewest there are nine, which
equals the exceptionally large number found among
mammals in the neck of one of the Sloths. Usually
birds have ten to fifteen cervical vertebra, and in the
Swan there are twenty-three. Most of the neck bones
of birds are relatively long, and the length of the neck
is often greater than the remainder of the vertebral
column,

Reptiles usually have short necks. The common
Turtle has eight bones in the neck, ten in the back.
The two regions are sharply defined by the dorsal
shield. Their articular ends are sometimes cupped in
front, in the neck, sometimes cupped behind, or con-
vex at both ends, or even flattened, or the articulation
may be made exceptionally by the neural arch alone.
Nine is the largest number of neck bones in existing
Lizards, and there are usually nine in Crocodiles; so
that reptiles closely approach mammals in number of
the neck bones, It is remarkable that the maximum
number in a mammal and in living reptiles should
coincide with the minimum number in birds. There-



8o DRAGONSS OFESTRHIE ST

fore the number of cervical vertebra as an attribute
of Mammal, Bird, or Reptile, can only be important
from its constancy.

German naturalists affirm on clear evidence that
the Solenhofen Pterodactyles have seven cervical ver-
tebree. In many specimens there can be no doubt
about the number, because the neck bones are easily
distinguished from those of the back by their size;
but the number is not always easy to count.

As in Birds, the first vertebra, or atlas, in Pterodac-
tyles is extremely short, and is generally—if not
always—blended with the much longer second ver-
tebra, named the axis. The front of the atlas forms
a small rounded cup to articulate with the rounded
ball of the basioccipital bone at the back of the skull.
The third and fourth vertebrae are longer, but the
length visibly shortens in the sixth and seventh.

Sometimes the vertebra are slender and devoid of
strong spinous processes. This is the condition in
the little Pterodactylus longirostris and in the com-
paratively large Cyecnorhamplus Fraasiz, in which
there is a slight median ridge along the upper surface
of the arch of the vertebra. This condition is paral-
leled in birds with long necks, especially wading
birds such as the Heron. Other Ornithosaurs, such
as Ornithocheirus from the Cretaceous rocks, have the
neck much more massive. The vertebra are flattened
on the under side. The arch above the nervous
matter of the spinal cord has a more or less con-
siderable transverse expansion, and may even be as
wide as long. These vertebre have proportions and
form such as may be seen in Vultures or in the
Swan, In either case the form of the neck bones
is more or less bird-like, and the neural spine may



THE BACKBONE 81

be elevated, especially in Pterodactyles with long
tails.

One of the most distinctive features of the neck
bones of a bird is the way in which the cervical ribs
are blended with the vertebrae. They are small, and
each is often prolonged in a needle-like rod at the
side of the neck bone,

In Ornithocheirus the cervical rib similarly blends
with the vertebra by two articulations, as in mam-
mals, so that it might escape notice but for the
channel of a blood vessel which is thus inclosed.
In several of the older Pterodactyles from Solen-
hofen the ribs of the neck vertebre remain sepa-
rated, as in a Crocodile, though still bird-like in their
form, anterior position, and mode of attachment. In
Terrapins and Tortoises the long neck vertebra have
no cervical ribs.

The articular surfaces between the bodies of the
vertebrae, in the neck, are transversely oval. The middle

Front Back Left side

FIG. 24

UNITED ATLAS AND AXIS OF ORNITHOCHEIRUS
(Cambridge Greensand)

part of this articular joint is made by the body of
the vertebra; its outer parts are in the neural arch.
In front this surface is a hollow channel, often more
depressed than in any other animals., The corre-

sponding surface behind is convex, with a process on
G
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each side at its lower outer angles (Fig. 25). It is a
modification of the cup-and-ball form of vertebral
articulation, which at the present day is eminently
reptilian. Serpents and Crocodiles have the articu-
lations similarly vertical, but in both the form of the
articulation is a circle. In Lizards the articular cup is
usually rather wider than deep, when the cup and
ball are developed in the vertebra; it differs from
the vertical condition in pterodactyles in being oblique
and much narrower from side to side, Only among
Crocodiles and Hatteria is there a double articulation
for the cervical rib, though in neither order have rib
or vertebra in the neck the bird - like proportions
which are usual in these animals. Pterodactyles show
no resemblance to birds in this vertebral articulation,
A Bird has the corresponding surface concave from
side to side in front, but it is also convex from above
downward, producing what is known as the saddle-
shaped form which is peculiarly avian, being found
in existing birds except in part of the back in Pen-
ouins, It is faintly approximated to in one or two
neck vertebrae in man. Professor Williston remarks
that in the toothless Pterodactyles of Kansas the
hinder ball of the vertebral articulation is continued
downward and outward as a concave articulation
upon the processes at its outer corners. There are
no mammals with a cup-and-ball articulation between
the vertebrae, so that for what it is worth the char-
acter now described in Ornithosaurs is reptilian, when
judged by comparison with existing animals.

Low down on each side of the vertebra, at the
junction of its body with the neural arch, is a large
ovate foramen, transversely elongated, and often a
little impressed at the border, which is the entrance
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of the air cell into the bone. These foramina are
often one-third of the length of the neck vertebrae
in specimens from the Cambridge Greensand, where
the neck bones vary from three-quarters of an inch
to about two and a half inches in length, and in
extreme forms are as wide as long. The width of
the interspace between the foramina is one-half the
width of the vertebra, though this character varies
with different genera and species. Several species

Front

Seen from above

Back

FIG., 25. CERVICAL VERTEBRA OF ORNITHOCHEIRUS
From the Cambridge Greensand

from the Solenhofen Slate have the neck long and
slender, on the type of the Flamingo. In others the
neck is thick and short—in the Secaplognathus crassi-
rostris and Plerodactylus spectabilis. Some genera
with slender necks have the bones preserved with a
curved contour, such as might suggest a neck carried
like that of a Llama or a Camel. The neck is occa-
sionally preserved in a curve like a capital S, as
though about to be darted forward like that of a
bird in the act of striking its prey. The genera of
Pterodactyles with short necks may have had as great
mobility of neck as is found among birds named
Ducks and Divers; but those Pterodactyles with
stout necks, such as Dimorphodon and Ornitho-
cheirus, in which the vertebra are large, appear to
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have been built more for strength than activity, and
the neck bones have been chiefly concerned in the
muscular effort to use the fighting power of the jaws
in the best way.

THE BACK

The region of the back in a Pterodactyle is short
as compared with the neck, and relatively is never
longer than the corresponding region in a bird. The
shortness results partly from the short length of the
vertebra, each of which is about as long as wide.
There is also a moderate number of bones in the
back. In most skeletons from Solenhofen these
vertebr& between the neck and girdle- of hip bones
number from twelve to sixteen. They have a general
resemblance in form to the dorsal vertebra in birds,
The greatest number of such vertebrae in birds is
eleven. The number is small because some of the
later vertebra in birds are overlapped by the bones
of the hip girdle, which extend forward and cover
them at the sides, so that they become blended with
the sacrum. This region of the skeleton in the
Dimorphodon from the Lias is remarkable for the
length of the median process, named the neural
spine, which is prolonged upward like the spines of
the early dorsal vertebrae of Horses, Deer, and other
mammals. In this character they differ from living
reptiles, and parallel some Dinosaurs from the Weald.
The bones of the back in Ornithocheirus from the
Cambridge Greensand show the under side to be well
rounded, so that the articular surfaces between the
vertebre, though still rather wider than deep, are
much less depressed than in the region of the neck.
The neural canal for the spinal cord has become
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larger and higher, and the sides of the bone are
somewhat compressed. Strong transverse processes
for the support of the ribs are elevated above the
level of the neural canal, at the sides of vertebra
compressed on the under sides, and directed out-
ward. Between these lateral horizontal platforms
is the compressed median neural spine, which varies
in vertical height. The articulation of the ribs is not
seen clearly. Isolated ribs from the Stonesfield Slate
have double-headed dorsal ribs, like those of birds.
In some specimens from the Solenhofen Slate like
the Scaphognathus, in the University Museum at
Bonn, dorsal ribs appear to be attached by a notch
in the transverse process of the dorsal vertebra, which
resembles the condition in Crocodiles. Variations in
the mode of attachment of ribs among mammals
may show that character to be of subordinate im-
portance. Von Meyer has described the first pair
of ribs as frequently larger than the others, and
there appear in Rhamphorhynchus to be examples
preserved of the sternal ribs, which connect the
dorsal ribs with the sternum. Six pairs have been
counted. A more interesting feature in the ribs
consists in the presence behind the sternum, which
is shorter than the corresponding bone in most birds,
of median sternal ribs. They are slender V-shaped
bones in the middle line of the abdomen, which
overlapped the ends of the dorsal ribs like the
similar sternal bones of reptiles. Such structures
are unknown among Birds and Mammals. There is
no trace in the dorsal ribs of the claw-like process,
which extends laterally from rib to rib as a marked
feature in many birds. Its presence or absence may
not be important, because it is represented by fibro-
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cartilage in the ribs of crocodiles, and may be a small
cartilage near the head of the rib in serpents, and is
only ossified in some ribs of the New Zealand reptile

FIG, 26

The upper figures show the side and back of a dorsal vertebra of
Ornithocheirus compared with corresponding views of the
side and back of a dorsal vertebra of a Crocodile

Hatteria. So that it might have been present in a
fossil animal without being ossified and preserved.
Although the structure is associated with birds, it
is possibly also represented by the great bony plates
which cover the ribs in Chelonians, and combine to
form the shield which covers the turtle’s back. The
structure is as characteristic of reptiles as of birds,
but is not necessarily associated with either.

There are two remarkable modifications of the
early dorsal vertebra in some of the Cretaceous
Pterodactyles. First, in the genus Ornithodesmus
from the Weald the early dorsal vertebra are blended
together into a continuous mass, like that which is
found in the corresponding region of the living
Frigate-bird, only more consolidated, and similar to
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that consolidated structure found behind the dorsal
vertebrae, known as the sacrum, made by the blending
of the vertebra into a solid mass which supports
the hip bones. Secondly, in some of the Cretaceous
cenera of Pterodactyles of Europe and America the
vertebrae in the front part of the back are similarly
blended, but their union is less complete; and in
genera Ornithocheirus and Ornithostoma—the former
chiefly English, the latter chiefly American—the
sides of the neural spines are flattened to form an
oval articular surface on each side, which gives
attachment to the flattened ends of their shoulder-
blade bones named the scapula. This condition is
found in no other animals. Three vertebra appear
to have their neural arches thus united together.
The structure so formed may be named the notarium
to distinguish it from the sacrum.

SACRUM

[For some mysterious reason the part of the back-
bone which lies between the bones of the hips and
supports them is termed the sacrum. Among living
reptiles the number of vertebra in this region is
usually two, as in lizards and crocodiles. There are
other groups of fossil reptiles in which the number
of sacral vertebra is in some cases less and in other
cases more. There is, perhaps, no group in which the
sacrum makes a nearer approach to that of birds
than is found among these Pterodactyles, although
there are more sacral vertebra in some Dinosaurs.
In birds the sacral vertebrze number from five to
twenty-two. In bats the number is from five to six.
In some Solenhofen species, such as Pterodactylus
dubius and P. Kocki and P. grandipelvis, the number
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is usually five or six. The vertebre are completely
blended. The pneumatic foramina in the sacrum, so
far as they have been observed, are on the under
sides of the transverse processes;

while in the corresponding no-

tarial structure in the shoulder

- girdle the foramina are in front

/ L of the transverse processes. Al-
most any placental mammal in

which the vertebra of the sacral
region are anchylosed together
has a similar sacrum, which

\ ‘ differs from that of birds in the
more complete individuality of

the constituent bones remaining
¥1c. 27. sacrum or evident. The transverse pro-

RHAMPHORHYNCHUS  cesses in front of the sacrum are

Showing the complete blend- . o .
ing of the vertebr and ribsas  Wider than in its hinder part; so
iac bones, prodaced eniey that the pelvic bones which are
i ont of the acetabulum for  attached to it converge as they
extend backward, as among
mammals. The bodies of the vertebra forming the
sacrum are similar in length to those of the back.
Fach transverse process is given off opposite the
body of its own vertebra, but from a lower lateral
position than in the region of the back, in which the
vertebre are free.

The hip bones are closely united with the sacrum
by bony union, and rarely appear to come away from
the sacral vertebra, as among mammals and reptiles,
though this happens with the Lias Pterodactyles. In
the Stonesfield Slate and Solenhofen Slate the slender
transverse processes from the vertebra blend with the
ilium of the hip girdle, and form a series of trans-

Lo
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verse foramina on each side of the bodies of the verte-
braz. In the Cambridge Greensand genera the part
of the ilium above the acetabulum for the articular
head of the femur appears to be always broken away,
so that the relation of the sacrum to the pelvis has
not been observed. This character is no mark of
affinity, but only shows that ossification obliterated
sutures among these animals in the same way as
among birds.

The great difference between the sacrum of a
Pterodactyle and that of a bird has been rendered
intelligible by the excellent discussion of the sacral
region in birds made by Professor Huxley. He
showed that it is only the middle part of the sacrum
of a chicken which corresponds to the true sacrum of
a reptile, and comprises the five shortest of the verte-
bra ; while the four in front correspond to those of
the lower part of the back, which either bear no ribs
or very short ribs, and are known as the lumbar
region in mammals, so that the lower part of the
back becomes blended with the sacrum, and thus
reduces the number of dorsal vertebrae, Similarly
the five vertebrae which follow the true sacral verte-
brae are originally part of the tail, and have been
blended with the other vertebra in front, in conse-
quence of the extension along them of the bird’s
hip bones. This interpretation helps to account for
the great length of the sacrum in many birds, and
also explains in part the singular shortness of the
tail in existing birds. The Ornithosaur sacrum has
neither the lumbar nor the caudal portions of the
sacrum of a bird.
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THE TAIL

The tail is perhaps the least important part of the
skeleton, since it varies in character and length in
different genera. The short tails seen in typical
pterodactyles include as few as ten vertebrae in
Ptevodactylus grandipelvis and P, Kocki, and as many
as fifteen vertebrae in Plerodactylus longirostris. The
tails are more like those of mammals than existing
birds, in which there are usually from six to ten
vertebra terminating in the ploughshare bone. But
just as some fossil birds, like the Archaopteryx, have
about twenty long and slender vertebra in the tail,
so in the pterodactyle Rhamphorhynchus this region
becomes greatly extended, and includes from thirty-
eicht to forty vertebre. In Dimorphodon the tail
vertebrae are slightly fewer. The earliest are very
short, and then they become elongated to two or
three times the length of the early tail vertebrae, and
finally shorten again towards the extremity of the
tail, where the bones are very slender. In all long-
tailed Ornithosaurians the vertebra are supported
and bordered by slender ossified ligaments, which
extend like threads down the tail, just as they do
in Rats and many other mammals and in some
lizards.

Professor Marsh was able to show that the ex-
tremity of the tail in Rhamphorhynchus sometimes
expands into a strong terminal caudal membrane of
four-sided somewhat rhomboidal shape. He regards
this membrane as having been placed vertically. It
is supported by delicate processes which represent
the neural spines of the vertebra prolonged upward.
They are about fifteen in number. A corresponding
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series of spines on the lower border, termed chevron
bones, equally long, were given off from the junctions
of the vertebre on their under sides, and produced
downward. This vertical appendage is of some
interest because its expansion is like the tail of a
fish. It suggests the possibility of having been used
in a similar way to the caudal fin as an organ for
locomotion in water, though it is possible that it may
have also formed an organ used in flight for steering
in the air.

The tail vertebrae from the Cambridge Greensand
are mostly found isolated or with not more than four

FIG. 28, EXTREMITY OF THE TAIL OF
RHEAMPHORHYNCHUS PHYLLURUS (MARSH)

Showing the processes on the upper and under sides of the vertebra:
which make the terminal leaf-like expansion

joints in association. They are very like the slender
type of neck vertebra seen in long-necked ptero-
dactyles, but are depressed, and though somewhat
wider are not unlike the tail vertebra of the Rham-
phorhynchus. The pneumatic foramen in them is a
mere puncture. They have no transverse processes
or neural spines, nor indications of ribs, or chevron
bones.

The hindermost specimens of tail vertebra observed
have the neural arch preserved to the end, as among
reptiles ; whereas in mammals this arch becomes
lost towards the end of the tail. The processes
by which the vertebrae are yoked together are
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small. There is nothing to suggest that the tail was
long, except the circumstance that the slender caudal
vertebre are almost as long as the stout cervical
vertebre in the same animal. No small caudal
vertebre have ever been found in the Cambridge
Greensand. The tail is very short, according to
Professor Williston, in the toothless Ornithostoma
in the Chalk of Kansas.



CHAPIER X

THE HIP-GIRDLE AND HIND
LIMB

HE bones of the hip-girdle form a basin which

incloses and protects the abdominal vital organs,
It consists on each side of a composite bone, the
unnamed bones—ossa innominata of the older anato-
mists—which are each attached to the sacrum on
their inner side, and on the outer side give attach-
ment to the hind limbs. As a rule three bones enter
into the borders of this cup, termed the acetabulum, in
which the head of the thigh bone, named the Femur,
moves with a more or less rotary motion.

There are a few exceptions in this division of the
cup between three bones, chiefly among Salamanders
and certain Frogs. In Crocodiles the bone below the
acetabular cup is not divided into two parts. And
in certain Plesiosaurs from the Oxford Clay—Murzno-
saurus—the actual articulation appears to be made
by two bones—the ilium and ischium. The three
bones which form each side of the pelvis are known
as the ilium, or hip bone, sometimes termed the aitch
bone ; secondly, the ischium, or sitz bone, being the
bone by which the body is supported in a sitting
position ; and thirdly the pubis, which is the bone in

93
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front of the acetabulum. The pubic bones meet in
the middle line of the body on the under side of the
pelvis in man, and on each side are partly separated
from the ischia by a foramen, spoken of as the
obturator foramen, which in Pterodactyles is minute
and almost invisible, when it exists.

There is often a fourth bony element in the pelvis.
In some Salamanders a single cartilage is directed
forward, and forked in front. According to Professor
Huxley something of this kind is seen in the Dog.
The pair of bones which extend forward in front
of the pelvis in Crocodiles may be of the same kind,
in which case they should be called prepubic bones.
But among the lower mammals named marsupials
a pouch is developed for the protection of the young
and supported by two slender bones attached to the
pubes, and these bones have long been known as
marsupial bones. In a still lower group of mammalia
named monotremata, which lay eggs, and in many
ways approximate to reptiles and birds, stronger
bones are developed on the front edge of the pubes,
and termed prepubic bones. They do not support a
marsupium.

Naturalists have been uncertain as to the number
of bones in the pelvis of Pterodactyles, because the
bones blend together early in life, as in birds. Some
follow the Amphibian nomenclature, and unite the
ischium and pubis into one bone, which is then
termed ischium, when the prepubis is termed the
pubis, and regarded as removed from the acetabulum.
There is no ground for this interpretation, for the
sutures are clear between the three pelvic bones in
the acetabulum in some specimens, like Cyenorham-
phus Fraasii, from Solenhofen, and some examples
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of Ornithocheirus from the Cambridge Greensand.
Pterodactyles all have prepubic bones, which are
only known in Ornithorhynchus and Echidna among
mammals, and are absent from the higher mammals
and birds. They are unknown in any other existing
animals, unless present in Crocodiles, in which ischium
and pubis are always undivided. Therefore it is
interesting to examine the characters of the Ornitho-
saurian pelvis.

The acetabulum for the head of the femur is im-
perforate, being a simple oval basin, as in Chelonian
reptiles and the higher Mammals. It never shows
the mark of the lisamentous attachment to the head
of the femur, which is seen in Mammals. In Birds
the acetabulum is perforated, as in many of the fossils
named Dinosaurs, and in Monotremata.

Secondly, the ilium is elongated, and extends quite
as much in front of the acetabulum as behind it,

Apteryx Rhamphorhynchus

FIG. 29, COMPARISON OF THE LEFT SIDE OF THE
FELVIS IN A BIRD AND A PTERODACTYLE

The bone is not very deep in this front process.
Among existing animals this relation of the bone is
nearer to birds than to any other type, since birds
alone have the ilium extended from the acetabulum
in both directions. The form of the Pterodactyle
ilium is usually that of the embryo bird, and its
slender processes compare in relative length better
with those of the unhatched fowl and Apteryx of
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New Zealand than with the plate-like form in adult
birds.

In mammals the ilium is directed forward, and
even in the Cape ant-eater Orycteropus there is only
an Inappreciable production of the bone backward
behind the acetabulum. Among reptiles the general
position of the acetabulum is at the forward termina-
tion of the ilium, though the Crocodile has some
extension of the bone in both directions, without
forming distinct anterior and posterior processes.
This anterior and posterior extension of the ilium
is seen in the Theriodont reptiles of Russia and of
South Africa, as well as in Dinosaurs.

Thirdly, in all pterodactyles the ischium and pubis
are more or less completely blended into a sheet of

T8
FIG. 30. LEFT PELVIC BONES WITH PREPURBIC BONE IN
PTERODACTYLUS LONGIROSTERIS

bone, unbroken by perforation, though there is usually
a minute vascular foramen ; or the lower border may
be notched between the ischium and the pubis, as
in some of the Solenhofen species, and the pubis
does not reach the median line of the body. But
in Dimorphodon the pelvic sheet of bone is unbroken
by any notch or perforation. The notch between
the ischium and pubis is well marked in Plerodactylus
longirostris,and better marked in Plerodactylus dubius,
Cycnovhamphus Fraasiz,and Rhamphorhynchus, The
fossil animals which appear to come nearest to the
Pterodactyles in the structure of the pelvis are
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Theriodonts from the Permian rocks of Russia. The
type known as Rhopalodon has the ilium less pro-
longed front and back, and is much deeper than in any
Pterodactyle ; but the acetabulum is imperforate, and
the ischium and pubis are not always completely
separated from each other by suture. In the pelvis
referred to the Theriodont Deuterosaurus there is
some approximation to the pelvis of Rhampho-
rhynchus and of Pterodactylus dubius in the depth
of the division between the pubis and ischium,
There are three modifications of the Ornitho-
saurtan pelvis, First, the type of Rhamphorhynchus,
in which the pubis and ischium are inclined some-

ﬂ
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FIG. 31

PELVIS AND PREPUEBIC RONES OF RHAMPHORHYNCHUS

On the lefi-hand side the two prepubic bones are separate. On
the right-hand they are united into a transverse bar which
overlaps the front of pelvis seen from the under side

what backward, and in which the two prepubic bones
are triangular, and are often united together to form
a transverse bow in front of the pubic region,

Secondly, there is the ordinary form of pelvis in
which the pubis and ischium usually unite with each
other down their length, as in Dimorphodon, but
sometimes, as in Plerodactylus dubius, divide im-
mediately below the acetabulum. All these types
possess the paddle-shaped prepubic bones, which are
never united in the median line.

Thirdly, there is the cretaceous form indicated by
H
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Ornithocheirus and Ornithostoma, in which the
posterior half of the ilium is modified in a singular
way, since it is more elevated towards the sacrum
than the anterior half, suggesting the contour of the
upper border of the ilium in a lizard. Without being
reptilian — the anterior prolongation of the bone
malkes that impossible—it suggests the lizards. This
type also possesses prepubic bones. They appear,
according to [I’rofessor Williston, to be more like
the paddle-shaped bones of Pterodactylus than like
the angular bones in Rhamphorhynchus. The pre-
pubic bones are united in the median line as in

L Prepubic bones

F1G. 32, THE PELVIC BONES OF AN ALLIGATOR
SEEN FROM BELOW

The bones in front are here regarded as prepubic, but are commonly
named pubic

Rhamphorhynchus. But their median union in that
oenus favours the conclusion that the bones were
united in the median line in all species, though they
are only co-ossified in these two families.

This median union of the prepubic bones is a
difference from those mammals like the Ornitho-
rhynchus and Echidna, which approach nearest to
the Reptilia. In them the prepubic bones have a long
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attachment to the front margin of the pubis, and
extend their points forward without any tendency
for the anterior extremities to approximate or unite.
The marsupial mammals have the same character,
keeping the marsupial bones completely distinct
from each other at their free extremities. The
only existing animals in which an approximation
is found to the prepubic bones in Pterodactyles
are Crocodiles, in bones which most writers term the
pubic bones. This resemblance, without showing
any strong affinity with the Crocodilia, indicates
that Crocodiles have more in common with the
fossil flying animals than any other group of existing
reptiles ; for other reptiles all want prepubic bones,
or bones in front of the pubic region.

THE HIND LIMB

The hind limb is exceptionally long in proportion
to the back. This is conspicuous in the skeletons of
the short-tailed Pterodactyles, and is also seen in
Dimorphodon. In Rhamphorhynchus the hind limb
is relatively much shorter, so that the animal, when
on all fours, may have had an appearance not unlike
a Bat in similar position. The limb is exception-
ally short in the little Ptenodracon brevirostris. The
bones of the hind limb are exceptionally interesting.
One remarkable feature common to all the specimens
is the great elongation of the shin bones relatively to
the thigh bones. The femur is sometimes little more
than half the length of the tibia, and always shorter
than that bone. The proportions are those of
mammals and birds. Some mammals have the leg
shorter than the thigh, but mammals and birds
alone, among existing animals, have the proportions
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which characterise Pterodactyles. The foot appears
to have been applied to the ground not always as in
a bird, but more often in the manner of reptiles, or
mammals in which the digits terminate in claws,

THE FEMUR

The thigh bone, on account of the small size of
many of the specimens, is not always quite clear
evidence as an indication of technical resemblance to
other animals. The bone is always a little curved,
has always a rounded, articular head, and rounded
distal condyles. Its most remarkable features are

FIG. 33+ THE FEMUR

On the right is a front view of femur of a bear. In the middle are front and
side views of the femur of Ornithocheirus, On the left 1s the femur
of Echidna. These comparisons illustrate the mammalian
characters of the Pterodactyle thigh bone

shown in the large, well-preserved specimens from
the Cambridge Greensand. The rounded, articular
head is associated with a constricted neck to the
bone, followed by a comparatively straight shaft with
distal condyles, less thickened than in mammals. No
bird is known, much less any reptile, with a femur
like Ornithocheirus. Only among Mammals is a
similar bone known with a distinct neck; and only
a few mammals have the exceptional characters of
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the rounded head and constricted neck at all
similar to the Cretaceous Pterodactyles. A few
types, such as the higher apes, the Hyrax, and
animals especially active in the hind limb, have a
femur at all resembling the Pterodactyle in the pit
for the obturator externus muscle, behind the tro-
chanter major, such as is seen in a small femur from
Ashwell. The femur varies in different genera, so as
to suggest a number of mammalia rather than any
particular animal for comparison. These approxi-
mations may be consequences of the ways in which
the bones are used. When functional modifications
of the skeleton are developed, so as to produce
similar forms of bones, the muscles to which they
give attachment, which act upon the bones, and
determine their growth, are substantially the same.
In the Pterodactylus longirostris the femur corre-
sponds in length to about eleven dorsal vertebre.
The end next the shin bone is less expanded than
is usual among Mammals, and rather suggests an
approach to the condition in Crocodiles, in the mode-
rate thickness and breadth of the articular end, and
the slight development of the terminal pulley-joint.
One striking feature of the femur is the circumstance
that the articular head, as compared with the distal
end, is directed forward and very slightly inward and
upward. So that allowing for the outward divergence
of the pelvic bones, as they extend forward, there
must have been a tendency to a knock-kneed ap-
proximation of the lower ends of the thigh bones,
as in Mammals and Birds, rather than the outward
divergence seen in Reptiles.

Apparently the swing of the leg and foot, as it
hung on the distal end of the femur, must have
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tended rather to an inward than to an outward
direction, so that the feet might be put down upon
the same straight line; this arrangement suggests
rapid movement.

TIBIA AND FIBULA

In Pterodactylus longirestris the tibia is slender,
more than a fifth longer than the femur. A crest is
never developed at the proximal end, like that seen

Tibia Tibia

(f\'?* %) Fibula
|

Fibula

ﬂ |

| -Ih_ ,_\ Sarcorhamphus
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FIG. 34. COMPARISON OF THE TIBIA AND FIBULA
IN ORNITHOSAUER AND VULTURE

Dimorphodon

in the Guillemot and Diver and other water birds.
The bone is of comparatively uniform thickness down
the shaft in most of the Solenhofen specimens, as in
most birds. At the distal end the shin bone com-
monly has a rounded, articular termination, like that
seen in birds. This is conspicuous in the Plerodac-
tylus grandis. In other specimens the tarsal bones,
which form this pulley, remain distinct from the tibia;
and the upper row of these bones appears to consist
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of two bones, like those which in many Dinosaurs
combine to form the pulley-like end of the tibia
which represents the bird's drum-stick bone. They
correspond with the ankle bones in man named
astragalus and os calcis.

Complete English specimens of tibia and fibula are
found in the genus Dimorphodon from the Lias, in
which the terminal pulley of the distal end has some
expansion, and is placed forward towards the front of
the tibia, as in some birds. The rounded surface of
the pulley is rather better marked than in birds.
The proximal end of the shaft is relatively stout, and
is modified by the well-developed fibula, which is a
short external splint bone limited to the upper half
of the tibia, as in birds; but contributing with it to
form the articular surface for the support of the
lower end of the femur, taking a larger share in that
work than in birds. Frequently there is no trace of
the fibula visible .in Solenhofen specimens as pre-
served ; or it is extremely slender and bird-like, as in
Pterodactylus longirostiris. In Rhamphorhynchus it
appears to extend the entire length of the tibia, as in
Dinosaurs. In the specimens from the Cambridge
Greensand there is indication of a small proximal crest
to the tibia with a slight ridge, but no evidence that
this is due to a separate ossification. The patella, or
knee-cap, is not recognised in any fossil of the group.
There is no indication of a fibula in the specimens
thus far known from the Chalk rocks either of Kansas
in America, or in England.

The region of the tarsus varies from the circum-
stance that in many specimens the tibia terminates
downward in a rounded pulley, like the drum-stick of
a bird; while in other specimens this union of the
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proximal row of the tarsal bones with the tibia does
not take place, and then there are two rows of
separate tarsal bones, usually with two bones in each
row. When the upper row is united with the tibia
the lower row remains distinct from the metatarsus,
though no one has examined these separate tarsal
bones so as to define them.

THE FOOT

The foot sometimes has four toes, and sometimes
five. There are four somewhat elongated, slender
metatarsal bones, which are separate from each other
and never blended together, as in birds. There has
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Pterodactylus Rhamphorhynchus Dimorphodon

FIG, 35. METATARSUS AND DIGITS IN THREE TYPES
OF ORNITHOSAURS
been a suspicion that the metatarsal bones were
separate in the young Archzopteryx. In the young
of many birds the row of tarsal bones at the proximal
end of the metatarsus comes away, and there is a
partial division between the metatarsal bones, though
they remain united in the middle. And among Pen-
oguins, in which the foot bones are applied to the
oround instead of being carried in the erect position
of ordinary birds, there is always a partial separation
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between the metatarsal bones, though they become
blended together. The Pterodactyle is therefore
different from birds in preserving the bones distinct
through life, and this character is more like Rep-
tiles than Mammals. The individual bones are not
like those of Dinosaurs, and diverge in Rhampho-
rhynchus as though the animals were web-footed.
There is commonly a rudimentary fifth metatarsal.
It is sometimes only a claw-shaped appendage, like
that seen in the Crocodile. It is sometimes a short
bone, completely formed, and carrying two phalanges
in Solenhofen specimens: though no trace of these
phalanges is seen in the large toothless Pterodactyles
from the Cretaceous rocks of North America. In the
Pterodactylus longirostris the number of foot bones
on the ordinary digits is two, three, four, five, as in
lizards ; but the short fifth metatarsal has only two
toe bones. In Dimorphodon the fifth digit was bent
upward, and supported a membrane for flight. There
are slight variations in the number of foot bones.
In the species Plerodactylus scolopaciceps the number
of bones in the toes follows the formula two, three,
three, four. In Plerodactylus micronyx the number is
two, three, three, three. The terminal claws are much
less developed than is usual with Birds ; and there is
a difference from Bats in the unequal length of the
digits. Taken as a whole, the foot is perhaps more
reptilian than avian, and in some genera is croco-
dilian,

The foot is the light foot of an active animal. Von
Meyer thought that the hind legs were too slender
to enable the animal to walk on land ; and Professor
Williston, of the University of Kansas, remarks that
the rudimentary claws and weak toes indicate that
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the animal could not have used the feet effectively
for grasping, while the exceedingly free movement
of the femur indicates great freedom of movement of
the hind legs; and he concludes that the function
of the legs was chiefly for guidance in flight through
their control over the movements, and expresses his
belief that the animal could not have stood upon the
ground with its feet. There may be evidence to
sustain other views. If the limb bones are recon-
structed, they form limbs not wanting in elegance
or length. If it is true, as Professor Williston sug-
gests, that the weight of his largest animals with the
head three feet long, and a stretch of wing of eighteen
or nineteen feet, did not exceed twenty pounds, there
can be no objection to regarding these animals as
quadrupeds, or even as bipeds, on the ground of the
limbs lacking the strength necessary to support the
body. The slender toes of many birds, and even the
two toes of the ostrich, may be thought to give less
adequate support for those animals than the meta-
tarsals and digits of Pterodactyles.



CHAETER X

SHOULDER-GIRDLE AND
FORE "LIMB

STERNUM

HE sternum is always a distinguishing part of

the bony structure of the breast. In Crocodiles
it is a cartilage to which the sternal ribs unite; and
upon its front portion a flat knife-like bone called
the interclavicle is placed. In lizards like the Chame-
leon, it is a lozenge-shaped structure of thin bony
texture, also bearing a long interclavicle, which sup-
ports the clavicular bones, named collar bones in
man, which extend outward to the shoulder blades.
Among mammals the sternum is usually narrow and
flat, and often consists of many successive pieces in
the middle line, on the under side of the body.
Among Bats the anterior part is somewhat widened
from side to side, to give attachment to the collar
bones, but the sternum still remains a narrow bone,
much narrower than in Dolphins, and not differing
in character from many other Mammals, notwith-
standing the Bat's power of flight. The bone de-
velops a median keel for the attachment of the
muscles of the breast, but something similar is seen
in burrowing Insectivorous mammals like the Moles,
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So that, as Von Meyer remarked, the presence of a
keel on the sternum is not in itself sufficient evidence
to prove flight.

Among birds the sternum is greatly developed.
Broad and short in the Ostrich tribe, it is devoid of
a keel ; and therefore the keel, if present in a bird,
is suggestive of flight. The keel is differently de-
veloped according to the mode of attachment of the
several pectoral muscles which cover a bird’s breast.
In several water birds the keel is strongly developed
in front, and dies away towards the hinder part of
the sternum, as in the Cormorant and its allies. The
sternum in German Pterodactyles is most nearly
comparable to these birds.

In the Solenhofen Slate the sternum is fairly well
preserved in many Ornithosaurs. It is relatively
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R hamphorhynchus Cormorant

FIG, 36. COMPARISON OF THE STERNUM

shorter than in birds, and is broader than long; but
not very like the sternum of reptile or mammal in
form. The keel is limited to the anterior part of the
shield of the sternum, as in Merganser and the Cormo-
rant, and is prolonged forward for some distance in
advance of it. Von Meyer noticed the resemblance of
this anterior process to the interclavicle of the Croco-



SHOULDER-GIRDLE AND FORE LIMB 109

dile in position; but it is more like the keel of a bird’s
sternum, and is not a separate bone as in Reptiles.
In Pterodactyles from the Cretaceous rocks, the side
bones, called coracoids, are articulated to saddle-
shaped surfaces at the hinder part of the base of
this keel, which are parallel in Ornithocheirus, as in
most birds, but overlap in Ornithodesmus, as in
Herons and wading birds.

The keel was pneumatic, and when broken is seen
to be hollow, and appears to have been exceptionally

Surface for
coracoid

/\r Hinder

Keel

Right side

FIG, 37. STERNUM IN ORNITHOCHEIRUS FROM THE
CAMERIDGE GREENSAND

Showing the strong keel and the facets for the coracoid bones on its hinder
border above the lateral constrictions

high in Rhamphorhynchus, a genus in which the
wing bones are greatly elongated. Von Meyer found
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in Rhamphorhynchus on each side of the sternum a
separate lateral plate with six pairs of sternal ribs,
which unite the sternum with the dorsal ribs, as in
the young of some birds. The hinder surface of the
sternum is imperfectly preserved in the toothless
Pterodactyles of Kansas. Professor Williston states
that the bone is extremely thin and pentagonal in
outline, projecting in front of the coracoids, in a
stout, blunt, keel-like process, similar to that seen in
the Pterodactyles of the Cambridge Greensand.
American specimens have not the same notch be-
hind the articulation for the coracoid to separate it
from the transverse lateral expansion of the sternal
shield. The lateral margin in the Cambridge Green-
sand specimens figured by Professor Owen and my-
self is broken ; but Professor Williston had the good
fortune to find on the margin of the sternum the
articular surfaces which gave attachment to the sternal
ribs. The margin of the sternal bone thickens at these
facets, four of which are preserved. The sternum in
Ornithostoma was about four and a half inches long
by less than five and a half inches wide. The median
keel extends forward for rather less than two inches,
while in the smaller Cambridge species of Ornitho-
cheirus it extends forward for less than an inch and
a hallf.

A sternum of this kind is unlike that of any other
animal, but has most in common with a bird; and
may be regarded as indicating considerable power
of flicht. The bone cannot be entirely attributed to
the effect of flight, since there is no such expanded
sternal shield in Bats. The small number of sternal
ribs is even more characteristic of birds than mam-

mals or reptiles.
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THE SHOULDER-GIRDLE

The bones which support the fore limb are one
of the distinctive regions of the skeleton defining
the animal’s place in nature. Among most of the
lower vertebrata, such as Amphibians and Rep-
tiles, the girdle is a double arch—the arch of the
collar bone or clavicles in front, and the arch of the
shoulder-blade or scapula behind. The clavicular
arch, when it exists, is formed of three or five parts—
a medium bar named the interclavicle, external to
which is a pair of bones called clavicles, reaching to
the front of the scapule when they are present; and
occasionally there is a second pair of bones called
supraclavicles, extending from the clavicles up the
front margins of the scapule. Thus the clavicular
arch is placed in front of the scapular arch. The
supraclavicles are absent from all living Reptiles, and
the clavicles are absent from Crocodiles. The inter-
clavicle is absent from all mammals except Echidna
and Ornithorhynchus, Clavicles also may be absent
in some orders of mammals. Hence the clavicular
arch may be lost, though the collar bones are re-
tained in man.

The scapular arch also is more complicated and
more important in the lower than in the higher
vertebrata. It may include three bones on each side
named coracoid, precoracoid, and scapula. But in
most vertebrates the coracoid and precoracoid appear
never to have been segmented so as to be separated
from each other; and it is only among extinct types
of reptiles, which appear to approximate to the Mono-
treme mammals, that separate precoracoid bones are
found; though among most mammals, probably,
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there are stages of early development in which pre-
coracoids are represented by small cartilages, though
few mammals except Edentata like the Sloths and
Ant-eaters, retain even the coracoids as distinct bones.
Therefore, excepting the Edentata and the Mono-
tremes, the distinctive feature of the mammalian
shoulder-girdle appears to be that the limbs are sup-
ported by the shoulder-blades, termed the scapula.
Among reptiles there are several distinct types
of shoulder-girdle. Chelonians possess a pair of
bones termed coracoids which have no connexion
with a sternum ; and their scapul® are formed of two
widely divergent bars, divided by a deeper notch than
is found in any fossil reptiles. Among Lizards both
scapula and coracoid are widely expanded, and the
coracoid is always attached to the sternum. Chame-
leons have the blade of the scapula long and slender,
but the coracoid is always as broad as it is long.
Crocodiles have the bone more elongated, so that it
has somewhat the aspect of a very strong first sternal
rib when seen on the ventral face of the animal. The
bone is perforated by a foramen, which would prob-
ably lie in the line of separation from the precoracoid
if any such separation had ever taken place. The
scapula, or shoulder-blade, of Crocodiles is a similar
flat bone, very much shorter than the scapula of a
Chameleon, and more like that of the New Zealand
Hatteria. Thus there is very little in common be-
tween the several reptilian types of shoulder-girdle.
In birds the apparatus for the support of the wings
has a far-off resemblance to the Crocodilian type.
The coracoid bones, instead of being directed laterally
outward and upward from the sternum, as among
Crocodiles, are directed forward, so as to prolong the
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line of the breast bone, named the sternum. The
bird’s coracoid is sometimes flattened towards the
breast bone among Swans and other birds; yet as a
rule the coracoid is a slender bar, which combines
with the still more slender and delicate blade of the
scapula, which rests on the ribs, to make the articula-
tion for the upper arm bone. Among reptiles the
scapula and coracoid are more or less in the same

! Articulation for the
Dimorphodon humerus Rhamphocephalus
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FIG. 33. COMPARISON OF SCAPULA AND CORACOID IN
THREE PTERODACTYLES AND A BIRD

straight line, as in the Ostrich, but in birds of flight
they meet at an angle which is less than a right angle,
and where they come in contact the external surface
is thickened and excavated to make the articulation
for the head of the humerus. There is nothing like
this shoulder-girdle outside the class of birds, until it

is compared with the corresponding structure in these
|
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extinct animals called Pterodactyles. The resem-
blance between the two is surprising. It is not
merely the identity of form in the coracoid bone and
the scapula, but the similar angle at which they meet
and the similar position of the articulation for the
humerus. Everything in the Pterodactyle’s shoulder-
girdle is bird-like, except the absence of the repre-
sentative of the clavicles, that forked V-shaped bone
of the bird which in scientific language is known as
the furculum, and is popularly termed the “merry-
thought.” This kind of shoulder-girdle is found in
the genera from the Lias and the Oolitic rocks, both
of this country and Germany.

In the Cretaceous rocks the scapula presents, in
most cases, a different appearance. The coracoid is
an elongated, somewhat triangular bone, compressed
on the outer margin as in birds, but differing alike
from birds and other Pterodactyles in not being
prolonged forward beyond the articulation for the
humerus. In these Cretaceous genera, toothed and
toothless alike, the articulation for the upper arm
bone truncates the extremity of the coracoid, so that
the bone is less like that of a bird in this feature.
Perhaps it shows a modification towards the croco-
dilian direction. The scapula, which unites with the
coracoid at about a right angle, is similarly truncated
by the articular surface for the humerus; but the
bone is somewhat expanded immediately beyond the
articulation, and compressed ; and instead of being
directed backward, it is directed inward over the ribs
to articulate with the neural arches of the early
dorsal vertebre in the genera found in strata asso-
ciated with the Chalk. As the bone approaches
this articulation, it thickens and widens a little,
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becoming suddenly truncated by an ovate facet,
which exactly corresponds to the transversely ovate

FIG. 39. THE NOTARIUM

An ossification which gives attachment to the scapula seen in
the early dorsal vertebra of Ornithocheirus
{From the Cambridge Greensand)

impression, concave from front to back, which is seen
in the neural arches of the dorsal vertebrae on which
it fits. This condition is not present in all Cretaceous

Scapula

Humeral
articulaton

Coracoid

Sternum

FIG. 40. RESTORATION OF THE SHOULDER-GIRDLE IN THE
CRETACEOUS ORNITHOCHEIRUS

Showing how the scapule articulate with a vertebra and the articulation
of the coraqcnr!s w:t_h the sternum, The humeral articulation with
the coracoid is unlike the condition shown in other Ornithosaurs

Pterodactyles. It does not occur in the Kansas fossil,
named by Professor Marsh, Nyctodactylus, And it
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appears to be absent from the Pterodactyles of the
English Weald, named Ornithodesmus,

There 1s no approach to this transverse position of
the scapule among birds. And while the form of
the bones in the older genera of Ornithosaurs is
singularly bird-like, the angular arrangement in this
Cretaceous genus is obtained by closely approximat-
ing the articulations on the sternum, so that the
coracoids extend outward as in reptiles, instead of
forward as in birds; and the extremities of the
scapul® similarly approximate towards each other.
This rather recalls the relative positions of scapula
and coracoid among crocodiles. If crocodile and
bird had been primitive types of animals instead of
surviving types, it might almost seem as though
there had been a cunning and harmonious blending
of one with the other in evolving this form of
shoulder-girdle,

THE FORE LIMB

The bones of the fore limb, generally, correspond
in length with the similar parts of the hind limb.,
The upper arm bone corresponds with the upper leg
bone, and the fore-arm bone is as long as the fore-
leg bone; then differences begin. The bones which
correspond to the back of the hand in man, termed
the metacarpus, are variable in length in Pterodactyles
—sometimes very long and sometimes short. The
wing metacarpal bone is always stout, and the others
are slender. The extremity of the metacarpus was
applied to the ground. Three small digits of the
hand are developed from the three small metacarpal
bones, and terminate in large claws.

The great wing finger was bent backward, and only
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touched the ground where it fitted upon the wing
metacarpal bone, It appears sometimes to have
been as long as the entire vertebral column.

Owing to the circumstance that the joint in the
arm in Pterodactyles was not at the wrist as among
birds, but between the metacarpus and the phalanges,
it follows that the fore limb was longer than the hind
limb when the metacarpus was long ; but the differ-
ence would not interfere with the movements of the
animal, either upon four feet or on two feet, for in bats
and birds the disproportion in length is greater.

HUMERUS OR UPPER ARM BONE

The first bone in the fore-arm, the humerus, is
remarkable chiefly for the compressed crescent form
of its upper articular end, which is never rounded
like the head of the upper arm bone in man, and
secondly for the great development of the external
process of bone near that end, termed the radial
crest. Sir Richard Owen compared the bone to the
humerus of both birds and crocodiles, but in its upper
articular end the crocodile bone may be said to be
more like a bird than it is like the Pterodactyle. In
flying reptiles the articular surface next the shoulder-
girdle is somewhat saddle-shaped, being concave from
side to side above and convex vertically, while most
animals with which it can be compared have the
articular head of the bone convex in both directions,
A remarkable exception to this general rule is found
in some fossil animals from South Africa, which, from
resemblance to mammals in their teeth, have been
termed Theriodonts. They sometimes have the head
of the bone concave from side to side and convex in
the vertical direction. To this condition Ornitho-
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rhynchus makes a slight approximation. The singu-
lar expansion of the structure called the radial crest
finds no close parallel in reptiles, though Crocodiles
have a moderate crest on the humerus in the same
position ; and in Theriodonts the radial crest extends
much further down the shaft of the humerus. No
bird has a radial crest of a similar kind, though it
is prolonged some way down the shaft in Archaop-
teryx. In Pterodactyles it sometimes terminates
outward in a smooth, rounded surface, which might
have been articular if any structure could have articu-
lated with it. There is also a moderate expansion of
the bone on the ulnar side in some Pterodactyles, so
that the proximal end often incloses nearly three-
fourths of an ovate outline. The termination of the
radial crest is at the opposite end of this oval to the
wider articular part of the head of the bone, in
some specimens from the Cambridge Greensand. The
radial crest is more extended in Rhamphorhynchus.
All specimens of the humerus show a twist in the
length of the bone, so that the end towards the fore-
arm, which is wider than the shaft, makes a right
angle with the radial crest on the proximal end,
which is not seen in birds. The shaft of the hume-
rus is always stouter than that of the femur, though
different genera differ in this respect.

The humerus in genera from rocks associated with
the Chalk presents two modifications, chiefly seen in
the characters of the distal end of the bone. One of
these is a stout bone with a curiously truncated end
where it joins the two bones of the fore-arm; and
the other is more or less remarkable for the rounded
form of the distal condyles. Both types show distinct
articular surfaces. The inner one is somewhat oblique
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and concave, the outer one rounded ; the two being
separated by a concave channel, so that the ulna

=

Ornithocheirus Pigeon

FIG, 4I. COMPARISON OF THE HUMERUS IN
PTERODACTYLE AND EBIRD

makes an oblique articulation with the bone as in
birds, and the radius articulates by a more or less
truncated or concave surface.

ULNA AND RADIUS

The bones of the fore-arm are similar to each other
in size, and if there be any difference between them
the ulna is slightly the larger. There is some evidence
that in Rhamphorhynchus the upper end of the ulna
was placed behind the radius, probably in consequence
of the mode of attachment of those bones to the
humerus. The ulna abutted towards the inner and
lower border, while the radius was towards the upper
border, consequent upon the twist in the humerus.
This condition corresponds substantially with the
arrangement in birds, but differs from birds in the
relatively more important part taken by the radius
in making the articulation. The bones are compared
in Dimorphodon with the Golden Eagle drawn of the
same size (Fig. 42). In birds the ulna supports the great
feathers of the wing, and this may account for the
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size of the bone. The ulna is best seen at its proxi-
mal end in the specimens from the Cambridge
Greensand, where there is a terminal olecranon ossi-
fication forming an oblique articulation, which fre-
quently comes away and is lost. It is sometimes
well preserved, and indicated by a suture. The
examples of ulna from the Lias show a slight ex-
pansion of the bone at both ends, and at the distal
end toward the wrist the articulation is well defined,

Ulna Radius Ulna Radius
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Golden Eagle Dimorphodon

F1G. 42, COMPARISON OF THE BONES OF THE FORE-ARM
1N BIRD AND ORNITHOSAUR

where the bone joins the carpus. The larger speci-
mens of the bone are broken. The distal articular
surface is only connected with the proximal end of
the bone in small specimens: it always shows on
the one margin a concavity, followed by a prominent
boss, and an oblique articulation beyond the boss.
On the side towards the radius, on the lower end of
the shaft there is an angular ridge, which marks the
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line along which the ulna overlaps the radius. The
lower end of the radius has a simple, slightly convex
articulation, somewhat bean-shaped. No rotation
of these bones on each other was possible as in
man. There is a third bone in the fore-arm. This
bone, named the pteroid, is commonly seen in skele-
tons from Solenhofen. It was regarded by Von
Meyer as having supported the wing membrane in
flight. Some writers have interpreted it as an essen-
tial part of the Pterodactyle skeleton, and Von
Meyer thought that it might possibly indicate a fifth
digit in the hand. The only existing structure at all
like it is seen in the South African insectivorous
mammal named Chrysockioris capensis, the golden
mole, which also has three bones in the fore-arm,
the third bone extending half-way up towards the
humerus. In that animal the third bone appears to
be behind the others and adjacent to the ulna. In
the German fossils the pteroid articulated with a
separate carpal or metacarpal bone, placed on the side
of the arm adjacent to the radius, and the radius
i1s always more inward than the ulna. If the view
suggested by Von Meyer is adopted, this bone would
be a first digit extending outward and backward
towards the humerus. That view was adopted by
Professor Marsh. It involves the interpretation of
what has been termed the lateral carpal as the first
metacarpal bone, which would be as short as that
of a bird, but turned in the opposite direction back-
ward. The first digit would then only carry one
phalange, and would not terminate in a claw, but lie
in the line of the tendon which supports the anterior
wing membrane of a bird.

The third bone in the fore-arm of Chrysochloris
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does not appear to correspond to a digit. The bone
is on the opposite side of the arm to the similar
bone of a Pterodactyle, and therefore cannot be the
same structure in the Golden Mole. The interpreta-
tion which makes the pteroid bone the first digit
has the merit of accounting for the fifth digit of the
hand. All the structures of the hand are consistent
with this view. The circumstance that the bone is
rarely found in contact with the radius, but diverging
from it, shows that it plays the same part in stretching
the membrane in advance of the arm, that the fifth
digit holds in supporting the larger wing membrane
behind the arm.

According to Professor Williston, the American
toothless Pterodactyle Ornithostoma has but a single
phalange on the corresponding first toe of the hind
foot, and that bone he describes as long, cylindrical,
cgently curved, and bluntly pointed. There is some
support for this interpretation; but I have not seen
any English or German Pterodactyles with only one
phalange in the first toe.

The wing in Pterodactyles would thus be stretched
between two fingers which are bent backward, the
three intermediate digits terminating in claws.

THE CARFPUS

The wrist bones in the reptilia usually consist of
two rows. In Crocodiles, in the upper row there is
a large inner and a small outer bone, behind which
is a lunate bone, the remainder of the carpus being
cartilaginous. Only one carpal is converted into
bone in the lower row. It is placed immediately
under the smaller upper carpal. In Chelonians, the
turtle and tortoise group, the characters of the carpus
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vary with the family. In the upper row there are
usually two short carpals, which may be blended,
under the ulna; while the two under the radius are
commonly united. The lower row is made up of
several small bones. Lizards, too, usually have three
bones in the proximal row and five smaller bones
in the distal row. .

The correspondence of the distal carpals with
the several metacarpal bones of the middle hand
is a well-known feature of the structure of the
wrist,

Von Meyer remarks that the carpus is made up of
two rows of small bones in the Solenhofen Ptero-
dactyles ; while in birds there is one row consisting
of two bones. The structure of the carpus is not
distinct in all German specimens; but in the short-
tailed Solenhofen genera the bones in the two rows
retain their individuality.

In all the Cretaceous genera the carpal bones of
each row are blended into a single bone, so that two
bones are superimposed, which may be termed the
proximal and distal carpals. One specimen shows
by an indication of sutures the original division of
the distal carpal into three bones; and the separated
constituent bones are very rarely met with. Two
bones of the three confluent elements contribute to the
support of the wing metacarpal, and the third gives
an articular attachment to the bone which extends
laterally at the inner side of the carpus, which I
now think may be the first metacarpal bone turned
backward towards the humerus. The three com-
ponent bones meet in the circular pneumatic fora-
men in the middle of the under side of the distal
carpal. There is no indication of division of the
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proximal carpal in these genera into constituent
bones.

This condition is somewhat different from birds.
In 1873 Dr. Rosenberg, of Dorpat, showed that

Lateral
(carpal or)
metacarpal

bone

Proximal carpal

Distal carpal

FIG. 43 C.J‘:RI‘UH_ FROM ORNITHOCHEIRUS
(Cambridge Greensand)

there is in the bird a proximal carpal formed of two
elements, and a distal carpal also formed of two
elements, Therefore the two constituents of the
distal carpal in the bird which blends in the mature
animal with the metacarpus, forming the rounded
pulley joint, may correspond with two of the three
bones in the Cretaceous Pterodactyle Ornitihocheirus.

The width of a proximal carpal rarely exceeds two
inches, and that of a distal carpal is about an inch
and three-quarters. Two such bones when in contact
would not measure more than one inch in depth.
The lower surface shows that the wing had some
rotary movement upon the carpus outward and
backward,

METACARPUS

The metacarpus consists of bones which corre-
spond to the back of the hand. The first digit of
the hand in clawed animals has the metacarpal bone
short, or shorter than the others. Among mammals
metacarpal bones are sometimes greatly elongated ;
and a similar condition is found in Pterodactyles, in
which the metacarpal bone may be much longer
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than the phalange which is attached to it. Two
metacarpal bones appear to be singularly stouter
than the others. The first bone of the first digit, if
rightly determined, is much shorter than the others,
and is, in fact, no longer than the carpus (Fig. 43). It
is a flat oblong bone, attached to the inner side of
the lower carpal, and instead of being prolonged
distally in the same direction as the other meta-
carpal bones, is turned round and directed upward,
so that its upper edge is flush with the base of the
radius, and gives attachment to a bone which re-
sembles a terminal phalange of the wing finger.

First
phalange of
the wing
finger

FIG. 44, METACARFUS IN TWO ORNITHOSAURS

According to this interpretation it is the first and
only phalange in the first digit. The bone is often
about half as long as the fore-arm, terminates up-
ward in a point, is sometimes curved, and frequently
diverges outward from the bones of the fore-arm,
as preserved in the associated skeleton, being
stretched towards the radial crest of the humerus,
This mode of attachment of the supposed first meta-
carpal, which is true for all Cretaceous pterodactyles,
has not been shown to be the same for all those
from the Solenhofen Slate. There is no greater
anomaly in this metacarpal and phalange on the
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inner side being bent backward, than there is in the
wing finger being bent backward on the outer side.
The three slender intervening digits extend forward
between them, as though they were applied to the
aoround for walking.

The bone which is usually known as the wing
metacarpal is frequently stouter at the proximal end
towards the carpus than towards the phalange. At
the carpal end it is oblong and truncated, with a short
middle process, which may have extended into the
pit in the base of the carpal bone; while the distal
terminal end is rounded exactly like a pulley. There
is great difference in the length of the metacarpus.
In the American genus Ornithostoma it is much
longer than the fore-arm. In Rhamphorhynchus it
is remarkably short, though perhaps scarcely so
short as in Dimorphodon or in Scaphognathus. The
largest Cretaceous examples are about two inches
wide where they join the carpus. The bone is some-
times a little curved.

Between the first and fifth or wing metacarpal are
the three slender metacarpal bones which give attach-
ment to the clawed digits. They bear much the
same relation to the wing metacarpal that the large
metatarsal of a Kangaroo has to the slender bones
of the instep which are parallel to it.

The facet for the wing metacarpal on the carpus is
clearly recognised, but as a rule there is no surface
with which the small metacarpals can be separately
articulated. One or two exceptional specimens from
the Cambridge Greensand appear to have not only
surfaces for the wing metacarpal, but two much
smaller articular surfaces, giving attachment to
smaller metacarpals; while in one case there appears
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to be only one of these additional impressions. It
is certain that all the animals from the Lias and
QOolites have three clawed digits, but at present I
have seen no evidence that there were three in the
Cretaceous genera, though Professor Williston’s state-
ments and restoration appear to show that the
toothless Pterodactyles have three. Another differ-
ence from the Oolitic types, according to Professor
Williston, is in the length of the slender metacarpals
of the clawed phalanges being about one-third that
of the wing metacarpal, but this is probably due to
imperfect ossification at the proximal end ; for at the
distal end the bones all terminated on the same level,
showing that the four outer digits were applied to
the ground to support the weight of the body. The
corresponding bone in the Horse and Oxen is carried
erect, so as to be in a vertical line with the bones of
the fore-arm ; and the same position prevails usually,
though not invariably, with the corresponding bone
in the hind limb, while in many clawed mammals the
metacarpus and metatarsus are both applied upon the
oround. In Pterodactyles the metatarsal bones are
preserved in the rock in the same straight line with
the smaller bones of the foot, or make an angle with
the shin bone, leading to the conviction that the bones
of the foot were applied to the ground as in Man,
and sometimes as in the Dog, and were thus modified
for leaping. Just as the human metacarpus is ex-
tended in the same line with the bones of the fore-
arm, and the movement of jointing occurs where the
fingers join the metacarpus, so Pterodactyles also
had these bones differently modified in the fore and
hind limbs for the functions of life. The result is to
lengthen the fore limb as compared with the hind
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limb by introducing into it an elevation above the
ground which corresponds to the length of the meta-
carpus, always supposing that the animal commonly
assumed the position of a quadruped when upon the
earth’s surface.

This position of the metacarpus is a remarkable
difference from Birds, because when the bird’s wing
is at rest it is folded into three portions. The upper
arm bone extends backward, the bones of the fore-
arm are bent upon it so as to extend forward, and
then at the wrist the third portion, which includes
the metacarpus and finger bones, is bent backward.
So that the metacarpus in the Pterodactyle differs from
birds in being in the same line as the bones of the
fore-arm, whereas in birds it is in the same line with
the digit bones of the hand. It is worthy of remark
that in Bats, which are so suggestive of Pterodactyles
in some features of the hand, the metacarpals and
phalanges are in the same straight line; so that in
this respect the bat is more like the bird. But Ptero-
dactyles in the relation of these bones to flight are
quite unlike any other animal, and have nothing in
common with the existing animals named Reptiles.

THE HAND

From what has just been said it follows that the
construction of the hand is unique. It may be con-
trasted with the foot of a bird. The bone which
is called, in the language of anatomists, the tarso-
metatarsus, and is usually free from feathers and
covered with skin, is commonly carried erect in birds,
so that the whole body is supported upon it; and
from it the toes diverge outward. It is formed in
birds of three separate bones blended together. In
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the fore limb of the Pterodactyle the metacarpus
has the same relation to the bones of the fore-arm
that the metatarsus has to the corresponding bones
of the leg in a bird. But the three metacarpal bones
in the Pterodactyle remain distinct from each other,
perhaps because the main work of that region of the
skeleton has devolved upon the digit called the wing
finger, which is not recognised in the bird. In the
Pterodactyles from the Solenhofen Slate there is
a progressive number of phalanges in the three small
digits of the hand, which were applied to the ground.
This number in the great majority of species follows
the formula of two bones in the first, three bones in
second, and four in the third; so that in the innermost
of the clawed digits only one bone intervenes between
the metacarpal and the claw. The fingers slightly
increase in length with increase in number of bones
which form them.

The terminal claw bones are unlike the claws of
Birds or Reptiles. They are compressed from side to

FIG, 45. CLAW PHALANGE FROM THE HAND
IN ORNITHOCHEIRUS., (Half natural size)

side, and extremely deep and strong, with evidence of
powerful attachment for ligaments, so that they rather
resemble in their form and large size the claws of
some of the carnivorous fossil reptiles, often grouped
as Dinosauria, such as have been termed Aristo-
suchus and Megalosaurus. In the hand of the
Ostrich the first and second digits terminate in

claws, while the third is without a claw. DBut these
K
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claws of the Ostrich and other birds are slender,
curved, and rather feeble organs. In the Archaop-
teryx, a fossil bird which agrees with the Pterodactyles
in retaining the separate condition of the metacarpal
bones and in having the same number of phalanges
in two of the fingers of the fore limb, the terminal
claws are rather more compressed from side to side,
and stronger than in the Ostrich, but not nearly so
strong as in the Pterodactyle. The Archaopteryx

Ostrich Archaopteryx

FIG, 45. METACARPUS AND DIGITS OF THE HAND
IN BIRDS WITH CLAWS

differs from the Pterodactyle in having no trace of a
wing finger. The first metacarpal bone is short,
as in all birds; and the first phalange scarcely
lengthens that segment of the first digit of the Bird’s
hand to the same length as the other metacarpal
bones. It therefore was not bent backward like the
first digit in Pterodactyles. The wing finger, from
which the genius of Cuvier selected the scientific
name—Pterodactyle—for these fossils, yields their
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most distinctive character. It is a feature which could
only be partly paralleled in the Bat, by making
changes of structure which would remove every
support to the wing but the outermost digit of that
animal’s hand. In the Bat's hand the membrane for
flicht is extended chiefly by four diverging metacarpal
bones. There are only two or three phalanges in each
digit in its four wing fingers. In Pterodactyles the
metacarpal bones are, as we have seen, arranged in
close contact, and take no part in stretching the wing.

THE WING FINGER

In Birds there is nothing whatever to represent the
wing finger of the Pterodactyle, for it is an organ
external to the finger bones of the bird, and contains
four phalanges. The first phalange is quite different
from the others. Its length is astonishing when com-
pared with the small phalanges of the clawed fingers.
The articular surface, which joins on to the wing
metacarpal bone, is a concave articulation, which fits
the pulley in which that bone ends. The pulley
articulation admits of an extension movement in
one direction only. Many specimens show the wing
finger to be folded up so as to extend backward.
The whole finger is preserved in other specimens
straightened out so as to be in line with the meta-
carpus. This condition is well seen in Professor
Marsh’s specimen of Rhamphorhynchus, which has
the wing membrane preserved, in which all bones
of the fore-arm metacarpus and wing finger are
extended in a continuous curve. The outer surface
of the end of the first bone of the wing finger
overlaps the wing metacarpal, so that a maximum
of strength and resistance is provided in the bony
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structures by which the wing is supported. There
is, therefore, in flight only one angular bend in the
limb, and that is between the upper arm bone and
the fore-arm.

An immense pneumatic foramen is situate in a
groove on the under side of the upper end of the
first phalange in Ornithocheirus, but is absent in
specimens from the Kimeridge clay. This bone is
long and stout. It terminates at the lower end in
an obliquely truncated articular surface. Specimens
occur in the Cambridge Greensand which are 2 inches
broad at the upper end and nearly 1} inch wide at
the lower end. An imperfect bone from the Chalk
is 141 inches long. The bones are all flattened.
Specimens from the Chalk of Kansas at Munich are
28 inches long. The second phalange is concave at
the upper articular end and convex in the longer
direction at the lower end. The articular points of
union between the several phalanges form promi-
nences on the under side of the finger in consequence
of the adjacent bones being a little widened at their
junction. It should be mentioned that there is a
proximal epiphysis or separate bone to the first
phalange, adjacent to the pulley joint of the meta-
carpal bone, which is like the separate olecranon pro-
cess of the ulna of the fore-arm. It sometimes comes
away in specimens from the Chalk and Cambridge
Greensand, leaving a large circular pit with a de-
pressed narrow border. On the outer side of this
process is a rounded boss, which may possibly have
supported the bone, if it were applied to the ground
with the wing folded up, like the wing of a Bat directed
upward and backward at the animal’s side.

The four bones of the wing finger usually decrease
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progressively in length, so that in Rhamphorhynchus,
in which the length of the animal’s head only slightly
exceeds 34 inches, the first phalange is nearly as long,
the second phalange is about 3} inches, the third 2}
inches, and the fourth a little over 2 inches. Thus
the entire length of the four phalanges slightly ex-
ceeds 11 inches, or rather more than three times the
length of the head. But the fore-arm and metacarpus
in this type only measure 3 inches. Therefore the
entire spread of wings could not have been more
than 2 feet g inches.

The largest Ornithosaur in which accurate measure-
ments have been made is the toothless Pterodactyle
Ornithostoma, also named Pteranodon, from North
America. In that type the head appears to have
been about 3 or 4 feet long, and the wing finger
exceeded 5 feet; while the length of the fore-arm
and metacarpus exceeded 3 feet. The width of the
body would not have been more than 1 foot. The
length of the short humerus, which was about
11 inches, did not add greatly to the stretch of the
wing ; so that the spread of the wings as stretched
in flight may be given as probably not exceeding
17 or 18 feet. A fine example of the wing bones of
this animal quite as large has been obtained by the
(British Museum Natural History). Many years ago,
on very fragmentary materials, I estimated the wings
in the English Cretaceous Ornithocheirus as probably
having a stretch of 20 feet in the largest specimens,
basing the calculation partly upon the extent of the
longest wings in existing birds relatively to their
bones, and partly upon the size of the largest associ-
ated bones which were then known.



CHAPTER XII

EVIDENCES OF THE ANIMAL'S
HABITS FROM ITS REMAINS

UCH are the more remarkable characters of the

bones in a type of animal life which was more
anomalous than any other which peopled the earth
in the Secondary Epoch of geological time. Its
skeleton in different parts resembles Reptiles, Birds,
and Mammals ; with modifications and combinations
so singular that they might have been deemed im-
possible if Nature’s power of varying the skeleton
could be limited. Since Ornithosaurs were provided
with wings, we may believe the animals to some extent
to have resembled birds in habit. Their modes of
progression were more varied, for the structures indi-
cate an equal capacity for movement on land as a
biped, or as a quadruped, with movement in the air.
There is little evidence to support the idea that they
were usually aquatic animals. The majority of birds
which frequent the water have their bodies stored
with fat and the bones of their extremities filled with
marrow. And a bird’s marrow bones are stouter and
stronger than those which are filled with air. There
are few, if any, bones of Pterodactyles so thick as to
suggest the conclusion that they contained marrow,

134
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and the bones of the extremities appear to have been
constructed on the lightest type found among terres-
trial birds. Their thinness, except in a few specimens
from the Wealden rocks, is marvellous; and all the
later Pterodactyles show the arrangement, as in birds,
by which air from the lungs is conveyed to the
principal bones. No Pterodactyle has shown any
trace of the web-footed condition seen in birds which
swim on the water, unless the diverging bones of the
hind foot in Rhamphorhynchus supports that infer-
ence. The bones of the hind foot are relatively
small, and if it were not that a bird stands easily
upon one foot, might be considered scarcely adequate
to support the animal in the position which terrestrial
birds usually occupy. Yet, as compared with the
length and breadth of the foot in an Ostrich, the toes
of an Ornithosaur are seen to be ample for support.
These facts appear to discourage the idea that the
animals were equally at home on land and water, and
in air.

Some light may be thrown upon the animal’s habits
by the geological circumstances under which the
remains are found. The Pterodactyle named Dimor-
phodon, from the Lias of the south of England, is
associated with evidences of terrestrial land animals,
the best known of which is Scelidosaurus, an ar-
moured Dinosaur adapted by its limbs for progression
on land. And the Pterodactyle Campylognathus,
from the Lias of Whitby, is associated with trunks
of coniferous trees and remains of Insects. So that
the occurrence of Pterodactyles in a marine stratum
is not inconsistent with their having been transported
by streams from off the old land surface of the Lias,
on which coniferous trees grew and Dinosaurs lived,
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Similar considerations apply to the occurrence of
the Rhamphocephalus in the Stonesfield Slate of
IEngland. The deposit is not only formed in shallow
water, but contains terrestrial Insects, a variety of
land plants, and many Reptiles and other animals
which lived upon land. The specimens from the
Purbeck beds, again, are in strata which yield a
multitude of the spoils of a nearly adjacent land
surface; while the numerous remains found in the
marine Solenhofen Slate in Germany are similarly
associated with abundant evidences of varied types
of terrestrial life. The evidence grows in force from
its cumulative character. The Wealden beds, which
yield many terrestrial reptiles and so much evidence
of terrestrial vegetation, and shallow-water conditions
of disposition, have afforded important Pterodactyle
remains from the Isle of Wight and Sussex.

The chief English deposit in which these fossils
are found, the Upper Greensand, has afforded
thousands of bones, battered and broken on a
shore, where they have lain in little associated
groups of remains, often becoming overgrown with
small marine shells. Side by side with them are
found bones of true terrestrial Lizards and Crocodiles
of the type of the Gavial of the Indian rivers, many
terrestrial Dinosaurs, and other evidences of land
life, including fossil resins, such as are met with in
the form of amber or copal at the present day.

The great bones of Pterodactyles found in the
Chalk of Kent, near Rochester, became entombed,
beyond question, far from a land surface. There is
nothing to show whether the animals died on land
and were drifted out to sea like the timber which is
found water-logged and sunken after being drilled by
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the ship-worm (Teredo) of that epoch. Seeing the
power of flight which the animal possessed, storms
may have struck down travellers from time to time,
when far from land.

Evidence of habit of another kind may be found
in their teeth. They are brightly enamelled, sharp,
formidable; and are frequently long, overlapping the
sides of the jaws. They are organs which are often
better adapted for grasping than for tearing, as may
be seen in the inclined teeth of Rhamphocephalus of
the Stonesfield Slate; and better adapted for killing
than tearing, from their piercing forms and cutting
edges, in genera like Ornithocheirus of the Greensand.
The manner in which the teeth were implanted and
carried is better paralleled by the fish-eating crocodile
of Indian rivers than by the flesh-eating crocodiles, or
Muggers, which live indifferently in rivers and the
sea. As the Kingfisher finds its food (see Fig. 20)
from the surface of the water without being in the
common sense of the term a water bird, so some
Pterodactyles may have fed on fish, for which their
teeth are well adapted, both in the stream and by the
shore.

A Pterodactyle’s teeth vary a good deal in appear-
ance. The few large teeth in the front of the jaw
in Dimorphodon, associated with the many small
vertical teeth placed further backward, suggest that
the taking of food may have been a process re-
quiring leisure, since the binder teeth adapted to
mincing the animal's meat are extremely small. The
way in which the teeth are shaped and arranged
differs with the genera. In Pterodactylus they are
short and broad and few, placed for the most part
towards the front of the jaws. Their lancet-shaped
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form indicates a shear-like action adapted to dividing
flesh. In the associated genus Rhamphorhynchus
the teeth are absent from the extremity of the jaw,
are slender, pointed, spaced far apart, and extend far
backward. When the jaws of the Rhamphorhynchus
are brought together there is always a gap between
them in front, which has led to belief that the teeth
were replaced by some kind of horny armature which
has perished. In the long-nosed English type of
Ornithocheirus the jaws are compressed together, so
that the teeth of the opposite sides are parallel to
each other, with the margins well filled with teeth,
which are never in close contact, though occasionally
closer and larger in front, in some of the forms with
thick truncated snouts.

[t is not the least interesting circumstance of the
dentition of Pterodactyles that, associated in the
same deposits with these most recent genera with
teeth powerfully developed, there is a genus named
Ornithostoma from the resemblance of its mouth to
that of a bird in being entirely devoid of teeth. It
is scarcely possible to distinguish the remains of the
toothed and toothless skeletons except in the dentary
character of the jaws. There is no evidence that
the toothless types ever possessed a tooth of any
sort. They were first found in fragments in England
in the Cambridge Greensand, but were afterwards
met with in great abundance in the Chalk of Kansas,
where the same animals were named Pteranodon.
A jaw so entirely bird-like suggests that the digestive
organs of Pterodactyles may in such toothless forms
at least have been characterised by a gizzard, which
is so distinctive of Birds. The absence of teeth in
the Great Ant-eater and some other allied Mammals
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has transferred the function which teeth usually per-
form to the stomach, one part of which becomes
greatly thickened and muscular, adapting itself to
the work which it has to perform. It is probable
that the gizzard may be developed in relation to the
necessities which food creates, since even Trout, feed-
ing on the shell-fish in some Irish lochs, acquire such
a thickened muscular stomach, and a like modifi-
cation is recorded in other fishes as produced by
food,

Closely connected with an animal’s habits is the
protection to the body which is afforded by the skin.
In Pterodactyles the evidence of the condition of
the skin is scanty, and mostly negative. Sometimes
the dense, smooth texture of the jaw bones indicates
a covering like the skin of a Lizard or the hinder part
of the jaw of a Bird. Some jaws from the Cam-
bridge Greensand have the bone channeled over its
surface by minute blood vessels which have im-
pressed themselves into the bone more easily than
into its covering. Thus in the species of Ornitho-
cheirus distinguished as wmiicrodon the palate is
absolutely smooth, while in the species named
macherorfiynchus it is marked by parallel impressed
vascular grooves which diverge from the median
line. This condition clearly indicates a difference in
the covering of the bone, and that in the latter
species the covering had fewer blood vessels and
more horny protection than in the other. The tissue
may not have been of firmer consistence than in the
palate of Mammals. The extremity of the beak is
often as full of blood vessels as the jaw of a Turtle
or Crocodile.
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COVERING OF THE BODY

There is no trace even in specimens from the
Solenhofen or Stonesfield Slate of any covering to
the body. There are no specimens preserved like *
mummies, and although the substance of the wings
is found there is no trace of fur or feathers, bones,
or scales on the skin. The only example in which
there is even an appearance suggesting feathers is in
the beautiful Scaphognathus at Bonn, and upon por-
tions of the wing membrane of that specimen are
preserved a very few small short and apparently
tubular bodies, which have a suggestive resemblance
to the quills of small undeveloped feathers. Such
evidences have been diligently sought for. Professor
Marsh, after examining the wing membranes of his
specimen of Rhamphorhynchus from Solenhofen,
stated that the wings were partially folded and
naturally contracted into folds, and that the surface
of the tissue is marked by delicate strize, which
might easily be taken at first sight for a thin coating
of hair. Closer investigation proved the markings
to be minute wrinkles on the under surface of the
wing membrane. This negative evidence has con-
siderable value, because the Solenhofen Slate has
preserved in the two known examples of the bird
Archaopteryx beautiful details of the structure of
the larger feathers concerned in flight. It has pre-
served many structures far more delicate. There is,
therefore, reason for believing that if the skin had
possessed any covering like one of those found in
existing vertebrate animals, it could scarcely have
escaped detection in the numerous undisturbed skele-
tons of Pterodactyles which have been examined.
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The absence of a recognisable covering to the skin
in a fossil state cannot be accepted as conclusive
evidence of the temperature, habits, or affinities of
the animal. Although Mammalia are almost en-
tirely clothed with dense hair, which has never been
found in a recognisable condition in a fossil state in
any specimen of Tertiary age, one entire order, the
Cetacea, show in the smooth hairless skins of Whales
and Porpoises that the class may part with the
typical characteristic covering without loss of tempera-
ture and without intelligible cause. That the absence
of hair is not due to the aquatic conditions of rivers
or sea is proved by other marine Mammals, like Seals,
having the skin clothed with a dense growth of hair,
which is not surpassed in any other order. The fine-
ness of the growth of hair in Man gives a superficial
appearance of the skin being imperfectly clothed,
and a similar skin in a fossil state might give the
impression that it was devoid of hair. There are
many Mammals in which the skin is scantily clothed
with hair as the animal grows old. Neither the
Elephant nor the Armadillo in a fossil state would be
likely to have the hair preserved, for the growth is
thin on the bony shields of the living Armadilloes.
Yet the difficulty need be no more inherent in the
nature of hair than in that of feathers, since the hair
of the Mammoth and Rhinoceros has been com-
pletely preserved upon their skins in the tundras of
Siberia, densely clothing the body. This may go
to show that the Pterodactyle possessed a thin
covering of hair, or, more probably, that hair
was absent. Since Reptiles are equally variable in
the clothing of the skin with bony or horny plates,
and in sometimes having no such protection, it may



142 DRAGONS OF S HBESA LR

not appear singular that the skin in Ornithosaurs has
hitherto given no evidence of a covering. From
analogy a covering might have been expected;
feathers of Birds and hair of Mammals are non-
conducting coverings suited to arrest the loss of heat.

With the evidence, such as it is, of resemblance of
Ornithosaurs to Birds in some features of respiration
and flight, a covering to the skin might have been
expected. Yet the covering may not be necessary
to a high temperature of the blood. Since Dr. John
Davy made his observations it has been known that
the temperature of the Tunny, above go° Fahrenheit,
is as warm as the African scaly ant-eater named the
Pangolin, which has the body more amply protected
by its covering. This illustration also shows that
hot blood may be produced without a four-celled
heart, with which it is usually associated, and that
even if the skin in Pterodactyles was absolutely
naked an active life and an abundant supply of blood
could have given the animal a high temperature.

The circumstance that in several individuals the
substance of the wing membrane is preserved would
appear to indicate either that it was exceptionally
stout when there would have been small chance of
resisting decomposition, or that its preservation is
due to a covering which once existed of fur or down
or other clothing substance, which has proved more
durable than the skin itself.
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CHAPTER XIII

ANCIENT ORNITHOSAURS FROM
LHE LIAS

UVIER’S discourse on the revolutions of the

Earth made the Pterodactyle known to English
readers early in the nineteenth century. Dr. Buck-
land, the distinguished professor of Geology at
Oxford, discovered in 1829 a far larger specimen in
the Lias of Lyme Regis, and it became known by a
ficure published by the Geological Society, and by the
description in his famous Bridgewater Treatise, p. 164.
This animal was tantalising in imperfect preservation.
The bones were scattered in the clay, so as to give no
idea of the animal’s aspect. Knowledge of its limbs
and body has been gradually acquired ; and now, for
some years, the tail and most parts of the skeleton
have been well known in this oldest and most
interesting British Pterodactyle.

Sir Richard Owen after some time separated the
fossil as a distinct genus, named Dimorphodon ; for
it was in many ways unlike the Pterodactyles de-
scribed from Bavaria. The name Dimorphodon indi-
cated the two distinct kinds of teeth in the jaws,
a character which is still unparalleled among Ptero-
dactyles of newer age. There are a few large pointed,
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piercing and tearing teeth in the front of the jaws,
with smaller teeth further back, placed among the
tearing teeth in the upper jaw; while in the lower
jaw the small teeth are continuous, close-set, and
form a fine cutting edge like a saw.

The Dimorphodon has a short beak, a deep head,
and deep lower jaw, which is overlapped by the cheek
bones. The side of the head is occupied by four
vacuities, separated by narrow bars of bone. First, in
front, is the immense opening for the nostril, triangular
in form, with the long upper side following the rounded
curve of the face. A large triangular opening inter-

FIG. 49. LEFT SIDE OF DIMORPHODON (RESTORED) AT REST

venes between the nose hole and the eye hole, scarcely
smaller than the former, but much larger than the
orbit of the eye. The eye hole is shaped like a kite
or inverted pear. Further back still is a narrower ver-
tical opening known as the lateral or inferior temporal
vacuity. The back of the head is badly preserved.
The two principal skulls differ in depth, probably
from the strains under which they were pressed flat
in the clay. A singular detail of structure is found
in the extremity of the lower jaw, which is turned
slichtly downward, and terminates in a short toothless
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point. The head of Dimorphodon is about eight inches
long.

The neck bones are of suitable stoutness and width
to support the head. The bones are yoked together
by strong processes. The neck was about 6 inches
long, did not include more than seven bones, and
appeared short owing only to the depth and size of
the head. The length of the backbone which sup-
ported the ribs was also about 6 inches. Its joints
are remarkably short when compared with those of
the neck. The tail is about 20 inches long,

The extreme length of the animal from the tip
of the nose to the end of the tail may have been
3 feet 4 inches, supposing it to have walked on all
fours in the manner of a Reptile or Mammal. This
may have been a common position, but Dimorpho-
don may probably also have been a biped. Before
1875, when the first restoration appeared in the
Tlustrated London News, the legs had been regarded
as too short to have supported the animal, standing
upon its hind limbs. They are here seen to be well
adapted for such a purpose. The upper leg bone is

1 inches long, the lower leg bone is 4} inches
long, and the singularly strong instep bones are
firmly packed together side by side as in a leap-
ing or jumping Mammal, and measure 1} inches
in length. Dimorphodon differs from several other
Pterodactyles in having the hind limb provided
with a fifth outermost short instep bone, to which
two toe bones are attached. These bones are elon-
gated in a way that may be compared, on a small
scale, with the elongation of the wing finger in the
fore limb. The digit was manifestly used in the same
way as the wing finger, in partial support of a flying

L
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membrane, though its direction may have been up-
ward and outward, rather than inward. There is no
evidence of a pulley joint between the metatarsal
and the adjacent phalange.

The height of the Dimorphodon, standing on its
hind legs in the position of a Bird, with the wings
folded upon the body in the manner of a Bird, was
about 20 inches, An ungainly, ill-balanced animal
in aspect, but not more so than many big-headed
birds, and probably capable of resting upon the instep
bones as many birds do. The chief peint of varia-
tion from the Pterodactyle wing is in the relative
length of the metacarpus in Dimorphodon. It is
shorter than the other bones in the wing, never
exceeding 11 inches. The total length of all
the arm bones down to the point where the meta-
carpus might have touched the ground, or where
the wing finger is bent upon it, is about g inches,
which gives a length of less than 6 inches below
the upper arm bone. The four bones of the wing
finger measure, from the point where the first bone
bends upon the metacarpus, less than 18 inches.
So that the wings could only have been carried
in the manner of the wings of a Bat, folded at the
side and directed obliquely over the back when the
animal moved on all fours, Its body would appear
to have been raised high above the ground, in a
manner almost unparalleled in Reptiles, and com-
parable to Birds and Mammals. Dimorphodon is to
be imagined in full flight, with the body extended
like that of a Bird, when the wings would have
had a spread from side to side of about 4 feet 4
inches. As in other animals of this group, the three
claws on the front feet are larger than the similar
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four claws on the hind feet; as though the fingers
might have functions in grasping prey, which were
not shared by the toes.

The restorations give faithful pictures of the skele-
ton, and the form of the body is built upon the indi-
cations of muscular structure seen in the bones.

A second English Pterodactyle is found in the
Upper Lias of Whitby. It is only known from
an imperfect skull, published in 1888. It has the
great advantage of preserving the bones in their
natural relations to each other, and with a length of
head probably similar to Dimorphodon shows that
the depth at the back of the eye was much less; and
the skull wants the arched contour of face seen in
Dimorphodon. The head has the same four lateral
vacuities, but the nostril is relatively small and elon-
cated, extending partly above the oval antorbital
opening, which was larger. There is thus a difference
of proportion, but it is precisely such as might result
from the species having the skull flatter. The head
is easily distinguished by the small nostril, which
is smaller than the orbit of the eye. The animal
is referred to another genus. The quadrate bones
which give attachment to the lower jaw send a process
inward to meet the bones of the palate, which differ
somewhat from the usual condition. Two bony rods
extend from the quadrate bones backward and up-
ward to the sphenoid, and two more slender bones
extend from the quadrate bones forward, and con-
verge in a V-shape, to define the division between
the openings of the nostrils on the palate. The
V-shaped bone in front is called the vomer, while
the hinder part is called pterygoid. The bones that
extend backward to the sphenoid are not easily iden-
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tified. This animal is one of the most interesting
of Pterodactyles from the very reptilian character
exhibited in the back of the head, which appears to
be different from other specimens, which are more
like a bird in that region. Yet underneath this
reptilian aspect, with the bony bar at the side of the
temporal region of the head formed by the squamosal
and quadrate bones, defining the two temporal vacui-
ties as in Reptiles, a mould is preserved of the
cavity once occupied by the brain, showing the chief
details of structure of that organ, and proving that
in so far as it departs from the brain of a Bird it
appears to resemble the brain of a Mammal, and is
unlike the brain of a Reptile.

The Pterodactyles from the Lias of Germany are
similar to the English types, in so far as they can be
compared. In 1878 I had the opportunity of study-
ing those which were preserved in the Castle at Banz,
which Professor Andreas Wagner, in 1860, referred to
the new genus Dorygnathus, The skull is unknown,
but the lower jaw, 6} inches long, is less than 2} inches
wide at the articulation with the quadrate bone in the
skull. The depth of the lower jaw does not exceed
1 inch, so that it is in marked contrast to Buckland’s
Dimorphodon. The symphysis, which completely
blends the rami of the jaw, is short. As far as it
extends it contains large tearing teeth, followed by
smaller teeth behind, like those of Dimorphodon.
But this German fossil appears to differ from the
English type in having the front of the lower jaw, for
about # inch, compressed from side to side into a
sharp blade or spear, more marked than in any
other Pterodactyle, and directed #upward instead of
downward as in Dimorphodon. Nearly all the
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measurements in the skeleton are practically identi-
cal with those of the English Dimorphodon, and
extend to the jaw, humerus, ulna and radius, wing
metacarpal, first phalange of the wing finger. The
principal bones of the hind limb appear to be a little
shorter ; but the scapula and coracoid are slightly
larger. All these bones are so similar in form to
Dimorphodon that they could not be separated from

FIG. §3. LOWER JAW OF DORYGNATHUS
SEEN FROM BELOW
From the Lower Lias of Germany, showing the spear in front

of the tooth sockets
the Lyme Regis species, if they were found in the
same locality.

Just as the Upper Lias in England has yielded a
second Pterodactyle, so the Upper Lias in Germany
has yielded a skeleton, to which Felix Plieninger, in
1894, gave the name Campylognathus. It is an in-
structive skeleton, with the head much smaller than
in Dimorphodon, being less than 6 inches long, but,
unfortunately, broken and disturbed. A lower jaw
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gives the length 4} inches. Like the other Ptero-
dactyles from the Lias, it has the extremity of the
beak toothless, with larger teeth in the region of the
symphysis in front and smaller teeth behind. The jaw
is deeper than in the Banz specimen from the Lower
Lias, but not so deep as in Dimorphodon. The teeth
of the upper jaw vary in size, and there appears to
be an exceptionally large tooth in the position of
the Mammalian canine at the junction of the bones
named maxillary and intermaxillary.

The nasal opening is small and elongated, as in the
English specimen from Whitby. As in that type
there is little or no indication of the convex contour
of the face seen in Dimorphodon.

The neck does not appear to be preserved. In the
back the vertebrze are about % inch long, so that
twelve, which is the usual number, would only occupy
a length of a little more than 3} inches. The tail is
elongated like that of Dimorphodon, and bordered
in the same way by ossified ligaments. There are
thirty-five tail vertebrie. Those which immediately
follow the pelvis are short, like the vertebre of the
back. But they soon elongate, and reach a maxi-
mum length of nearly 1} inches at the eighth, and
then gradually diminish till the last scarcely ex-
ceeds ¥ inch in length. The length of the tail is
about 22 inches; this appears to be an inch or
two longer than in Dimorphodon. The longest rib
measures 2} inches, and the shortest 2 inches. These
ribs probably were connected with the sternum, which
is imperfectly preserved.

The bones of the limbs have about the same length
as those of Dimorphodon, so far as they can be com-
pared, except that the ulna and radius are shorter.
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The wing metacarpal is of about the same length,
but the first phalange of the wing finger measures
61 inches, the second is about 8} inches, the third
6} inches, and the fourth 4% inches; so that the total
length of the wing finger was about half an inch short
of 2 feet. One character especially deserves attention
in the apparent successive elongation of the first three
phalanges in the wing finger in Dimorphodon. The
third phalange is the longest in the only specimen in
which the finger bones are all preserved. Usually the
first phalange is much longer than the second, so that

FI1G. §5. THE LEFT SIDE OF THE PELVIS OF DIMORIHODON
SHOWING THE TWO FPREPUBIC BONES

it is a further point of interest to find that this Ger-
man type shares with Dimorphodon a character of
the wing finger which distinguishes beth from some

members of the group by its short first phalange.
The pelvis is exceptionally strong in Campylo-
ognathus, and although it is crushed the bones mani-
festly met at the base of the ischium, while the pubic
bones were separated from each other in front, The
bones of the hind limb are altogether shorter in the
German fossil than in Dimorphodon, especially in
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the tibia ; but the structure of the metatarsus is just
the same, even to the short fifth metatarsal with its
two digits, only those bones are extremely short, in-
stead of being elongated as in Dimorphodon. It is
therefore convenient, from the different proportions
of the body, that Campylognathus may be separated
from Dimorphodon ; but so much as is preserved of
the English specimen from the Upper Lias of Whitby
rather favours the belief that our species should also
be referred to Campylognathus, which had not been
figured when the Whitby skull was referred to Scapho-
onathus by Mr. Newton. It may be doubtful whether
there is sufficient evidence to establish the distinct-
ness of the other German genus Dorygnathus, though
it may be retained pending further knowledge.

In these characters are grounds for placing the
Lias Pterodactyles in a distinct family, the Dimor-
phodontid®, as was suggested in 1870. This evidence
is found in the five metatarsal bones, of which four
are in close contact, the middle two being slightly
the longest, so as to present the general aspect of the
corresponding bones in a Mammal rather than a Bird.
Secondly, the very slender fibula, prolonged down the
length of the shin bone, which ends in a rounded
pulley like the corresponding bone of a Bird. Thirdly,
the great elongation of the third wing phalange.
Fourthly, the prolongation of the coracoid bone be-
yond the articulation for the humerus, as in a Bird.
And the toothless, spear-shaped beak, and jaw with
large teeth in front and small teeth behind, are also

distinctive characters.



CHAPTER XI1V

ORNITHOSAURS FROM THE
MIDDLE SECONDARY ROCKS

RHAMPHOCEPHALUS

HE Stonesfield Slate in England, which corre-

sponds in age with the lower part of the Great
or Bath Oolite, yields many evidences of terrestrial
life—land plants, insects, and mammals—preserved in
a marine deposit. A number of isolated bones have
been found of Pterodactyles, some of them indicating
animals of considerable size and strength. The
nature of the limestone was unfavourable to the pre-
servation of soft wing membranes, or even to the bones
remaining in natural association. Very little is known
of the head of Rhamphocephalus. One imperfect speci-
men shows a long temporal region which is wide, and
a very narrow interspace between the orbits; with a
long face, indicated by the extension of narrow
nasal bones. The lower jaw has an edentulous beak
or spear in front, which is compressed from side to
side in the manner of the lLiassic forms, but turned
upward slightly, as in Dorygnathus or Campylo-
gnathus. Behind this extremity are sharp, tall teeth,
few in number, which somewhat diminish in size as
they extend backward, and do not suddenly change
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to smaller series, as in the Lias genera. A few small
vertebra have been found, indicating the neck and
back. The sacrum consists of five vertebra. One
small example has a length of only an inch. It is
a little narrower behind than in front, and would be
consistent with the animal having had a long tail,
which I believe to have been present, although I
have not seen any caudal vertebrae. The early ribs
are like the early ribs of a Crocodile or Bird in the
well-marked double articulation. The later ribs
appear to have but one head. V-shaped abdominal
ribs are preserved. Much of the animal is unknown.
The coracoid seems to have been directed forward,
and, as in a bird, it is 2} inches long. The humerus
is 3} inches long, and the fore-arm measured 6
inches, so that it was relatively longer than in Dimor-
phodon. The metacarpus is 14 inches long. The
wing finger was exceptionally long and strong. Pro-
fessor Huxley gave its length at 29 inches. My own
studies lead to the conclusion that the first finger
bone of the wing was the shorter, and that although
they did not differ greatly in length, the second was
probably the longest, as in Campylognathus.
Professor Huxley makes the second and third
plalanges 7% inches long, and the first only about
¢ inch shorter, while the fourth phalange is 6} inches.
These measurements are based upon some specimens
in the Oxford University Museum. There is only
one first phalange which has a length of 7§ inches.
The others are between § and 6 inches, or but little
exceed 4 inches; so that as all the fourth phalanges
which are known have a length of 6} inches, it is
possible that the normal length of the first phalange
in the larger species was 5% inches. The largest
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of the phalanges which may be classed as second or
third is 8} inches, and that, I suppose, may have been
associated with the 7% inches first phalange. DBut
the other bones which could have had this position
all measure 5} and 7§ inches. The three species
indicated by finger bones may have had the measure-

ments :—

Phalanges of the wing finger
s

L 1L 111, Iv.
;i 8 g [?;] [ﬁf’J length of each bone
i& 1?; 5_ ‘L in inches.

The femur is represented by many examples—one
3% inches long, and others less than 3 inches long
(24%) In Campylognathus, which has so much in
common with the jaw and the wing bones in size,
the upper leg bone is 2% inches. Therefore if we
assign the larger femur to the larger wing, the femur
will be relatively longer in all species of Rhampho-
cephalus than in Campylognathus. Only one ex-
ample of a tibia is preserved. It is 3} inches long,
or only {4 inch shorter than the bone in Campylo-
gnathus, which has the femur 2% inches, so that I
refer the tibia of Rhamphocephalus to the species
which has the intermediate length of wing. These
coincidences with Campylognathus establish a close
affinity, and may raise the question whether the
Upper Lias species may not be included in the
Stonesfield Slate genus Rhamphocephalus.

The late Professor Phillips, in his Geology of Oxford,
attempted a restoration of the Stonesfield Ornitho-
saur, and produced a picturesque effect (p. 164); but
no restoration is possible without such attention to
the proportions of the bones as we have indicated.
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OXFORD CLAY

A few bones of flying reptiles have been found in
the Lower Oxford Clay near Peterborough, and others
in the Upper Oxford Clay at St. Ives, in Huntingdon-
shire. A single tail vertebra from the Middle Oxford
Clay, near Oxford, long since came under my own
notice, and shows that these animals belong to a
long-tailed type like Campylognathus. The cervical
vertebra are remarkable for being scarcely longer than
the dorsal vertebra ; and the dorsal are at least half
as long again as is usual, having rather the proportion
of bones in the back of a crocodile.

LITHOGRAPHIC SLATE

Long-tailed Pterodactyles are beautifully preserved
in the Lithographic Limestone of the south of Bavaria,
at Solenhofen, and the quarries in its neighbourhood,
often with the skeleton or a large part of it flattened
out in the plane of bedding of the rock. Fine skele-
tons are preserved in the superb museum at Munich,
at Heidelberg, Bonn, Haarlem, and London, and are
all referred to the genus Rhamphorhynchus or to
Scaphognathus, It is a type with powerfully de-
veloped wings and a long, stiff tail, very similar to
that of Dimorphodon, so that some naturalists refer
both to the same family. There is some resemblance.

The type which is most like Dimorphodon is the
celebrated fossil at Bonn, sometimes called Plerodac-
tylus crassivostris, which in a restored form, with a
short tail, has been reproduced in many text-books.
No tail is preserved in the slab, and I ventured to
give the animal a tail for the first time in a restora-
tion (p. 163) published by the /llustrated London News
in 1875, which accompanied a report of a Royal
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Institution lecture. Afterwards, in 1882, Professor
Zittel, of Munich, published the same conclusion.
The reason for restoring the tail was that the animal
had the head constructed in the same way as
Pterodactyles with a long tail, and showed differences
from types in which the tail is short; and there
is no known short-tailed Pterodactyle, with wrist
and hand bones, such as characterise this animal.
The side of the face has a general resemblance to
the Pterodactyles from the Lias, for although the
framework is firmer, the four apertures in the head
are similarly placed. The nostril is rather small and
elongated, and ascends over the larger antorbital
vacuity. The orbit for the eye is the largest opening
in the head, so that these three apertures successively
increase in size, and are followed by the vertically
elongated post-orbital vacuity. The teeth are widely
spaced apart, and those in the skull extend some
distance backward to the end of the maxillary bone.
There are few teeth in the lower jaw, and they corre-
spond to the large anterior teeth of Dimorphodon,
there being no teeth behind the nasal opening. The
lower jaw is straight, and the extremities of the
jaws met when the mouth was closed. The breast
bone does not show the keel which is so remarkable
in Rhamphorhynchus, which may be attributed to
its under side being exposed, so as to exhibit the
pneumatic foramina.

The ribs have double heads, more like those of a
Crocodile in the region of the back than is the case
with the bird-like ribs from Stonesfield. The second
joint in the wing finger may be longer than the first
—a character which would tend to the association of
this Pterodactyle with species from the Lias; a relation
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to which attention was first drawn by Mr. E. T. New-
ton, who described the Whitby skull.

The Pterodactyles from the Solenhofen Slate which
possess long tails have a series of characters which show
affinity with the other long-tailed types. The jaws are
much more slender. The orbit of the eye in Rhampho-
rhynchus is enormously large, and placed vertically
above the articulation for the lower jaw. Immediately
in front of the eye are two small and elongated open-
ings, the hinder of which, known as the antorbital
vacuity, is often slightly smaller than the nostril, which
is placed in the middle length of the head, or a little
further back, giving a long dagger-shaped jaw, which
terminates in a toothless spear. The lower jaw has
a corresponding sharp extremity. The teeth are
directed forward in a way that is quite exceptional.
Notwithstanding the massiveness and elongation of
the neck vertebra, which are nearly twice as long as
those of the back, the neck is sometimes only about
half the length of the skull.

All these long-tailed species from the Lithographic
Stone agree in having the sternum broad, with a long
strong keel, extending far forward. The coracoid
bones extend outward like those of a Crocodile, so
as to widen the chest cavity instead of being carried
forward as the bones are in Birds. These bones in this
animal were attached to the anterior extremity of the
sternum, so that the keel extended in advance of the
articulation as in other Pterodactyles. The breadth
of the sternum shows that, as in Mammals, the fore
part of the body must have been fully twice the
width of the region of the hip-girdle, where the
slenderer hind limbs were attached. The length
of the fore limb was enormous, for although the head
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suggests an immense length relatively to the body,
nearly equal to neck and back together, the head is
not more than a third of the length of the wing
bones. The wing bones are remarkable for the short
powerful humerus with an expanded radial crest,
which is fully equal in width to half the length of the
bone. Another character is the extreme shortness
of the metacarpus, usually associated with immense
strength of the wing metacarpal bone.

The hind limbs are relatively small and relatively
short. The femur is usually shorter than the humerus,
and the tibia is much shorter than the ulna. The
bones of the instep, instead of being held together
firmly as in the Lias genera, diverge from each other,
widening out, though it often happens that four of
the five metatarsals differ but little in length. The
fifth digit is always shorter.

The hip-girdle of bones differs chiefly from other
types in the way in which those bones, which have
sometimes been likened to the marsupial bones, are
conditioned. They may be a pair of triangular bones
which meet in the middle line, so that there is an
outer angle like the arm of a capital Y. Sometimes
these triangular bones are blended into a curved,
bow-shaped arch, which in several specimens appears
to extend forward from near the place of articulation
of the femur. This is seen in fossil skeletons at
Heidelberg and Munich. It is possible that this
position is an accident of preservation, and that the
prepubic bones are really attached to the lower
border of the pubic bones.

Immense as the length of the tail appears to be,
exceeding the skull and remainder of the vertebral
column, it falls far short of the combined length of the
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phalanges of the wing finger. The power of flight
was manifestly greater in Rhamphorhynchus than in
other members of the group, and all the modifica-
tions of the skeleton tend towards adaptation of the
animals for flying. The most remarkable modification
of structure at the extremity of the tail was made
known by Professor Marsh in a vertical, leaf-like
expansion in this genus, which had not previously
been observed (p. 161). The vertebra go on steadily
diminishing in length in the usual way, and then
the ossified structures which bordered the tail bones
and run parallel with the vertebra in all the Rham-
phorhynchus family, suddenly diverge downward and
upward at right angles to the vertebra, forming a
vertical crest above and a corresponding keel below ;
and between these structures, which are identified
with the neural spines and chevron bones of ordinary
vertebra, the membrane extends, giving the extremity
of the tail a rudder-like feature, which, from know-
ledge of the construction of the tail of a child’s kite,
may well be thought to have had influence in direct-
ing and steadying the animal’'s movements, There
are many minor features in the shoulder-girdle, which
show that the coracoid, for example, was becoming
unlike that bone in the Lias, though it still continues
to have a bony union with the elongated shoulder-
blade of the back.

The great German delineator of these animals, Von
Meyer, admitted six different species. Mr. Newton
and Mr. Lydekker diminish the number to four. It is
not easy to determine these differences, or to say how
far the differences observed in the bones characterise
species or genera. It is certain that there is one
remarkable difference from other and older Ptero-
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dactyles, in that the last or fourth bone in the wing
finger is usually slightly longer than the third bone,
which precedes it. There is a certain variability in
the specimens which makes discussion of their
characters difficult, and has led to some forms being
regarded as varieties, while others, of which less
material is available, are classed as species. I am
disposed to say that some of the confusion may
have resulted from specimens being wrongly named.

FIG. §7. RESTORATION OF THE SKELETON OF
SCAPHOGNATHUS CRASSIROSTRIS

Published in the [fifustrated London News in 1875.  In which a tail is
shown on the evidence of the structure of the head and hand
Thus, there is a Rhamphorhynchus called curti-
manus, or the form with the short hand. It is
represented by two types. One of these appears to
have the humerus short, the ulna and radius long,
and the finger bones long ; the other has the humerus
longer, the ulna much shorter, and the finger bones
shorter. They are clearly different species, but the
second variety agrees in almost every detail with
a species named hirundinaceus, the swallow-like
Rhamphorhynchus. This identification shows, not
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that the latter is a bad species, but that curtimanus
is a distinct species which had sometimes been con-
founded with the other. While most of these
specimens show a small but steady decrease in the
length of the several wing finger bones, the species
called Gemmingi has the first three bones absolutely
equal and shorter than in the species curtimanus,

& _mmr ]

-

FIG. §8. SIX RESTORATIONS

Ramphocephalus. Stonesfield Slate.  John Phillips, 1871
Rhamphorhynchus., . C. Marsh, 1882
Rhamphorhynchus. V. Zittel, 1882

Ornithostoma. Williston, 1897

Dimorphodon.,  Buckland, 1836. Tail then unknown
Ornithocheirus. H. . Seeley, 1865

e LTS L R

longimanus, or hirundinaceus. In the same way,
on the evidence of facts, I find myself unable to join
in discarding Professor Marsh’s species phyllurus,
on account of the different proportions of its limb
bones. The humerus, metacarpus, and third phalange
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of the wing finger in Rhamphoriynchus plyllurus
are exceptionally short as compared with other
species. Everyone agrees that the species called
longicaudus is a distinct one, so that it is chiefly in
slight differences in the proportions of constituent
parts of the skeleton that the types of the Rham-
phorhynchus are distinguished from each other.
[ cannot quite concur with either Professor Zittel
(Fig. 58, 3) or Professor Marsh (Fig. 58, 2) in the
expansion which they give to the wing membrane
in their restorations; for although Professor Zittel
represents the tail as free from the hind legs, while
Professor Marsh connects them together, they both
concur in carrying the wing membrane from the
tip of the wing finger down to the extremity of the
ankle joint. I should have preferred to carry it no
further down the body than the lower part of the
back, there being no fossil evidence in favour of this
extension so far as specimens have been described.
Neither the membranous wings figured by Zittel nor
by Marsh would warrant so much body membrane as
the Rhamphorhynchus has been credited with. I
have based my restoration (p. 161) of the skeleton
chiefly on Rhamphoriynciius pliyllurus.

THE SHORT-TAILED TYPES

The Pterodactylia are less variable; and the varia-
tion among the species is chiefly confined to relative
length of the head, length of the neck, and the
height of the body above the ground. The tail is
always so short as to be inappreciable. Many of the
specimens are fragmentary, and the characters of the
group are not easily determined without -careful
comparisons and measurements. The bones of the
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fore limb and wing finger are less stout than in
the Rhamphorhynchus type, while the femur is
generally a little longer than the humerus, and the
wing finger is short in comparison with its condition
in Rhamphorhynchus. These short-tailed Ptero-
dactyles give the impression of being active little
animals, having very much the aspect of birds, upon
four legs or two. The neck is about as long as the
lower jaw, the antorbital vacuity in the head is im-
perfectly separated from the much larger nasal open-
ing, the orbit of the eye is large and far back, the
teeth are entirely in front of the nasal aperture, and
the post-orbital vacuity is minute and inconspicuous.
The sternum is much wider than long, and no speci-
mens give evidence of a manubrium. The finger
bones progressively decrease in length. The pre-
pubic bones have a partially expanded fan-like form,
and never show the triradiate shape, and are never
anchylosed. About fifteen different kinds of Ptero-
dactyles have been described from the Solenhofen
Slate, mostly referred to the genus Pterodactylus,
which comprises forms with a large head and long
snout. Some have been placed in a genus (Orni-
thocephalus, or Ptenodracon) in which the head
is relatively short. The majority of the species
are relatively small. The skull in Ornithoceplhalus
brevirostris is only 1 inch long, and the animal
could not have stood more than 1} inches to its back
standing on all fours, and but little over 2} inches
standing as a biped, on the hind limbs.

A restoration of the species called Plerodactylus
scolopaciceps, published in 1875 in the [llustrated
London News in the position of a quadruped, shows
an animal a little larger, with a body 2} inches high
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and 6 to 7 inches long, with the wing finger 4} inches
long. Larger animals occur in the same deposit, and
in one named Plerodactylus grandis the leg bones
are a foot long ; and such an animal may have been
nearly a foot in height to its back, standing as a
quadruped, though most of these animals had the

FIG. §9. RESTORATION OF THE SKELETON OF
PTENODRACON BREVIROSTRIS

From the Solenhofen Slate. The fourth joint of the wing finger appears to
be lost and has not been restored in the figure. (WNatural size

neck flexible and capable of being raised like the
neck of a Goose or a Deer (p. 30), and bent down
like a Duck’s when feeding.

The type of the genus Pterodactylus is the form
originally described by Cuvier as Pterodactylus longi-
rostris (p. 28). It is also known as P. antiguus, that
name having been given by a German naturalist after
Cuvier had invented the genus, and before he had
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named the species. There are some remarkable
features in which Cuvier's animal is distinct from
others which have been referred to the same
genus. Thus the head is 4} inches long, while
the entire length of the backbone to the ex-
tremity of the tail is only 6} inches, and one
vertebra in the neck is at least as long as six in
the back, so that the animal has the greater part
of its length in the head and neck, although the
neck includes so few vertebrae. Nearly all the teeth
—which are few in number, short and broad, not
exceeding a dozen in either jaw—are limited to the
front part of the beak, and do not extend anywhere
near the nasal vacuity. This is not the case with all.

In the species named P. Kock:, which I have re-
carded as the type of a distinct genus, there are
large teeth in the front of the jaw corresponding to
those of Pterodactylus, and behind these a smaller
series of teeth extending back under the nostril,
which approaches close to the orbit of the eye,
without any indication of a separate antorbital
vacuity. On those characters the genus Diope-
cephalus was defined. It is closely allied to Ptero-
dactylus ; both agree in having the ilium prolonged
forward more than twice as far as it is carried back-
ward, the anterior process covering about half a
dozen vertebra, as in Plerodactylus longirostris. A
oreat many different types have been referred to
Pterodactylus Kocki, and it is probable that they
may eventually be distinguished from each other.
The species in which the upper borders of the orbits
approximate could be separated from those in which
the frontal interspace is wider.

It is a remarkable feature in these animals that
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the middle bones of the foot, termed instep bones
or metatarsals, are usually close together, so that
the toes diverge from a narrow breadth, as in /7.
longirostris, P. Kocki, and other forms; but there
also appear to be splay-footed groups of Ptero-
dactyles like the species which have been named
P. elegans and P. micronyx, in which the metatarsus
widens out so that the bones of the toes do not
diverge, and that condition characterises the Pteno-
dracon (Pterodactylus brevirostris), to which genus
these species may possibly be referred. Nearly all
who have studied these animals regard the singu-
larly short-nosed species . brevirestris as forming a
separate genus. For that genus Sommerring’s de-
scriptive name Ornithocephalus, which he used for
Pterodactyles generally, might perhaps have been
retained. But the name Ptenodracon, suggested by
Mr. Lydekker, has been used for these types.

Some of the largest specimens preserved at Stutt-
cart and Tiibingen have been named Pterodactylus
suevicus and P, Fraasit. They do not approach the
species . grandis in size, so far as can be judged
from the fragmentary remains figured by Von Meyer;
for what appears to be the third phalange of the
wing finger is 74 inches long, while in these species
it is less than half that length, indicating an enor-
mous development of wing, relatively to the length
of the hind limb, which would probably refer the
species to another genus. Plerodactylus suevicus
differs from the typical Pterodactyles in having a
rounded, flattened under surface to the lower jaw,
instead of the common condition of a sharp keel
in the region of the symphysis. The beak also seems
flattened and swan-like, and the teeth are limited to
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the front of the jaw. There appear to be some
indications of small nostrils, which look upward like
the nostrils of Rhamphorhynchus, but this may be
a deceptive appearance, and the nostrils are large
lateral vacuities, which are in the position of ant-
orbital vacuities, so that there would appear to be
only two vacuities in the side of the head in these

. -wa
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FIG., 62. CYCNORMHAMPHUS SUEVICUS

Skeleton restored from the bones in Fig. 6o

animals. The distinctive character of the skeleton in
this genus is found in the extraordinary length
of the metacarpus and in the complete ossification
of the smaller metacarpal bones throughout their
length. The metacarpal bones are much longer than
the bnnes of the fore-arm, and about twice the length
of the humerus. The first wing phalange is much
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SHOWIXNG THE LIMBS ON THE RIGHT SIDE

Frowe a specimen in e Wiesense at Stuttyart









FIG. 64. CVCNORHAMPHUS FRAASI

REESTORATION OF THE FOEM OF THE BOLY
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longer than the others, which successively and rapidly
diminish in length, so that the third is half the length
of the first. There are differences in the pelvis; for
the anterior process of the ilium is very short, in com-
parison with its length in the genus Pterodactylus.
And the long stalk of the prepubic bone with its great
hammer-headed expansion transversely in front gives
those bones a character unlike other genera, so that
Cycnorhamphus ranks as a good genus, easily distin-
cguished from Cuvier’s type, in which the four bones
of the wing are more equal in length, and the last is
more than half the length of the first; while the
metacarpus in that genus is only a little longer than
the humerus, and much shorter than the ulna. The
Pterodactylus suevicus has the neck vertebra flat on
the under side, and relatively short as compared
with the more slender and narrower vertebra of
P. Fraasii.



CHAPTER XV

ORNITHOSAURS FROM THE UPPER
SECONDARY ROCKS

HEN staying at Swanage, in Dorsetshire, many

years ago, I had the rare good fortune to ob-
tain from the Purbeck Beds the jaw of a Pterodactyle,
which had much in common in plan with the Cyeno-
rleamphus Iraasit from the Lithographic Slate, which
is preserved at Stuttgart. The tooth-bearing part of
this lower jaw is 8 inches long as preserved, extending
back 3 inches beyond the symphysis portion in which
the two sides are blended together. It is different
from Professor Fraas’s specimen in having the teeth
carried much further back, and in the animal being
nearly twice as large. This fragment of the jaw is
little more than 1 foot long, which is probably less
than half its original length. A vertebra nearly
5 inches long, which is more than twice the length
of the longest neck bones in the Stuttgart fossil, 1s
the only indication of the vertebral column. Pro-
fessor Owen described a wing finger bone from these
Purbeck Beds, which is nearly 1 foot long. He terms
it the second of the finger. It may be the third, and
on the hypothesis that the animal had the proportions
of the Solenhofen fossil just referred to, the first wing

172
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finger bone of the English Purbeck Pterodactyle
would have exceeded 2 feet in length, and would
give a length for the wing finger of about 5 feet
3 inches. For this animal the name Doratorhynchus
was suggested, but at present I am unable to dis-

FIG, 65. THE LONGEST KNOWN NECK VERTEEBRA
From the Purbeck Beds of Swanage. (Half natural size)

tinguish it satisfactorily from Cycnorhamphus, which
it resembles in the forms both of the neck bones and
of the jaw. Very small Pterodactyles are also found
in the English Purbeck strata, but the remains are
few, and scattered, like these larger bones.

ORNITHODESMUS LATIDENS

The Wealden strata being shallow, fresh-water
deposits might have been expected to supply better
knowledge of Pterodactyles than has hitherto been

Fromnt

Seen from
III.:! (i}

jack

FIG. 6% CERVICAL VERTEERA OF ORNITHODESMUS

From the Wealden Beds of the Isle of Wight
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available. Jaws of Ornithocheirus sagittirostris have
been found in the beds at Hastings, and in other
parts of Sussex. Some fragments are as large as
anything known. The best-preserved remains have
come from the Isle of Wight, and were rewards to
the enthusiastic search of the Rev, W, Fox, of Brixton.
In the principal specimen the teeth were short and
wide, the head large and deep with large vacuities,
but the small brain case of that skull is bird-like.
The neck bones are 2} inches long. In the upper
part of the back the bones are united together by
anchylosis, so that they form a structure in the back
like a sacrum, which does not give attachment to the
scapula, as in some Pterodactyles from the Chalk, but
the bones are simply blended, as in the frigate-bird,
allied to Pelicans and Cormorants. And then after a
few free vertebra in the lower part of the back, succeeds
the long sacrum, formed in the usual way, of many
vertebrae, I described a sacrum of this type from the
Wealden Beds, under the name Ornithodesmus, refer-
able to another species, which in many respects was
so like the sacrum of a Bird that I could not at the
time separate it from the bird type. This genus has
a sternum with a strong deep keel, and the articula-
tion for the coracoid bones placed at the back of the
keel in the usual way, but with a relation to each
other seen in no genus hitherto known, for the
articular surfaces are wedge-shaped instead of being
ovate ; and instead of being side by side, they ob-
liquely overlap, practically as in wading birds like the
Heron. I have never seen any Pterodactyle teeth so
flattened and shaped like the end of a lancet; and
from this character the form was known between
Mr. Fox and his friends as “latidens.” The name
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Ornithodesmus is as descriptive of the sternum as of
the vertebral column. The wing bones, as far as
they are preserved, have the relatively great strength

FIG. 67. STERNUM OF ORNITHODESMUS

Showing the overlapping facets for the coracoid bones (shaded)
behind the median keel

in the fore limb which is found in many of the Ptero-
dactyles of the Cretaceous period, and are quite as
large as the largest from the Cambridge Greensand.

e __.-r"'._‘"\,\

F1G. 68. FRONT OF THE KEEL OF THE STERNUM OF
ORNITHODESMUS LATIDENS

Showing also the articulation for the coracoid bone

In the Sussex species named 2. sagittirostris the
lower jaw articulation was inches wide.
A few Pterodactyles’ bones have been discovered
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in the Neocomian sands of England and Germany,
and other larger bones occur in the Gault of Folke-
stone and the north of France; but never in such
association as to throw light on the aspect of the
skeleton.

ORNITHOCHEIRUS

Within my own memory Pterodactyle remains
were equally rare from the Cambridge Greensand.
The late Professor Owen in one of his public lectures
produced the first few fragments received from
Cambridge, and with a knowledge which in its
scientific method seemed to border on the power of
creation, produced again the missing parts, so that
the bones told their story, which the work of waves
and mineral changes in the rock had partly ob-
literated. Subsequently good fortune gave me the
opportunity during ten years to help my University
in the acquisition and arrangement of the finest
collection of remains of these animals in Europe.
Out of an area of a few acres, during a year or two,
came the thousand bones of Ornithosaurs, mostly
associated sets of remains, each a part of a separate
skeleton, described in my published catalogues, as
well as the best of those at York and in the British
Museum and other collections in London.

The deposit which yields them, named Cambridge
Greensand, may or may not represent a long period
of time in its single foot of thickness ; but the abund-
ance of fossils, obtained whenever the workmen were
adequately remunerated for preserving them, would
suggest that the Pterodactyles might have lived
like sea-birds or in colonies like the Penguins, if
it were not that the number of examples of each
species found is always small, and the many variations
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of structure suggested rather that the individuals
represent the life of many lands. The collections of
remains are mostly from villages in the immediate
vicinity of Cambridge, such as Chesterton, Hunting-
don Road, Coldham Common, Haslingfield, Barton,
Shillington, Ditton, Granchester, Harston, Barring-
ton, stretching south to Ashwell in Bedfordshire on
the one hand, as well as further north by Horning-
sea into the fens. Each appears to be the associated
bones of a single individual. The remains mostly
belong to comparatively large animals. Some were
small, though none have been found so diminutive
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FIG. ﬁg. RESTORATION OF THE SKULL OF ORNITHOCHEIRUS

The parts left white are in the Geological Museum at Cambridge. The shaded
parts have not been found. The two holes are the eye and the nostril

(From the Cambridge Greensand)

as the smallest from the Solenhofen Slate. The
largest specimens with long jaws appear to have
had the head measuring not more than eighteen
inches in length, which is less than half the size of
the great toothless Pterodactyles from Kansas.
The Cambridge specimens manifestly belong to at
least three genera. Something may be said of the
characters of the large animals which are included in
the genus Ornithocheirus. These fossils have many
points of structure in common with the great
American toothless forms which are of similar geo-

logical age. The skull is remarkable for having the
N
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back of the head prolonged in a compressed median
crest, which rose above the brain case, and extended
upward and over the neck vertebra, so as to indicate
a muscular power not otherwise shown in the group.
For about three inches behind the brain this wedge
of bone rested on the vertebra, and probably over-
lapped the first three neural arches in the neck.

Another feature of some interest is the expansion
of the bone which comes below the eye. In Birds
this malar or cheek bone is a slender rod, but in
these Pterodactyles it is a vertical plate, which is
blended with the bone named the quadrate bone,
which makes the articulation with the lower jaw in
all oviparous animals.

The beak varies greatly in length and in form,
though it is never quite so pointed as in the American
ogenus, for there is always a little truncation in front,
when teeth are seen projecting forward from a posi-
tion somewhat above the palate; the snout is often
massive and sometimes club-shaped. Except for these
variations of shape in the compressed snout, which is
characterised by a ridge in the middle of the palate,
and a corresponding groove in the lower jaw, and
the teeth, there is little to distinguish what is known
of the skull in its largest English Greensand fossils
from the skull remains which abound in the Chalk
of Kansas.

This English genus Ornithocheirus, represented by
a great number of species, had the neural arch of
the neck bones expanded transversely over the body
of the vertebra in a way that characterises many
birds with powerful necks, and is seen in a few
Pterodactyles from Solenhofen.

It is difficult to resist the conclusion that the neck
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vertebrae were not usually more than twice to three
times as long as those of the back, and it would
appear that the caudal vertebrze in the English
Cretaceous types were comparatively large, and
about twice as long as the dorsal vertebrae. Unless
there has been a singular succession of accidents in
the association of these vertebrae with the other re-
mains, Ornithocheirus had a tail of moderate length,
formed of a few vertebrae as long as those of the
neck, though more slender, quite unlike the tail in
either the long-tailed or short-tailed groups of Solen-

Pneumatic
foramen

Front

FIG., 70. CERVICAL VERTEBRA, ORNITHOCHEIRUS
Under side, half natural size. (Cambridge Greensand)

hofen Pterodactyles, and longer than in the tooth-
less Pterodactyles of America.

The singular articulation for the humerus at the
truncated extremity of the coracoid bone is a
character of this group, as is the articulation of the
scapula with the neural arches of the dorsal vertebrza,
at right angles to them (p. 115), instead of running
over the ribs as in Birds and as in other Pterodactyles.

The smaller Pterodactyles have their jaws less com-
pressed from side to side. The upper arm bone, the
humerus, instead of being truncated at its lower end
as in Ornithocheirus, is divided into two or three
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rounded articular surfaces. That for the radius, the
bone which carries the wrist, is a distinct and oblique
rounded facet, while the ulna has a rounded and
pulley-like articulation on which the hand may rotate.
These differences are probably associated with an
absence of the remarkable mode of union of the
scapul®e with the dorsal vertebr®. But 1 have
hesitated to give different names to these smaller
ogenera because no example of scapula has come
under my notice which is not truncated at the free
end. I do not think this European type can be

FIG. 7I. UPPER AND LOWER JAWS OF AN ENGLISH PTERODACTYLE
FROM THE CHALK, AS PRESERVED

the Nyctodactylus of Professor Marsh, in which
sutures appear to be persistent between the bodies
of the vertebra and their arches, because no examples
have been found at Cambridge with the neural arches
separated, although the scapula is frequently separated
from the coracoid in large animals.

ORNITHOSTOMA

The most interesting of all the English Ptero-
dactyle remains is the small fragment of jaw figured by
Sir Richard Owen in 1859, which is a little more than
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two inches long and an inch wide, distinguished by a
concave palate with smooth rounded margins to the
jaws and a rounded ridge to the beak. It is the only
satisfactory fragment of the animal which has been
figured, and indicates a genus of toothless Pterodac-
tyles, for which the name Ornithostoma was first used
in 1871. After some years Professor Marsh found
toothless Pterodactyles in Kansas, and indicated
several species. There are remains to the number of
six hundred specimens of these American animals in

Transverse section
of the jaw of
Ornithostoma

Palate of
Ornithostoma

-
-
——

FIG, 72, THE PALATE OF THE ENGLISH TOOTHLESS
PTERODACTYLE, ORNITHOSTOMA

the Yale Museum alone; but very little was known ot
them till Professor Williston, of Lawrence, in Kansas,
described the specimens from the Kansas University
Museum, when it became evident that the bones of
the skeleton are mostly formed on the same plan
as those of the Cambridge Greensand genus, Ornitho-
cheirus. They are not quite identical. Professor
Williston adopts for them the name Ornithostoma,
in preference to Pteranodon which Marsh had
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suggested. Both animals have the dagger-shaped form
of jaw, with corresponding height and breadth of the
palate. The same flattened sides to the snout, con-
verging upwards to a rounded ridge, the same com-
pressed rounded margin to the jaw, which represents
the border in which teeth are usually implanted, and
in both the palate has the same smooth charac;er

Palate and back
of head seen
from below

Skull seen
from above

F1G. 73. TYPES OF THE AMERICAN TOOTHLESS
PTERODACTYLE, ORNITHOSTOMA
Named by Marsh, Pteranodon

forming a single wide concave channel. Years pre-
viously I had the pleasure of showing to Professor
Marsh the remarkable characters of the jaw, shoulder-
girdle bones, and scapul® in the Greensand Ptero-
dactyles while the American fossils were still undis-
covered. I subsequently made the restoration of the
shoulder-girdle (p. 115). Professor Williston states to
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me that the shoulder-girdle bones in American ex-
amples of Ornithostoma have a close resemblance to
those of Ornithocheirus figured in 1891, as is evident
from remains now shown in the British Museum. It
appears that the Kansas bones are almost invariably
crushed flat, so that their articular ends are distorted.
The neck vertebra are relatively stout as in Ornitho-
cheirus. The hip-girdle of the American Ornitho-
stoma can be closely paralleled in some English
specimens of Ornithocheirus, though each prepubic
bone is triangular in the American fossils as in
P. vhamphastinus. They are united into a transverse

FIG. 74. RESTORATION OF THE SKELETON OF
ORNITHOSTOMA INGENS [MARSH)
From the Niobrara Cretaceous of Western Kansas. Made by Professor Williston,
The original has a spread of wing of about 1g feet 4 inches. Fragments of
larger individuals are preserved at Munich

bar as in Rhamphorhynchus, unknown in the English
fossils. The femur has the same shape as in Orni-
thocheirus; and the long tibia terminates in a pulley.
There is no fibula. The sternum in both has a
manubrium, or thick keel mass, prolonged in front
of its articular facets for the coracoid bones, which
are well separated from each other. Four ribs
articulate with its straight sides. The animal has
four toes and the fifth is rudimentary; there are no
claws to the first and second.
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In the restoration which Professor Williston has
made the wing metacarpal is long, and in the shortest
specimen measures I foot 7 inches, and in the longest
I foot 8 inches. This is exactly equal to the length
of the first phalange of the wing finger. The second
wing finger bone is 3 inches shorter, the third is little
more than half the length of the first, while the fourth
is only 6§ inches long, showing a rapid shortening of
the bones, a condition which may have character-
ised all the Cretaceous Pterodactyles. The short
humerus, about 1 foot long, and the fore-arm, which
is scarcely longer, are also characteristic proportions
of Ornithostoma or Pteranodon, as known from the
American specimens. Professor Williston gives no
details of the remarkable tail, beyond saying that the
tail 1s small and short, and that the vertebre are flat
at the ends, without transverse processes. In the re-
storation the tail is shorter than in the short-tailed
species from the Lithographic Slate, and unlike the
tail in Ornithocheirus,

This is the succession of Pterodactyles in geolo-
gical time. Their history is like that of the human
race. In the most ancient nations man's life comes
upon us already fully organised. The Pterodactyles
begin, so far as isolated bones are concerned, in the
Rhetic strata; perhaps in the Muschelkalk or middle
division of the Trias. And from the beginning
of the Secondary time they live on with but little
diversity in important and characteristic structures,
and so far as habit goes, the great Pterodactyles
of the Upper Chalk of England cannot be said to
be more highly organised than the earlier stiff-tailed
genera of the Lias or the Oolites. There is nothing
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like evolution. No modification such as that which
derives the one-toed horse or the two-toed ox from
ancestors with a larger number of digits. On the
other hand, there is little, if any, evidence of de-
generation. The later Pterodactyles do not appear
to have lost much, although the tail in some of the
Solenhofen genera may be degenerate when com-
pared with the long tail of Dimorphodon; but the
short-tailed types are found side by side with the
long-tailed Rhamphorhynchus. The absence of teeth
may be regarded as degeneration, for they have
presumably become lost, in the same way that Birds
now existing have lost the teeth which characterised
the fossil birds—Ichthyornis of the American Green-
sand, and Archaopteryx of the Upper Oolites of
Bavaria. But just as some of the earlier Pterodac-
tyles have no teeth at the extremity of the jaw, such
as Dorygnathus and Rhamphorhynchus, so the loss
of teeth may have extended backward till the jaws
became toothless. The specimens hitherto known
give no evidence of such a change being in progress.
But just as the divison of Mammals termed Edentata
usually wants only the teeth which characterise the
front of the jaw, yet others, like the Great Ant-eater
of South America named Myrmecophaga, have the
jaws as free from teeth as the toothless Pterodactyles
or living Birds, and show that in that order the teeth
have no value in separating these animals into sub-
ordinate groups any more than they have among the
Monotremata, where one type has teeth and the other
is toothless.
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The following table gives a summary of the Geo-
logical History and succession in the Secondary
Rocks of the principal genera of Flying Reptiles.

GEOLOGICAL FOEMATIONS.

Upper Chalk

Lower Chalk
Upper Greensand
Gault

Lower Greensand
Wealden .
Purbeck .

Portland . . =
Kimeridge Clay and
Solenhofen Slate
Coralline Oolite .
Oxford Clay

Great Qolite and
Stonesfield Slate
Inferior QOolite

e

Upper Lias
Lower Lias

Rhaetic

Muschelkalk

NAMES OF THE GENERA.

British and European.

North American.

Ornithostoma

: }Umithncheirus

Ornithodesmus
Doratorhynchus

Pterodactylus
Ptenodracon

| | Cycnorhamphus

Diopecephalus
Rhamphorhynchus
Scaphognathus

Rhamphocephalus

| Campylognathus

* '\ Dorygnathus

Dimorphodon

. bones

? bones

( Peranodon)

Ornithostoma
Nyctodactylus




CHAPTER XVI

CLASSIFICATION OF THE
ORNITHOSAURIA

HEN an attempt is made to determine the

place in nature of an extinct group of animals
and the relation to each other of the different types
included within its limits, so as to express those facts
in a classification, attention is directed in the first
place to characters which are constant, and persist
through the whole of its constituent genera. We
endeavour to find the structural parts of the skeleton
which are not affected by variation in the dentition,
or the proportions of the extremities, or length of
the tail, which may define families or genera, or
species.

It has already been shown that while in many
ways the Ornithosaurian animals are like Birds, they
have also important resemblances to Reptiles. They
are often named Pterosauria. The wing finger gives
a distinctive character which is found in neither one
class of existing animals nor the other, and is common
to all the Pterodactyles at present known. They have
been named Ornithosauria as a distinct minor division
of back-boned animals, which may be regarded as
neither Reptiles nor Birds in the sense in which those

187
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terms are used to define a Lizard or Ostrich among
animals which still exist. It is not so much that they
mark a transition from Reptile to Bird, as that they
are a group which is parallel to Birds, and more
manifestly holds an intermediate place than Birds do
between Reptiles and Mammals. In plan of structure
Bird and Reptile have more in common than was
at one time suspected. The late Professor Huxley
went so far as to generalise on those coincidences
in parts of the skeleton, and united Birds and Reptiles
into one group, which he named Sauropsida, to ex-
press the coincidences of structure between the Lizard
and the Bird tribes. The idea is of more value than
the term in which it is expressed, because Reptiles
are not, as we have seen, a group of animals which
can be defined by any set of characters as compre-
hensive as those which express the distinctive features
of Birds. From the anatomist’s point of view Birds
are a smaller group, and while some Reptiles have
affinity with them, it is rather the extinct than the
living groups which indicate that relation. Other
Reptiles have affinities of a more marked kind with
Mammals, and there are points in the Ornithosaurian
skeleton which are distinctly Mammalian. So that
when the Monotreme Mammals are united with
South African reptiles known as Theriodontia, which
resemble them, in a group termed Theropsida to
express their mammalian resemblances, it is evident
that there is no one continuous chain of life or grada-
tion in complexity of structure of animals.

We have to determine whether the Ornithosauria in-
cline towards the Sauropsidan or Bird-Reptile alliance,
or to the Mammal-Reptile or Theropsidan alliance.
There can be no doubt that the predominant ten-
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dency is to the former, with a minor affinity towards
the latter.

The Ornithosauria are one of a series of groups
of animals, living and extinct, which have been
combined in an alliance named the Ornithomorpha.
That group includgs at least five great divisions
of animals, which circle about birds, known as
Ornithosauria, Crocodilia, Saurischia, Aves, Ornith-
ischia, and Aristosuchia. Their relations to each other
are not evident in an enumeration, but may be shown
in some degree in a diagram (see p. 190).

THE ORNITHOMORPHA

The Ornithomorpha arranged in this way show
that the three middle groups—carnivorous Saurischia,
Aristosuchia, herbivorous Ornithischia—which are
usually united as Dinosauria, intervene between
Birds and Ornithosaurs; and that the Crocodilia
and Ornithosauria are parallel groups which are con-
nected with Birds, by the group of Dinosaurs, which
resembles Birds most closely.

The Ornithomorpha is only one of a series of large
natural groups of animals into which living and
extinct terrestrial vertebrata may be arranged. And
the succeeding diagram may contribute to make
evident the relations of Ornithosauria to the other
terrestrial vertebrata (see p. 191).

Herein it is seen that while the Ornithomorpha
approach towards Mammalia through the Ornitho-
sauria, and less distinctly through the Crocodilia,
they approach more directly to the Sauromor-
pha, through the Plesiosaurs and Hatteria; while
that group also approaches more directly to the
Mammals through the Plesiosaurs and Anomodonts.
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DIAGRAM OF THE AFFINITIES OF THE ORDERS OF ANIMALS
COMPRISED IN THE ORNITHOMORPHA.

Crocodilia

Ornithosauria

After a diagram in the Philosophical Transactions o the
Royal Society, 1892,

The Aristosuchia is imperfectly known, and there-
fore to some extent a provisional group. It is a
small group of animals.
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DIAGRAM SHOWING THE RELATIONS OF THE ORNITHOMORPHA
TO THE CHIEF LARGE GROUPS OF TERRESTRIAL VERTEBRATA,
AND THEIR AFFINITIES WITH EACH OTHER,

WA

Cordylomorpha | Sauromorpha

Ornithomorpha

Herpetomorpha

After a diagram in the Philosoplical Transactions of the
Royal Seciety, 1892,

Cordylomorpha are Ichthyosaurs and the Laby-
rinthodont group. Herpetomorpha include Lacer-
tilia, Homceosauria, Dolichosauria, Chameleonoidea,
Ophidia, Pythonomorpha.
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The Sauromorpha comprises the groups of extinct
and living Reptiles named Chelonia, Rhynchocephala,
Sauropterygia, Anomodontia, Nothosauria, and Pro-
torosauria. These details may help to explain the
place which has been given to the Ornithosauria in
the classification of animals.

Turning to the Pterodactyles themselves, Von
Meyer divided them naturally into short-tailed and
long-tailed. The short-tailed indicated by the name
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Ptenodracon Dimorphodon
Pterodactylus Rhamphorhynchus
Scaphognathus Ornithostoma (Pteranodon)

FIG. 75. COMPARISON OF SIX GENERA
The skulls are seen on the left side in the order of the names below them

Pterodactylus he further divided into long-nosed and
short-nosed. The short-nosed genus has since been
named Ptenodracon (Fig. 59, p. 167). The long-
tailed group was divided into two types—the Rham-
phorhynchus of the Solenhofen Slate (Fig. 56, p. 161)
and the English form now known as Dimorphodon
(Fig. 52, p. 150), which had been described from the
Lias.

The Cretaceous Pterodactyles form a distinct
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family. So that, believing the tail to have been short
in that group (Fig. 58), there are two long-tailed as
well as two short-tailed families, which were defined
from their typical genera Pterodactylus, Ornitho-
cheirus, Rhamphorhynchus, and Dimorphodon.

The differences in structure which these animals
present are, first : the big-headed forms from the Lias
like Dimorphodon, agree with the Rhamphorhynchus
type from Solenhofen in having a vacuity in the skull
defined by bone, placed between the orbit of the eye
and the nostril. With those characters are correlated
the comparatively short bones which correspond to
the back of the hand termed metacarpals, and the
tail is long, and stiffened down its length with ossi-
fied tendons, These characters separate Ornithosaurs
with long tails from those with short tails.

The short-tailed types represented by Pterodactylus
and Ornithocheirus have no distinct antorbital vacuity
in the skull defined by bone. The metacarpal bones
of the middle hand are exceptionally elongated, and
the tail, which was flexible in both, appears to have
been short. These differences in the skeleton warrant
a primary division of flying reptiles into two principal
groups.

The short-tailed group, which was recognised by
De Blainville as intermediate between Birds and
Reptiles, may take the name Pterodactylia, which
he suggested as a convenient, distinctive name. It
may probably be inconvenient to enlarge its signific-
ance to comprise not only the true Pterodactyles
originally defined as Pterosauria, but the newer
Ornithostoma and Ornithocheirus which have been
grouped as Ornithocheiroidea.

The second order, in which the wing membrane
s)
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appears to have had a much greater extent, in being
carried down the hind limbs, where the outermost
digit and metatarsal are modified for its support, has
been named Pterodermata, to include the types
which are arranged around Rhamphorhynchus and
Dimorphodon.

Both these principal groups admit of subdivision
by many characters in the skeleton, the most remark-
able of which is afforded by the pair of bones carried
in front of the pubes, and termed prepubic bones.
In the Pterodactyle family the bones in front of the
pubes are always separate from each other, always
directed forward, and have a peculiar fan-shaped
form with concave sides like the bone which holds a
similar position in a Crocodile. In the Ornithocheirus
family the prepubic bones appear to have been ori-
oginally triangular, but were afterwards united so as
to form a strong continuous bar which extends trans-
versely across the abdomen in advance of the pubic
bones. This at least is the distinctive character in the
cgenus Ornithostoma according to Professor Williston,
which in many ways closely resembles Ornithocheirus.

The two families in the long-tailed order named
Pterodermata are separated from each other by a
similar difference in their prepubic bones. In Dimor-
phodon those bones are separate from each other,
and remain distinct through life, meeting in the
middle line of the body in a wide plate. On the
other hand, in Rhamphorhynchus the prepubic bones,
which are at first triangular and always slender,
become blended together into a slight transverse bar,
which only differs from that attributed to Ornitho-
stoma in its more slender bow-shaped form.

Thus if other characters of the skeleton are ig-
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nored and a classification based upon the structure of
the pelvis and prepubic bones, there would be some

Ilium

Ischium
Pubis

Prepubis

FIG. ?6+ LEFT SIDE OF PELVIS OF ORNITHOSTOMA
(After Williston)

oground for associating the long-tailed Rhampho-
rhynchus from the Upper Oolites which is losing the
teeth in the front of its jaw with the Cretaceous Orni-
thostoma, which has the teeth completely wanting ;
while the long-tailed Dimorphodon would come into
closer association with the short-tailed Pterodactylus.
The drum-stick bone or tibia in Dimorphodon, with
its slender fibula, like that of a Bird, also resembles
a Bird in the rounded and pulley-shaped terminal
end which makes the joint corresponding to the
middle of the ankle bones in man. The same con-
dition of a terminal pulley joint is found in the
Cretaceous Pterodactyles. But in the true Ptero-
dactyles and in Rhamphorhynchus there usually is
no pulley-shaped termination to the lower end of
the drum-stick, for the tarsal bones remain separate
from each other, and form two rows of ossifications,
showing the same differences as separate Dinosaurs
into the divisions which have been referred to, from
their Bird-like pelvis and tibio-tarsus, as Ornithischia
in the one case, and Saurischia in the other from
their bones being more like those of living Lizards.



CHAPTER XVII

FAMILY RELATIONS OFSPTER -
DACTYLES TO"ANIMALS WEHICH
LIVED WITH THEM

NOUGH has been said of the general struc-

ture of Pterodactyles and the chief forms which
they assumed while the Secondary rocks were accu-
mulating, to convey a clear idea of their relations
to the types of vertebrate animals which still survive
on the earth. We may be unable to explain the
reasons for their existence, and for their departure
from the plan of organisation of Reptiles and Birds.
But the evidence has not been exhausted which may
elucidate their existence. Sometimes, in problems of
this kind, which involve comparison of the details of
the skeleton in different animals, it is convenient to
imagine the possibility of changes and transitions
which are not yet supported by the discovery of
fossil remains. If, for example, the Pterodactyle be
conceived of as divested of the wing finger, which is
its most distinctive character, or that finger is supposed
to be replaced by an ordinary digit, like the three-
clawed digits of the hand which we have regarded
as applied to the ground, where, it may be asked,
would the animal type be found which approximates

196
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most closely to a Pterodactyle which had been thus
modified? There are two possible replies to such a
question, suggested by the form of the foot. Ior
the old Bird Archaopteryx has three such clawed
digits, but no wing finger. And some Dinosaurs also
have the hand with three digits terminating in claws,
which are quite comparable to the clawed digits of
Pterodactyles.

The truth expressed in the saying that no man by
taking thought can add a cubit to his stature is of
universal application in the animal world, in relation
to the result upon the skeleton of the exercise of a
function by the individual. Yet such is the relation
in proportions of the different parts of the animal to
the work which it performs, so marked is the evidence
that growth has extended in direct relation to use of
organs and active life, and that structures have become
dwarfed from overwork, or have wasted away from
disuse—seen throughout all vertebrate animals, that
we may fairly attribute to the wing finger some corre-
lated influence upon the proportions of the animal,
as a consequence of the dependence of the entire
economy upon each of its parts. Therefore if an
allied animal did not possess a wing finger, and did
not fly, it might not have developed the lightness of
bone, or the length of limb which Pterodactyles
pOssess.

The mere expansion of the parachute membrane
seen in so-called flying animals, both Mammals and
Reptiles, which are devoid of wings, is absolutely
without effect in modifying the skeleton. But when
in the Bat a wing structure is met with which may
be compared to a gigantic extension of the web foot
of the so-called Flying Frog, the bones of the fingers
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and the back of the hand elongate and extend under
the stimulus of the function of flight in the same
way as the legs elongate in the more active hoofed
animals, with the function of running. Therefore it
is not improbable that the limbs shared to some
extent in growth under stimulus of exercise which
developed the wing finger. And if an animal can be
found among fossils so far allied as to indicate a
possible representative of the race from which these
Flying Dragons arose, it might be expected to be at
least shorter legged, and possibly more distinctly
Reptilian in the bones of the shoulder-girdle which
support the muscles used in flight. It may readily
be understood that the kinds of life which were most
nearly allied to Pterodactyles are likely to have
existed upon the earth with them, and that flight was
only one of the modes of progression which became
developed in relation to their conditions of exist-
ence. The principal assemblage of terrestrial animals
available for such comparison is the Dinosauria. They
may differ from Pterodactyles as widely as the In-
sectivora among Mammals differ from Bats, but not
in a more marked way. Comparisons will show that
there are resemblances between the two extinct groups
which appeal to both reason and imagination.
Dinosaurs are conveniently divided by characters
of the pelvis first into the order Saurischia, which
includes the carnivorous Megalosaurus and the Cetio-
saurus, with the pelvis on the Reptile plan; and
secondly the order Ornithischia, represented by Igua-
nodon, with the pelvis on the Bird plan. It may be
only a coincidence, but nevertheless an interesting
one, that the characters of those two great groups of
reptiles, which also extend throughout the Secondary
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rocks, are to some extent paralleled in parts of the
skeleton of the two divisions of Pterodactyles. This
may be illustrated by reference to the skull, pelvis,
hind limb, and the pneumatic condition of the bones.

The Saurischian Dinosauria have an antorbital
vacuity in the side of the skull between the nasal
opening and the eye, as in the long-tailed Ornitho-
saurs named Pterodermata. In some of the older
genera of these carnivorous Dinosaurs of the Trias,

Anchisaurus

Dimorphodon

FIG. 77. COMPARISON OF THE SKULL OF THE
DINOSAUR ANCHISAURUS WITH THE
ORNITHOSAUR DIMORIPHODON

the lateral vacuities of the head are as large as in
Dimorphodon. But in some at least of the Iguano-
dont, or Ornithischian Dinosaurs, there is no ant-
orbital vacuity, and the side of the face in that
respect resembles the short-tailed Pterodactylia,
The skull of a carnivorous Dinosaur possesses teeth
which, though easily distinguished from those of
Pterodactyles, can be best compared with them. The
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most striking difference is in the fact that in the
Dinosaur the nostrils are nearly terminal, while in
the Pterodactyle they are removed some distance
backward. This result is brought about by growth
taking place, in the one case at the front margin of
the maxillary bone so as to carry the nostril forward,
and in the other case at the back margin of the pre-
maxillary bone. Thus an elongated part of the jaw
is extended in front of the nostril. Hence there is
a different proportion between the premaxillary and
maxillary bones in the two groups of animals, which
corresponds to the presence of a beak in a bird, and
its absence in living reptiles. It is not known whether
the extremity of the Pterodactyle’s beak is a single
bone, the intermaxillary bone, such as forms the
corresponding toothless part of the jaw in the South
African reptile Dicynodon, or whether it is made
by the pair of bones called premaxillaries which
form the extremity of the jaw in most Dinosaurs.
Too much importance may perhaps be attached
to such differences which are partly hypothetical,
because the extinct Ichthyosaurus, which has an ex-
ceptionally long snout, has the two premaxillary
bones elongated so as to extend backward to the
nostrils. A similar elongation of those bones is seen
in Porpoises, which also have a long snout; and the
bones are carried back from the front of the head to
the nostrils, which are sometimes known as blow-
holes. But the Porpoise has those premaxillary
bones not so much in advance of the bones which
carry teeth named maxillary, as placed in the inter-
space between them. The nostrils, however, are not
limited to the extremity of the head in all Dinosaurs.
If this region of the beak in Dimorphodon be com-
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pared with the corresponding part of a Dinosaur
from the Permian rocks, or Trias, the relation of the
nostril to the bones forming the beak may be better
understood.

In the sandstone of Elgin, usually named Trias, a
small Dinosaur is found, which has been named Orni-
thosuchus, from the resemblance of its head to that
of a Bird. Seen from above, the head has a remark-
able resemblance to the condition in Rhampho-
rhynchus, in the sharp-pointed beak and positions

Ornithosuchus
(After Newton)

FIG, 78. COMPARISON OF THE SKULL OF THE
DINOSAUR ORNITHOSUCHUS WITH THE
ORNITHOSAUR DIMORFHODON

of the orbits and other openings. In side view the
orbits have the triangular form seen in Dimorphodon,
and the preorbital vacuities are large, as in that genus,
while the lateral nostrils, which are smaller, are further
forward in the Dinosaur. The differences from Dimor-
phodon are in the articulation for the jaw being
carried a little backward, instead of being vertical as
in the Pterodactyle, and the bone in front of the
nose is smaller. Notwithstanding probable differences
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in the palate, the approximation, which extends to
the Crocodile-like vacuity in the lower jaw, is such
that by slight modification in the skull the differences
would be substantially obliterated by which the skull
of such an Ornithosaur is technically distinguished
from such a Dinosaur,

The back of the skull is clearly seen in the Whitby
Pterodactyle, and its structure is similar to the corre-
sponding part of such Dinosaurs as Anchisaurus or
Atlantosaurus, without the resemblance quite amount-
ing to identity, but still far closer than is the re-
semblance between the same region in the heads of
Crocodiles, Lizards, Serpents, Chelonians. Few of
these fossil Dinosaur skulls are available for com-
parison, and those differ among themselves. The
coincidences rather suggest a close collateral relation
than prove the elaboration of one type from the
other. They may have had a common ancestor.

The Trias rocks near Stuttgart have yielded Dino-
saurs as unlike Pterodactyles as could be imagined,
resembling heavily armoured Crocodiles, in such types
as the genus Belodon. Its jaws are compressed from
side to side, as in many Pterodactyles, and the nostrils
are at least as far backward as in Rhamphorhynchus.
Belodon has preorbital vacuities and postorbital vacui-
ties, but the orbit of the eye is never large, as in
Pterodactyles. It might not be worth while dwelling
on such points in the skull if it were not that the
pelvis in Belodon is a basin formed by the blending
of the expanded plates of the ischium and the pubis,
into a sheet of bone which more nearly resembles
the same region in Pterodactyles than does the
ischio-pubic region in other Dinosaurian animals
like Cetiosaurus.
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The backbone in a few Dinosaurs is suggestive of
Pterodactyles. In such genera as have been named
Ceelurus and Calamospondylus, in which the skeleton
is only partially known, the neck vertebra become
elongated, so as to compare with the long-necked
Pterodactyles. The cervical rib is often very similar
to that type, and blended with the vertebra, as in
Pterodactyles and Birds. The early dorsal vertebra
of Pterodactyles might almost be mistaken for those
of Dinosaurss The tail vertebraee of a Pterodactyle
are usually longer than in long-tailed Dinosauria.

In the limbs and the bony girdles which support
them there is more resemblance between Ptero-
dactyles and Dinosaurs than might have been an-
ticipated, considering their manifest differences in
habit. Thus all Dinosaurs have the hip bone named
ilium prolonged in front of the articulation for the
femur as well as behind it, almost exactly as in
Pterodactyles and Birds (see p. 95). There is some
difference in the pubis and ischium which is more
conspicuous in form than in direction of the bones.
There is a Pterodactyle imperfectly preserved, named
Pterodactylus dubius, in which the ischium is directed
backward and the pubis downward, and the bones
unite below the acetabular cavity for the head of the
femur to work in, but do not appear to be otherwise
connected. In Rhamphorhynchus the connexion
between these two thickened bars is made by a thin
plate of bone. In such a Dinosaur as the American
carnivorous Ceratosaurus the two bars of the pubis
and ischium remain separate and diverging, and
there is no film of bone extending over the inter-
space between them. The development of such a
bony condition would make a close approximation
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between the Ornithosaurian pelvis and that of those
Dinosaurs which closely resemble Pterodactyles in
skull and teeth.

Another pelvic character of some interest is the
blending of the pubis and ischium of the right and
left sides in the middle line of the body. There are
some genera of Dinosaurs like the English Aristo-

Ceratosaurus

Cycnorhamphus Ilium

Pubis

Ischium

Prepubis

LI _;-I"-’-r...-..._._-
Triceratops %—.\J—\

F1G. 79. LEFT SIDE OF PELVIS

A Pterodactyle is shown between a carnivorous Dinosaur above and
a herbivorous Dinosaur below

suchus from the Weald, and the American genera
Ceelurus, Ceratosaurus, and others, in which the
pubic bones, instead of uniting at their extremities,
are pinched together from side to side, and unite
down the lower part of their length, terminating
in an expanded end like a shoe, which is seen to be
a separate ossification, and probably formed by a pair
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of ossifications joined in the median line. This small
bone, which is below the pubes, and in these animals
becomes blended with them, we may regard as a pair
of prepubic bones like those of Pterodactyles and
Crocodiles, except that they have lost the stalk-like
portions, which in those animals are developed to
compensate for the diminished length of the pubic
bones. The prepubic bones may also be developed
in [guanodon, in which a pair of bones of similar
form remains throughout life in advance of the
pubes, as in Pterodactyles. In those Dinosauria
with the Bird-like type of pelvis the pubic bone
is exceptionally developed, sending one process
backward and another process forward, so that
there is a great gap between these diverging limbs
to the bone. In the region behind the sternum to
which the ribs were attached, and in front of the
pelvis, is a pair of bones in Iguanodon shaped like
the prepubic bones of Dimorphodon. They have
sometimes been interpreted as a hinder part of the
sternum, but may more probably be regarded as a
pair of prepubic bones articulating each with the
anterior process of the pubis (see Fig. 80). The small
bones found at the extremities of the pubes in such
carnivorous Dinosaurs as Aristosuchus are blended
by bony union with the pubes. The bones in Igua-
nodon are placed behind the sternal region without
any attachment for sternal ribs, and the expanded
processes converge forwards from the stalk and unite
exactly like the prepubic bones of Ornithosaurs.
While this character, on the one hand, may link
Pterodactyles with the Dinosaurs, on the other hand
it may be a link between both those groups and the
Crocodiles, in which the front pair of bones of the
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pelvis has also appeared to be representative of the
prepubic bones of Flying Reptiles (see Fig. 32, p. g8).

The resemblances between Pterodactyles and Dino-
saurs in the hind limb are not of less interest, though
it is rather in the older Pterodactyles such as Dimor-
phodon, Pterodactylus, and Rhamphorhynchus that
the resemblance is closest with the slender car-
nivorous Dinosaurs. They never have the head of
the thigh bone, femur, separated from its shaft by a
constricted neck, as in the Pterodactyles from the

Ischium
Dimorphodon Iguanodon

FIG., 80. DIAGRAM OF THE PELVIS SEEN FROM BELOW IN
AN ORNITHOSAUR AND A DINOSAUR

Chalk. In many ways the thigh bone of Dinosaurs
tends towards being Avian; while that of Pterodac-
tyles inclines towards being Mammalian, but with a
tendency to be Bird-like in the older types, and to be
Mammal-like in the most recent representatives of
the group in the Chalk.

The bones of the leg in Ornithosaurs, known as
tibia and fibula, are remarkable for the circumstance
first that they resemble Birds in the fibula being slender
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and only developed in its upper part towards the
femur, and secondly that in a genus like Dimorpho-
don this drum-stick bone has the two upper bones of
the ankle blended with the tibia, so as to form a
rounded pulley joint which is indistinguishable from
that of a Bird (see p. 102). There is a large number
of Dinosaurs in which this remarkable distinctive
character of Birds is also found. Only, Dinosaurs
like Iguanodon, for instance, have the slender fibula
as long as the tibia, and contributing to unite with the
separate ankle bones of the similarly rounded pulley
at the lower end. There are no Birds in which the
tarsal bones remain separated and distinct through-
out life. But in Pterodactylus from Solenhofen, as
in a number of Dinosaurs, especially the carnivorous
genera, the bones of the tarsus remain distinct through-
out life, and never acquired such forms as would have
enabled the ankle bone, termed astragalus, to embrace
the extremity of the tibia, as it does in Iguanodon.
Thus the resemblance of the Ornithosaur drum-stick
is almost as close to Dinosaurs as to Birds.

There is great similarity between Dinosaurs and
Pterodactyles seen in the region of the instep, known
as the metatarsus. These bones are usually four in
number, parallel to each other, and similar in form.
They are commonly longer than in Dinosaurs; but
among some of the carnivorous Dinosaurs their
length approximates to that seen in Pterodactyles.
In neither group are the bones blended together by
bony union, while they are always united in Birds, as
in Oxen and similar even-hoofed mammals. Dinosaurs
agree with Pterodactyles in maintaining the metatarsal
bones separate, but they differ from them and agree
with Birds frequently, in having the number of meta-
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tarsal bones reduced to three, as in Iguanodon, though
Dinosaurs often have as many as five digits developed.

The toe bones, the phalanges of these digits of the
hind limb, are usually longer in Pterodactyles than in
Dinosaurs, but they resemble carnivorous Dinosaurs
in the forms of their sharp terminal bones for the claws,
which are similarly compressed from side to side.

So diverse are the functions of the fore limb in
Dinosaurs and Pterodactyles, and so remarkably does
the length of the metacarpal region of the back of the
hand vary in the long-tailed and short-tailed Ornitho-
saurs, that there is necessarily a less close correspond-
ence in that region of the skeleton between these two
groups of animals; for the Pterodactyle fore limb is
modified in relation to a function which can only be
paralleled among Birds and Bats; and yet neither
of those groups of animals approximates closely in
this region of the skeleton to the Flying Reptile.
Under all the modifications of structure which may
be attributed to differences of function, some re-
semblance to Dinosaurs may be detected, which is
best evident in the upper arm bone, humerus; is
slicht in the fore-arm bones, ulna and radius; and
becomes lost towards the extremity of the limb.

[f the tendency of the thigh bone to resemble a
Mammalian type of femur (p. 100) is a fundamental,
deep-seated character of the skeleton, it might be an-
ticipated that a trace of Mammalian character would
also be found in the humerus. For what the character
is worth, the head of the humerus does show a closer
approximation to a Monotreme Mammal than is seen
in Birds, and is to some extent paralleled in those
South African reptiles which approximate to Mammals
most closely. Not the least remarkable of the many



RELATIONS OF PTERODACTYLES 209

astonishing resemblances of these light aerial creatures
to the more heavy bodied Dinosaurs is the circum-
stance that the humerus in both groups makes a not
dissimilar approach to that of certain Mammals.
These illustrations may be accepted as demon-
strating a relationship between the Ornithosaurs and
Dinosaurs now compared, which can only be ex-
plained as results of influence of a common parentage
upon the forms of the bones. But more interesting
than resemblances of that kind is the similarity that
may be traced in the way in which air is introduced
into cavities in the bones in both groups. In some
of the imperfectly known Dinosaurs, like Aristosuchus,
Ceelurus, and Thecospondylus, the bone texture is as
thin as in Pterodactyles, and the vertebra are ex-
cavated by pneumatic cavities, which are amazing in
size when compared with the corresponding structures
in birds, for the vertebra is often hollowed out so that
nothing remains but a thin external film like paper
for its thickness. In the Dinosaurian genus Ccelurus
this condition is as well marked in the tail and back
as it is in the neck. The essential difference from
Birds appears to be that in the larger carnivorous
Dinosaurs the pneumatic condition of the bones is
confined to the vertebral column; while Birds and
Pterodactyles have the pneumatic condition more
conspicuously developed in the limb bones. The
pneumatic skeleton, however, appears to be absent
from the herbivorous types like Iguanodon and all
Dinosaurs which have the Bird-like form of pelvis,
and are most Bird-like in the forms of bones of the
hind limb. It is possible that some of the carnivorous
Dinosaurs also possessed limb bones with pneumatic

cavities. Many of those bones are hollow with very
P
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thin walls. If their cavities were connected with the
lungs the foramina are inconspicuous and unlike the
immense holes seen in the sides of the vertebrea.

According to the late Professor Marsh, the limbs
of Ceelurus and its allies, which at present are im-
perfectly known, are in some cases pneumatic. There-
fore there is a closer fundamental resemblance be-
tween some carnivorous Dinosaurs and Pterodactyles
than might have been anticipated. But the skull of
Ceelurus is unknown, and the fragments of the
skeleton hitherto published are insufficient to do
more than show that the two types were near in
kindred, though distinct in habit. Each has elabo-
rated a skeleton which owes much to the common
stock which transmitted the vital organs, and the ten-
dency of the bones to take special forms; but which
also owes more than can be accurately measured to
the action of muscles in shaping the bones and the
influence of the mechanical conditions of daily life
upon the growth of the bones in both of these orders
of animals. Enough is known to prove that all Dino-
saurs cannot be regarded as Ornithosaurs which have
not acquired the power of flight ; though the evidence
would lead us to believe that the primitive Ornitho-
saur was a four-footed animal, before the wing finger
became developed in the fore limb as a means of
extending a patagial membrane, like the membrane
which in the hind limb of Dimorphodon has bent the
outermost digit of the foot upward and outward to
support the corresponding organ of flight extending
down the hind legs.

It may thus be seen that the characters of Ornitho-
saurs which have already been spoken of as Reptilian,
as distinguished from the resemblances to Birds, may
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now with more accuracy be regarded as Dinosaur-
ian. The Dinosaurs, like Pterodactyles, must be re-
garded as intermediate in some respects between
Reptiles and Birds. The resemblances enumerated
would alone constitute a partial transition from the
Reptile to the Bird, although no Dinosaurs have
organs of flight; many are heavily armoured with
plates of bone, and few, if any, approximate in the
technical parts of the skeleton to the Bird class,
except in the hind limbs. Yet Dinosaurs have
sometimes been regarded as standing to Birds in
the relation of ancestors, or as parallel to an
ancestral stock.

Before an attempt can be made to estimate the
mutual relation of the Flying Reptiles to Dinosaurs
on the one hand, and to Birds on the other, it may
be well to remember that the resemblance of such
a Dinosaur as Iguanodon to a Bird in its pelvis and
hind limb is not more remarkable than that of
Pterodactyles to Birds in the shoulder-girdle and
bones of the fore limb. The keeled sternum, the
long, slender coracoid bones and scapula, are abso-
lutely Bird-like in most Ornithosaurs ; and that region
of the skeleton only differs from Birds in the absence
of a furculum which represents the clavicles, and is
commonly named the “merry-thought.” The elon-
gated bones of the fore-arm and the hand, terminat-
ing in three sharp claws, are characters in which the
fossil bird Archaopteryx resembles the Pterodactyle
Rhamphorhynchus, a resemblance which extends to
a similar elongation of the tail. It is remarkable
that the resemblance should be so close, since Archz-
opteryx affords the only bird’s skeleton known to be
contemporary which can be compared with the Solen-
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hofen Flying Reptiles. The resemblance may possibly
be closer than has been imagined. The back of the
head of Archzopteryx is imperfectly preserved in
the region of the quadrate bone, malar arch, and
temporal vacuity. And till these are better known
it cannot be affirmed that the back of the head is
more Reptilian in Pterodactyles than in the oldest
Birds. The side of the head in Arch®opteryx is
distinguished by the nostril being far forward, the
vacuity in front of the orbit being as large as in
the Pterodactyle Scaphognathus from Solenhofen
and other long-tailed Pterodactyles.



CHAPTER XVIII

HOWSETPERODACTYLES  MA Y
HAVE. ORIGINALTE]

RNITHOSAURIA have many characters in-

separably blended together which are otherwise
distinctive of Reptiles, Birds, and Mammals, and as-
sociated with peculiar structures which are absent
from all other animals. They are not quite alone in
this incongruous combination of different types of
animals in the same skeleton. Dinosaurs, which were
contemporary with Ornithosaurs, approximate to them
in blending characters of Birds with the structure of
a Reptile and something of a Mammal in one animal.
I[f an Ornithosaur is Reptilian in its backbone, in the
articular ends of each vertebra having the cup in
front and ball behind in the manner of Crocodiles,
Serpents, and many Lizards, a Dinosaur like Iguano-
don, which had the reversed condition of ball in
front and cup behind in its early vertebra, may be
more Mammalian than Avian in a corresponding
resemblance of the bones to the neck in hoofed
Mammals. But while Pterodactyles are sometimes
Mammalian in having the head of the thigh bone
moulded as in carnivorous Mammals and Man, the
corresponding bone in a Dinosaur is more like that

213
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of a Bird. And while the Pterodactyle shoulder-
girdle is often absolutely Bird-like, that region in
Dinosaurs can only be paralleled among Reptiles.

Such combinations of diverse characters are not
limited to animals which are extinct. There were
not wanting scientific men who regarded the Platy-
pus of Australia, when first sent to Europe, as an
ingenious example of KEastern skill, in which an
animal had been compounded artificially by blend-
ing the beak of a Bird with the body of a Mammal.
Fuller knowledge of that remarkable animal has
continuously intensified wonder at its combination
of Mammal, Bird, and Reptile in a single animal.
It has broken down the theoretical divisions be-
tween the higher Vertebrata, demonstrating that a
Mammal may lay eggs like a Reptile or Bird, that
the skull may include the reptilian characters of the
malar arch and pre-frontal and post-frontal bones,
otherwise unknown in Mammals and Birds. The
oroups of Mammals, Birds, and Reptiles now sur-
viving on the earth prove to be less sharply defined
from each other when the living and extinct types
are considered together. But in Pterodactyles,
Mammal Bird and Reptile lose their identity, as three
colours would do when unequally mixed together.

This mingling of characteristics of different animals
is not to be attributed to interbreeding, but is the
converse of the combination of characters found in
hybrid animals. It is no exaggeration to say that
there is a sense in which Mammal, Bird, Reptile, and
the distinctive structures of the Ornithosaur, have
simultaneously developed from one egg, in the body
of one animal.

The differences between those vertebrate types of
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animals consist chiefly in the way in which their
organisation is modified, by one strain of characters
being eliminated so that another becomes predomi-
nant, while a distinctive set of structures is elaborated
in each class of animals. The earlier geological his-
tory of the higher Vertebrata is very imperfectly
known, but the evidence tends to the inference that
the older representatives of the several classes ap-
proximate to each other more closely than do their
surviving representatives, so that in still earlier ages
of time the distinction between them had not become
recognisable. The relation of the great groups of
animals to each other,among Vertebrata, is essentially
a parallel relation, like the colours of the solar spec-
trum, or the parallel digits of the hand. It was
natural, when only the surviving life on the earth was
known, to imagine that animals were connected in a
continuous chain by successive descent, but Mammals
have given no evidence of approximation to Birds;
and Birds discover no evidence that their ancestors
were Reptiles, in the sense in which that word is used
to define animals which now exist on the earth.
When the variation which animals attain in their
maturity and exhibit in development from the egg
was first realised, it was imagined that Nature, by
slow summing up and accumulation of differences
which were observed, would so modify one animal
type that it would pass into another. There is little
evidence to support belief that the changes between
the types of life have been wrought in that way.
The history of fossil animals has not shown transi-
tions of this kind from the lower to higher Vertebrata,
but only intermediate, parallel groups of animals,
analogous to those which survive, and distinct from
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them in the same way as surviving groups are distinct
from each other. The circumstance that Mammals,
Birds, and Reptiles are all known low down in the
Secondary epoch of geological time, is favourable to
the idea of their history being parallel rather than
successive. Such a conception is supported by the
theory of elimination of characters from groups of
animals as the basis of their differentiation. This loss
appears always to be accompanied by a correspond-
ing gain of characters, which is more remarkable in
the soft, vital organs than in the skeleton. The gain
in higher Vertebrates in the bones is chiefly in the
perfection of joints at their extremities ; but the gain
in brain, lungs, heart, and other soft parts is an
elaboration of those structures and an increase in
amount of tissue.

The resemblances of Ornithosaurs to Mammals are
the least conspicuous of their characters. Those seen
in the upper arm bone and thigh bone are manifestly
not derived from Mammals. They cannot be ex-
plained as adaptations of the bones to conditions of
existence, because there is no community of habit to
be inferred between Pterodactyles and Mammals, in
which the bones are in any way comparable.

Other fossil animals show that a fundamentally
Reptilian structure is capable of developing in the
Mammalian direction in the skull, backbone, shoulder-
girdle, hip-girdle, and limbs, so as to be uniformly
Mammalian in its tendencies. This is proved by
tracing the North American Texas fossils named
Labyrinthodonts, through the South African Therio-
donts, towards the Monotremata and other Mammalia.
Just as those animals have obliterated all traces of
the Bird from their skeletons, Birds have obliterated
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the distinctive characters of Mammals. The Ornitho-
saur has partially obliterated both. With a skull and
backbone marked by typical characters of the Reptile,
it combines the shoulder-girdle and hip-girdle of a
Bird, with characters in the limbs which suggest both
those types in combination with Mammals.

The bones have been compared in the skeleton of
each order of existing Reptiles, and found to show
side by side with their peculiar characters not only
resemblances to the other Reptilia, but an appreciable
number of Mammalian and Avian characters in their
skeletons. The term “crocodile,” for example, indi-
cates an animal in which the skeleton is dominated
by one set of peculiar characters. Crocodiles retain
enough of the characteristics of several other orders
of reptiles to show that an animal sprung from the
old Crocodile stock might diverge widely from exist-
ing Crocodiles by intensifying what might be termed
its dormant characters in the Crocodile skeleton.
Comparing animals together bone by bone it is
possible to value the modifications of form which
they put on, and the resemblances between them,
so as to separate the inherited wealth of an animal’s
affinities with ancestors or collateral groups, from
the peculiar characters which have been acquired
as an increase based upon its typical bony possessions
or osteological capital. There is no part of the Ptero-
dactyle skeleton which is more distinctly modified
than the head of the upper arm bone, which fits
into the socket between the coracoid bone and the
shoulder-blade. The head of the humerus, as the
articular part is named, is somewhat crescent-shaped,
convex on its inner border, and a little concave on
its outer border, and therefore unlike the ball-shaped
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head of the upper arm bone in Man and the higher
Mammals. It is much more nearly paralleled in the
little group of Monotremata allied to the living
Ornithorhynchus. In that sense the head of the
humerus in a Pterodactyle has some affinity with the
lowest Mammalia, which approach nearest to Reptiles.
The character might pass unregarded if it were not
found in more striking development in fossil Reptiles
from Cape Colony, which from having teeth like
Mammals are named Theriodontia. In several of
those South African reptiles the upper arm bone
approaches closer to the humerus in Ornithosaurs
than to Ornithorhynchus., Such coincidences of
structure are sometimes dismissed from considera-
tion and placed beyond investigation by being termed
adaptive modifications; but there can be no hope
of finding community of habit between the burrow-
ing Monotreme, the short-limbed Theriodont, and
the flying Pterodactyle which might have caused
this articular part of the upper arm bone to acquire
a form so similar in animals constructed so differ-
ently. If the resemblance in the humerus to Mono-
tremes in this respect is not to be attributed to
burrowing, neither can the crescent form of its upper
articulation be attributed to flight; for in Birds the
head of the bone is compressed, but always convex,
and Bats fly without any approach to the Ptero-
dactyle form in the head of the humerus. This
apparently trivial character may from such com-
parisons be inferred to be something which the way
of life of the animal does not sufficiently account for.
These deepest-seated parts of the limbs are slow to
adapt themselves to changing circumstances of exist-
ence, and retain their characters with moderate



ORIGIN OF PTERODACTYLES 219

variation of the bones in each of the orders or classes
of animals, It therefore is safer to regard Mamma-
lian characters, as well as the resemblances which
Pterodactyles show to other kinds of animals, as due
to inheritance from a time when there was a common
stock from which none of these animals which have
been considered had been distinctly elaborated.

A few characters of Ornithosaurs are regarded as
having been acquired, because they are not found
in any other animals, or have been developed only
in a portion of the group. The most obvious of
these is the elongated wing finger; but in some
genera, like Dimorphodon, there is also a less elonga-
tion of the fifth digit of the foot, and perhaps in
all genera there is a backward development of the
first digit of the hand, which is without a claw, and
therefore unlike the clawed digit of a Bat. An
acquired character of another kind, which is limited
to the Cretaceous genera, is seen in the shoulder-
blade being directed transversely outward, so that
its truncated end articulates by a true joint with the
early vertebra of the back, and defended the cavity
inclosed by the ribs by a strong bony external arch.
And finally, as the animals later in time acquire short
tails, and relatively longer limbs, the bones of the
back of the hand, termed metacarpals, acquire
ogreater and distinctive length, which is not seen in
the long-tailed types like Rhamphorhynchus.

These and such-like acquired characters distin-
guish the class of animals from all groups with
which it may be compared, and mark the possible
limits of variation of the skeleton within the
boundary of the order. But no further variation of
these parts of the skeleton could make a transition
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to another order of animals, or explain how the
Pterodactyles came into existence, because the char-
acters which separate orders and classes of animals
from each other differ in kind from those which
separate smaller groups, named genera and species,
of which the order is made up. The accumulation
of the characters of genera will not sum up into the
characters of an order or class.

In making the division of Vertebrate animals into
classes the skeleton is often almost ignored. Its
value is entirely empirical and based upon the
observed association of the various forms of bones
with the more important characters of the brain and
other vital organs. What is understood as a Mamma-
lian or Avian character in the skeleton is the form
of bone which is found in association with the soft
vital organs which constitute an animal a Mammal
or a Bird.

The characters which theoretically define a Mammal
appear to be the enormous overgrowth of the cerebral
hemispheres of the brain by which the cerebrum
comes into contact with the cerebellum, as among
Birds. This character distinguishes both groups of
animals from all Reptiles, recent and fossil. But in
examining the mould of the interior of the brain
case it is rare to have the bones fitting so closely
to the brain as to prove that the lateral expansion
below the cerebrum and cerebellum is formed by
the optic lobes of the brain. Otherwise the brain
of a Pterodactyle might be as like to the brain of
Ornithorhynchus as it is like that of a Bird (Fig. 19).
But it is precisely in this condition of arrangement
of the parts of the brain that the specimens appear
to be most clear. The lateral mass of brain in
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specimens of Ornithosaurs from the Lower Secondary
rocks appears to be transversely divided into back
and front parts, which may be thought to corre-
spond to the structures in a Mammal brain named
corpora quadrigemina, but to be placed as the optic
lobes are placed in Birds, and to have relatively
greater dimensions than in Mammals. No evidence
has been observed of this transverse division of the
optic lobes of the brain in Pterodactyles from the
Chalk and Cretaceous rocks, and so far as the evidence
goes this part of the brain was shaped as in birds,
but rather smaller.

The brain is the only soft organ in which a Mam-
malian character could be evidenced. The uniformity
in character of the brain throughout the group in
Mammals is remarkable, in reference to the circum-
stance that the reproduction varies in type; the lowest,
or Monotreme division, being oviparous, If there is
no necessary connexion between the Mammalian
brain and the prevalent condition under which the
young are produced alive, it may be affirmed also
that there is no necessary connexion between the
form of the brain and the form of the bones, since
the brain cavity in Theriodont reptiles shows no
resemblance to that of a Mammal, while the bones
are in so many respects only paralleled among
Monotremata and Mammalia. The variety of forms
which the existing Mammalian orders of animals
assume, shows the astonishing range of structure of
the skeleton which may coexist with the Mammalian
brain. And therefore we are led to the conclusion
that any other fundamental modification of brain—
such as distinguishes the class of Birds—might also
be associated with forms and structures of the skele-
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ton which would vary in similar ways. In other
words, if for convenience we define a Mammal by
its form of brain, structure of the heart and lungs,
and provision for nutrition of the young, without
regard to the covering of the skin, which varies
between the scales of a pangolin and the practically
naked skin of the whale—a bird might be also
defined by its peculiar conditions of brain and lungs,
without reference to the feathered condition of the
skin, though the feathered condition extends back-
ward in time to the Upper Secondary rocks, as seen
in the Archaopteryx.

The Avian characters of Pterodactyles are the pre-
dominant parts of their organisation, for the con-
ditions of the brain and lungs shown by the moulds
of the brain case and the thin hollow bones with
conspicuous pneumatic foramina, give evidence of
a community of vital structures with Birds, which
is supported by characters of the skeleton. If any
classificational value can be associated with the distri-
bution of the pneumatic foramina as tending to
establish membership of the same class for animals
fashioned on the same plan of soft organs, the
evidence is not weakened when a community of
structures is found to extend among the bones to
such distinctive parts of the skeleton as the sternum,
shoulder-girdle, bones of the fore-arm and fore-leg ;
for in all these regions the Pterodactyle bones are
practically indistinguishable from those of Birds.
This is the more remarkable because other parts of
the skeleton, such as the humerus and pelvis, show
a partial resemblance to Birds, while the parts which
are least Avian, like the neck bones, have no ten-
dency to vary the number of the vertebrz, in the
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way which is common among Birds, following more
closely the formula of the seven cervical vertebra of
Mammals.

It would therefore appear from the vital com-
munity of structures with Birds, that Pterodactyles
and Birds are two parallel groups, which may be
regarded as ancient divergent forks of the same
branch of animal life, which became distinguished
from each other by acquiring the different condition
of the skin, and the structures which were developed
in consequence of the bony skeleton ministering to
flight in different ways; and with different habit of
terrestrial progression, this extinct group of animals
acquired some modifications of the skeleton which
Birds have not shown. There is nothing to suggest
that Pterodactyles are a branch from Birds, but their
relation to Birds is much closer, so far as the skeleton
goes, than is their relation with the flightless Dino-
saurs, with which Birds and Pterodactyles have many
characters in common.

On the theory of elimination of character which
I have used to account for the disappearance of some
Mammalian characters from the Pterodactyle, that
loss 1s seen chiefly in the removal of the parts which
have left a Reptilian articulation of the lower jaw
with the skull, and the articulation of the vertebr=
throughout the vertebral column by a modified cup-
and-ball form of joint. The furculum of the Bird is
always absent from the Pterodactyle. No specimen
has shown recognisable clavicles or collar - bones.
Judged by the standard of existing life, Pterodac-
tyles belong to the same group as Birds, on the
evidence of brain and lungs, but they belong to
a different group on account of the dissimilar
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modifications of the skeleton and apparent absence
of feathers from the skin.

The most impressive facts in the Pterodactyle
skeleton, in view of these affinities, are the structures
which it has in common with Reptiles. Some struc-
tures are fundamental, like the cup-and-ball articula-
tion of the vertebrae, which is never found in birds
or mammals. Although not quite identical with the
condition in any Reptile, this structure is approxi-
mately Lizard-like or Crocodile-like in the cup-and-
ball character. It shows that the deepest-seated part
of the skeleton is Reptile-like, though it may not be
more Reptilian than is the vertebral column of a
Mammal, if comparison is made between Mammals
and extinct groups of animals known as Reptiles,
such as Dinosaurs and Theriodontia.

The orders of animals which have been included
under the name Reptilia comprise such different
structural conditions of the parts of the skeleton
which may be termed reptilian in Ornithosaurs, that
there is good reason for regarding the cup-and-ball
articulation as quite a distinctive Reptilian specialisa-
tion, in the same sense that the saddle-shaped articu-
lation between the bodies of adjacent vertebra in
a bird is an Avian specialisation. From the theoretical
point of view the Ornithosaur acquired its Reptilian
characters simultaneously with its Avian and Mam-
malian characters.

There is nothing in the structure of the skeleton
of the Dinosauria, to which Ornithosaurs approximate
in several parts of the body, which would help to
explain the cup-and-ball articulation of the backbone,
if the Flying Reptile were supposed to be an offshoot
from the carnivorous Dinosaurs,
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The elimination of Reptile characters from so much
of the skeleton, and the substitution for them of the
characters of Birds and Mammals, would be of ex-
ceptional interest if there had been any ground for
regarding the flying animal as more nearly related to
a Reptile than to a Bird. But if the evidence from
the form of the brain and nature of the pneumatic
organs seen in the limb bones accounts for the Avian
features of the skeleton, the Reptilian condition of the
vertebral column helps to show a capacity for varia-
tion, and that the fixity of type and structure, which
the skeleton of the modern Bird has attained, is not
necessarily limited to or associated with the vital
organs of Birds.

The variation of the cup-and-ball articulation in
the neck of a Chelonian, which makes the third
vertebra cupped behind, the fourth bi-convex, the
fifth cupped in front, and the sixth flattened behind,
shows that too much importance may be attached
to the mode of union of these bones in Serpents,
Crocodiles, and those Lizards which have the cup in
front; for while in Lizards the anterior cup, oblique and
depressed, is found in most of its groups, the Geckos
show no trace of the cup-and-ball structure, and in
that respect resemble the Hatteria of New Zealand.

If, therefore, the cup-and-ball articulation of verte-
bra in Ornithosauria has any significance as a mark
of affinity to Reptiles, it could only be in approxima-
tion to those living Reptiles which possess the same
character, and would have it on the hypothesis that
both have preserved the structure by descent from an
earlier type of animal. This hypothesis is negatived
by the fact that the cup-and-ball articulation is un-
known in the older fossil Reptiles.

Q
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Although the articulation for the lower jaw with
the skull in Ornithosaurs is only to be paralleled
among Reptiles, the structure is adapted to a brain
case which is practically indistinguishable from that
of a Bird, except for the postorbital arch.

The hypothesis of descent, therefore, becomes im-
possible, in any intelligible form, in explanation
of distinctive character of the skeleton, The hypo-
thesis of elimination may also seem to be insufficient,
unless the potential capacity for new development be
recognised as concurrent, and as capable of modify-
ing each region of the skeleton, or hard parts of the
animal, in the same way that the soft organs may be
modified. From which we infer that all structures,
which distinguish the several grades of organisation
in modern classifications, soft parts and hard parts
alike, may come into existence together, in so far
as they are compatible with each other, in any class
or ordinal division of animals.

Although the young Mammal passes through a
stage of growth in which the brain may be said to be
Reptilian, there is no good ground for inferring that
Mammal or Bird type of skeleton was developed later
in time than that of Reptiles. The various types of
Fishes have the brains in general so similar to those
of Reptiles that it is more intelligible for all the
vertebrate forms of brain to have differentiated at
the same time, under the law of elimination of char-
acters, than that there should be any other bond of
union between the classes of animals.

If we ask what started the Ornithosauria into
existence, and created the plan of construction of
that animal type, I think science is justified in boldly
affirming that the initial cause can only be sought
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under the development of patagial membranes, such
as have been seen in various animals ministering to
flight. Such membranes, in an animal which was
potentially a Bird in its vital organs, have owed de-
velopment to the absence of quill feathers. Thus
the wing membrane may be the cause for the chief
differences of the skeleton by which Ornithosaurs
are separated from Birds, for the stretch of wing in
one case is made by the skin attached to the bones,
and in the other case by feathers on the skin so
attached as to necessitate that the wing bones have
different proportions from Ornithosaurs.

It is a well-known observation that each great
epoch of geological time has had its dominant forms
of animal life, which, so far as the earth’s history is
known now, came into existence, lived their time,
and were seen no more. In the same way the
smaller groups of species and genera included in an
ordinal group of animals or class have abounded,
oiving a tone to the life of each geological formation,
until the vitality of the animal is exhausted, and the
species becomes extinct or ceases to preponderate.
This process is seen to be still modifying the life on
the earth, when some kinds of animals and plants
are introduced to new conditions. Plants appear to
wage successful war more easily than animals. The in-
troduction of the Cactus in some parts of Cape Colony
has locally modified both the fauna and flora, just
as the Anacharis introduced into England spread
from Cambridge over the whole country, and became
for many years the predominant form of plant life
in the streams. The Rabbit in Australia is a historic
pest. Something similar to this physical fertility
and increase appears to take place under new cir-
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cumstances in certain organs within the bodies of
animals, by the development of structures previously
unknown. A familiar example is seen in the internal
anatomy of the Trout introduced into New Zealand,
where the number of pyloric appendages about the
stomach has become rapidly augmented, while the
size and the form of the animal have changed. The
rapidity with which some of these changes have been
brought about would appear to show that Nature is
capable of transforming animals more rapidly than
might have been inferred from their uniform life
under ordinary circumstances. Growth of the vital
organs in this way may modify the distinctive form
of any vital organ, brain or lungs, and thus as a con-
sequence of modification of the internal structures due
to changes of food and habit, bring a new group of
animals into existence. And just as the group of
animals ceases to predominate after a time, so there
comes a limit to the continued internal development
of vital structures as their energy fails, for each organ
behaves to some extent like an independent organism.

Under such explanations of the mutual relations of
the parts of animals, and groups of animals, time
ceases to be a factor of primary importance in their
construction or elaboration. The supposed necessity
for practically unlimited time to produce changes in
the vital organs which separate animals into great
orders or classes is a nightmare, born of hypothesis,
and may be profitably dismissed. The geological
evidence is too imperfect for dogmatism on specu-
lative questions; but the nature of the affinities of
Ornithosaurs to other animals has been established
on a basis of comparison which has no need of
theory to justify the facts. It is not improbable that
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the primary epoch of time, even as known at present,
may be sufficiently long to contain the parent races
from which Ornithosaurs and all their allies have
arisen.

In thus stating the relation of Ornithosaurs to
other animals the Flying Reptile has been traced
home to kindred, though not to its actual parents or
birthplace. There is no geological history of the
rapid or gradual development of the wing finger, and
although the wing membrane may be accepted as
its cause of existence, the wing finger is powerfully
developed in the oldest known Pterodactyles as in
their latest representatives.

Pterodactyles show singularly little variation in
structure in their geological history. We chronicle
the loss of the tail and loss of teeth. There is also
the loss of the outermost wing digit from the hind
foot as a supporter of the wing membrane. But the
other variations are in the length of the metacarpus,
or of the neck, or head. One of the fundamental
laws of life necessitates that when an animal type
ceases to adapt its organisation and modify its
structures to suit the altered circumstances forced
upon it by revolutions of the earth’s surface its life’s
history becomes broken. It must bend or break,

The final disappearance of these animals from the
earth’s history in the Chalk may yet be modified
by future discoveries, but the Flying Reptiles have
vanished, in the same way as so many other groups
of animals which were contemporary with them in
the Secondary period of time. Such extinctions
have been attributed to catastrophes, like the sub-
mergence of land, so that the habitations of animals
became an area gradually decreasing in size, which
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at last disappeared. It appears also to be a law of
life, illustrated by many extinct groups of animals,
that they endure for geological ages, and having
fought their battle in life’s history, grow old and un-
able to continue the fight, and then disappear from
the earth, giving place to more vigorous types adapted
to live under new conditions.

The extinct Pterodactyles hold a relation to Birds
in the scheme of life not unlike that which Mono-
tremata hold to other Mammals. Both are remark-
able for the variety of their affinities and resemblances
to Reptiles. The Ornithosauria have long passed
away ; the Monotremes are nearing extinction. Both
appear to be supplanted by parallel groups which
were their contemporaries. Birds now fill the earth
in a way that Flying Reptiles never surpassed; but
their flight is made in a different manner, and the
wing is extended to support the animal in the air,
chiefly by appendages to the skin.

If these fossils have taught that Ornithosaurs have
a community of soft vital organs with Dinosaurs and
Birds, they have also gone some way towards proving
that causes similar to those which determined the
structural peculiarities of their bony framework,
originated the special forms of respiratory organs
and brain which lifted them out of association with
existing Reptiles.

These old flying animals sleep through geological
ages, not without honour, for the study of their story
has illuminated the mode of origin of animals which
survive them, and in cleaving the rocks to display
their bones we have opened a new page of the book
of life,
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A CATALOGUE OF

MEssrRS. METHUEN'S
PUBLJFIEATIO N:S

Colonial Editions are published of all Messrs. METHUEN'S Novels issued
at a price above 25 64., and similar editions are published of some works of

General Literature.

These are marked in the Catalogue.

Colonial editions

are only for circulation in the British Colonies and India.

I.P.L. represents Illustrated Pocket Library,

Abbott (J. H. M.). Author of ‘Tommy
Cornstalk.” AN OUTLANDER 1IN
ENGLAND: BEING SOME IMPRESSIONS OF
AN AUSTRALIAN ABROAD. Second Kdition.
Cr. Boa, G5,

A Colonial Edition is also published,

Acatos (M. J.). See Junior School Books,

Adams (Frank). JACK SPRATT. Withay
Coloured Pictures. Swuger Koval 16ma,  zs.

Adeney (W. F.), M.A. See Bennett and
Adeney.
.-!Esct'l}'lua See Classical Translations.

ALsop. Seel.P.L.

Alnsworth (W. Harrison). See [.P.L.

Alderson (J. P.). MR. ASQUITH. With
Portraits and Illustrations. Demy Boe.
=25, 6, nel,

Aldis (Janet). MADAME GEOFFRIN,
HER SALON, AND HER TIMES.
With many Portraits and Illustrations.
Second Edition. ﬂ:m}' Boo. 108 6d. mef.

A Colonial Edition is also published.

Alexander (William), D.D., Archbishop
of Armagh. THOUGHTS AND
COUNSELS OF MANY YEARS.
Demy 16m0. 25. 6d.

Alken (Henry).,. THE NATIONAL
SPORTS OF GREAT BRITAIN. With
descriptions in English and French., With
g1 Coloured Plates. Roval Folio. Five
Guineas nef. The Plates can be had
separately in a Portfolio, 43, 35. nel.

Seealso LP. L.

Allen (C. C.) See Texthooks of Technology.

Allen (Jessie). See Little Books on Art.

Allen (J. Romilly), F.5.A. See Antiquary's

Books.

Almack (E.). See Little Books on Art.

Amherst (Lady) A SKETCH OF
EGYPTIAN HISTORY FROM THE
EARLIEST TIMES TO THE PRE-
SENT DAY. With many lllustrations.
Demey Boo. 6. nel.

Anderson (F. E! }» THE STORY OF THE
BRITISH EMPIRE FOR CHILDREN.

With many Illustrations, Cr. 8zo. 2s.

Anderson (J. (G.), B.A., Examiner to London
University, 'NC}U"r"FLLIL GRAMMAIRE
FRAN(;."L[SB Cr. Boo, =i,

EXERCICES DE GRAMMAIRE FRAN-

JAISE. Cr. 8zw. 15 6.

Andrewes (Bishop). FPREECES PRI.
VATAE. Edited, with Notes, by F. E.
BricaTMmarn, M. A, anuseg,r Hame, Oxford.
Cr. 8vo. ﬁ.n

Anglo-Australian. AFTER-GLOW ME-
MORIES. Cr. 8vo. 6s.

A Colonial Edition is also published.

Anon, FELISSA; OR, THE LIFE
AND OPINIONS OF A KITTEN OF
SENTIMENT. With 12 Coloured Plates,
Post 16me. 25 6d. netl.

Aristotlee. THE NICOMACHEAN
ETHICS., Edited, with an Introduction
and Notes, by Joun Burner, M.A., Pro-
fessor of Greek at St. Andrews. Cheaper
isswe. DemyBrve. 108, 64, net.

Atkins (H. G.). See Oxford Biographies.
Atkinson (C. M.). _fLREMY BENTHAM.

Demy Boo.
Atkinsnn IT.% A SHORT HISTORY
.H."-IGLI"?:H ARCHITECTURE.
'Wll;]l aver zoo Illustrations. Second Edition.

Feap, Boo. 33, 64, ael.
A GLOSSARY OF TEEMS USED IN
EMNGLISH ARCHITECTURE. Illus-

trated. Second Ed. Frap, Bro. 35. 6d. net.
Auden (T.), M.A., F.5.A. See Ancient Cities.
Aurelius (Marcus) and Epictetus.
WORDS OF THE ANCIENT WISE:
Thoughts from. Edited by W. H. D.
Rousg, M.A., Litt.D. Feap. 8vo. 3s. 64
nel.  See also Standard Library.
Austen (Jane). See Little Library and
Standard Library.
Bacon (Francis).
Standard Library.
Bﬂdeﬂ-PﬂWﬂ“ { - s- SI]I
THE ]JD'WNFALL OF, PREMPEH. A
Diary of Life in Ashanti 18gs. Illustrated.
Third Edition. Large Cr. 8vo. 6s.
A Colonial Edition 1s also published,

See Little Library and

Major-General.
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THE MATABELE CAMPAIGN, 18¢6.
With nearly oo Illustrations. Fowrth
Edition. Large Cr.8vo. 6s.

A Colonial Edition is also published.
Bailey (J. C.), M.A. See Cowper. :
Baker (W. G.), M.A. See Junior Examina-

tion Series.

Baker (Julian L.), F.1.C., F.C.S. See Books
on Business.

Balfour (Graham). THE LIFE OF
ROBERT LOUIS STEVENSON. Tihird
and Cheaper Edition, Revised. Cr. Bve. 6s.

A Colonial Edition is also Spublishcd,
Ballard (A.), B.A., LL.B., See Antiguary’s

Books.

Bnllis(ﬁ. E.).

Ban (Elizabeth L.).
BIOGRAPHY OF A
GIRL." Second Edition.

A Colonial Edition is also
Barham (R. H.). See Little

See Commercial Series.
THE AUTO-
*NEWSPAPER
Cr. Boo, 6s.
ublished.
ibrary.

Baring (The Hon. Mauwrice). WITH
THE RUSSIANS IN MANCHURIA.
Third Edition. Demy Bvo. 75, 64. nel,

A Colonial Edition is also published.

A YEAR IN RUSSIA. Second Edition.
Deney Bpo. 75, 64,

Baring-Gould (5.). THE LIFE OF
NAPOLEON BONAPARTE. With over
150 Illustrations in the Text, and a Photo-
gravure Frontispiece. KoyalBvo. ros.64.net.

THE TRAGEDY OF THE C/AESARS.
With numerous Illustrations from Busts,
Gems, Cameos, etc. Sivih Edition. Royal
Boa. 108, 6. nel.

ABOOK OF FAIRY TALES. With
numerous Illustrations by A. J. Gaskin,
Third Edition. Cr. Bvo. Bucihram. 6s,

OLD ENGLISH FAIRY TALES. With
numercus Illustrations hy F. D. BEprorn.
Thivd Edition. Cr. Bvo. Buckram. 6s.

THE VICAR OF MORWENSTOW. Re-
vised Edition. With a Portrait. Third
Edition. Cr. Bvo. 3s. 6d.

A BOOK OF DARTMOOR: A Descriptive
and Historical Sketch. With Plans and
numercus Illustrations. Second Edition.
Cr. Bpe. Gs

A BOODK OF DEVON. Illustrated.
Second Edifion. Cr. 8vo. Bs.

A BOOK OF CORNWALL. Illustrated.
Second Edition. Cr Bre. 6s.

A BOOK OF NORTH WALES. Illus-
trated. C» Bwmo.  6s.

A BOOK OF SOUTH WALES. Illustrated.
Cr. Bvo. 65,
A BOOK OF BRITTANY. Illustrated. Cr.

8vo, 6.

A BOOK OF THE RIVIERA. Illustrated.
Cr, Bvo. 6s.

A Colonial Edition is also published.

A BOOK OF THE RHINE: From Cleve
to Mainz. Illustrated. JSecond Edition.
Crown Bvo.  Gs.

A Colonial Edition is also published,

A BOOK OF THE PYRENEES. With
24 Illustrations. Crown Bvo. 6s.

A Colonial Edition is also published.

ol

A BOOK OF GHOSTS. With 8 Illustra-
tions by D. Murravy SMmiTH. Second Edi-
tion. Cr.Bvo. 65, 1

OLD COUNTRY LIFE. With 67 Illustra-
tions. Fifth Edition. Large Cr. Bvo. 6s.

A GARLAND OF COUNTRY SONG:
English Folk Songs with their Traditional
Melodies. Collected and arranged by S.
Barng-Gouvrp and H. F. SHEPPARD.
Dewey 4fo. 63,

SDNGg OF THE WEST: Folk Songs of
Devon and Cornwall. Collected from the
Mouths of the People. By S. Baring-GouLp,
M.A.,and H. FLEETWoOD SHEPPARD, M. A.
New and Revised Edition, under the musical
editorship of CeciL. J. Suare, Principal of
the Hampstead Conservatoire. Large fm-
perial Bro. 55 nel.

A BOOK OF NURSERY SONGS AND
RHYMES, Edited by S. Baring-GouLp,
and Illustrated by the Birmigham Art
School, A New Edition. Long Cr. Bue.
zs5. 6al. mel.

STRANGE SURVIVALS AND SUPER-
STITIONS. Third Edition. Cr. 8vo.
ar, 6. nel,

YORKSHIRE ODDITIES AND
STRANGE EVENTS. New and Revised
Edition. Cr. Bve. =23, 6d. nel,

See also Little Guides.

Barker (Aldred F.). See Textbooks of
Technology.

Barker (E.), M.A. (Late) Fellow of Merton
College, Oxford, THE POLITICAL
THOUGHT OF PLATO AND ARIS-
TOTLE. Demy Bpo. 105 64, mef,

Barnes (W. E.), D.D. See Churchman’s
Bible.

Barnett (Mrs. P. A.). See Little Library.

Baron(R. R. N.), M.A. FRENCH PROSE
COMPOSITION., Second Edition. Cr. 8vo.
25, 64. Key, 35 nel.

See also Junior Echoaol Books.

Barron (H. M.), M.A., Wadham College,
Oxford. TEXTS FOR SERMONS. With
a Preface by Canon Scort HoLLaND.
Cr, Boo. 35, 6d.

Bartholomew (J. G.), F.R.5.E. SeeC. G.
Fobertson.

Bastable (C. F.), MMA. THE COM-
MERCE OF NATIONS. Fouwrth Ed.

C# B8pa. 25 B4,
Bastian (H. Charlton), M.D., F.R.S,

THE EVOLUTION OF LIFE. Illus-
trated. Demy Bro. 75, 64. net.
Batson (Mrs. Stephen). A CONCISE

HANDEOOK OF GARDEN FLOWERS.
Feap, Bvo. 35, 64,
Batten (Loring W.), Ph.D.,5.T.D. THE
HEBREW PROPHET. Cr.8v0, 3564 net.
Bayley (R. Child), THE COMPLETE
PHOTOGRAPHER. With over 100
Illustrations. Second Edition. Dewmy Bvo,
B m:élﬁlﬁi'mg ) EASY E
ea . S.)s (XERCISES IN
ALGEBRA. Cr. 8ve. 15 64. See Junior
Examination Series and Beginner's Books.



4 MESSRS. METHUEN’S CATALOGUE

Beckford (Peter) THOUGHTS ON
HUNTING. KEdited by J. OtHo PaceT,
and Illustrated by G. H. JALLAND. Second
Edition. Denry Bvo, Bs.

Beckford (William)., See Little Library.

Beeching (H. €C.), M.A., Canon of West-
minster. See Library of Devotion,

Beghbie (Harold). MASTEE WORKERS.

lustrated. Demey 8o, =5, 64 net.

Behmen (Jacob). f)IHLO UES ON THE
SUPERSENSUAL LIFE. Edited by
BernArRD HoLLaND. Feap. Boe. 35, 6d.

Bell (Mrs. A.). THE SKIRTS OF THE
GREAT CITY, Second Ed. Cr. Bvo. 6s.

Belloc (Hilaire), M.P. PARIS. With
Maps and Illustrations. Second Edition,
Kevised, Cr. 8o, 65,

HILLS AND THE SEA. Second Edition.
Cromwmn 8vo. 65,

Bellot (H. H.L.), M.A. THE INNERAND
MIDDLE TEMPLE. With numerous
Illustrations. Crewn Sve.  6s. nel.

Bennett (W. H.), M.A. A PRIMER OF
THE BIBLE. Fourth Ed. Cr. Buo. 2s. 6d.

Bennett(W. H.)and Adeney (W. F.). A
BIBLICAL INTRODUCTION. Fourth
Edition. Cr. 8vo. 73 6d.

Benson (Archbishop) GOD'S BOARD:
Communion Addresses. JFeap. Bvo. 35 64.
Hels

Benson (A. C.), M.A. See Oxford Bio-

graphies,
Benson (R. M.). THE WAY OF HOLI-

NESS: a Devotional Commentary on the |

11gth Psalm, O 8z, 55

Bernard (E. R.), M.A_, Canon of Salisbury. |

TH F} ENGLISH SUNDAY. Fcap. 8vo.
15, 6.

Bertouch (Baroness de). THE LIFE
OF FATHER IGNATIUS. Illustrated.
Demy 8zo. 108, 64. net,

Beruete (A. de). See Classics of Art.

Betham=-Edwards (M.), HOME LIFE
IN FREANCE. Illustrated., Fomurtk and
Cheaper Edition. Crown Bvo. 65,

A Colonial Edition is also published.

Bethune-Baker (J. F.), M.A. See Hand-
books of Theclogy.

Bidez (M.). See Dyzantine Texts,

Biggs(C.R.D.), D.D. SeeChurchman’s Eible,

Bindley (T. Herbert), B.Il. TTHE OECU.-
MENICAL DOCUMENTS OF THE
FAITH.
Second Fdition.

Binns (H. B.).
WHITMAN.
rof. 6. nel.

A Colonial Edition is also published.

Binyon (Lawrence). THE DEATH OF
ADAM, ANDOTHERFPOEMS. C». 8ve.
38, 64, nel,

See also W. Blake, :
Bl;nstingl (Ethel). See Little Books on
Tt

Blair (Robert). See LLP.L,
Blake (William). THE LETTERS OF
WILLIAM BLAKE, TOGETHER WITH A
Live py FrREDERICK TATHAM.

Cr. Bvo. 65 ned

Illustrated. Demy Buva.

With Introductions and Notes.

|
THE LIFE OF WALT

Edited !

from the Original Manuscripts, with an

Intreduction and Notes, by ArcHiBALD G,

B. Russerr. With 12 lllustrations.

Demy 8o, 95, 6d. net.

ILLUSTRATIONS OF THE BOOK OF

OB. With a General Introduction by
AWRENCE Binvon. narfe. 215 nel.
See also I.P.L. and Little Lihralgi;

Blaxland (B.), M.A. See Library of
Dievation.

Bloom (J. Harvey), M\A. SHAKE-
SPEARE'S GARDE N. Illustrated.
Feap, Bvo. 3s. 6d. ; leather, 45. 64, net,

See also Antiquary’s Books

Blouet (Henri). See Beginner's Books,

Boardman (T. H.), M.A. See Textbooks
of Science,

Bodley (J. E. C.), Author of * France.! THE
CORONATION OF EDWARD VII.
Demy Bve. 215 nef. By Command of the

ing.

Body (George), D.LD. THE SOUL'S
PILGRIMAGE : Devotional Readings
from his writings. Selected by J. H. Bugx,
B.D., F.R.S. K. Demy 16mmo. =25 64,

Bona (Cardinal). See Library of Devotion,

Boon (F. C.). See Commercial Series.

Borrow (George). See Little Library.

Bos (J. Ritzema). AGRICULTURAL
ZOOLOGY. Translated by J. R. Ains-
worTH Davis, M.A. With 155 Illustrations.
Cr. 8vo. Third Edition. 3s. 6d.

Botting (C. G.), BA. EASY GREEK
EXERCISES. C» 8pe. 25 'See also

unior Examination Series.

Boulting (W.) TASS0 AND HIS TIMES.
“’;th z4 Illustrations. Dewsey 8ve. 105, 64.
ner.

Boulton (E. S.), M.A. GEOMETRY ON
MODERN LINES. Cr. 8vo. 25

Boulton (William B.). THOMAS
GAINSBOROUGH With 4o Illustra-
tions. Demy 8vo. 75, 6d. nel.

SIR {DSHUJ’L REYNOLDS, P.R.A. With
40 Illustrations. Dewey 8vo. 75, 6d. net.
Bowden(E. M.). THE IMITATION OF

BUDDHA : Being Quotations from
Buddhist Literature for each Day in the
Year. Fifth Edition. Cr. thme. 25 6d.

Bogdn':arpenter (Margaret). THE

HILD IN ART. Illustrated. Second
Edition. Large Crown Bvo, 6s.
Bo%’Ie{w.). CHRISTMAS AT THE ZOOQ.
ith Verses by W. BovLE and 24 Coloured
Pictures by H. B. NEwLson. Swuger Royal
16mre. 25

Brabant (F. G.), M.A. See Little Guides.

Bradley (A. G.) ROUND ABOUT WILT-
SHIRE. With 30 Illustrations of which
14are in colour by T.C.GoTcH. Second Ed.
L 8o, B,

Bradley (J. W.). See Little Books on Art.

Braid (James) and Others. GREAT
GOLFERS IN THE MAKING. By
Thirty-Four Famous Players. Edited, with
an Introduction, by HENkY LEacH. With
34 Portraits, Demy Bvo. 75 64, nel.

A Colonial Edition is also published.
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Brailsford (H. N.). MACEDONIA:
ITS RACES AND ITS FUTURE.

Illustrated. Demey 8vo. 128 64 nel.

Brodrick (Mary)and Morton (Anderson).
A CONCISE HANDBOOK OF EGYD-
TIAN ARCHAEOLOGY, Illustrated. Cr.
Bvo. 35 64,

Brooks (E. E.), B.Sec.
Technology.

Brooks (E. W.). See Byzantine Texts,

Brown (P. H.), LL.D., Fraser Professor of
Ancient (Scottish) History at the University
of Edinburgh. SCOTLAND IN THE
TIME OF QUEEN MARY. Demy 8vo.
75, 6d. nel,

Brown (S, E.), M.A., Camb., B.A., B.5c.,

ndon ; Senior Science Master at Upping-
ham School. A PRACTICAL CHEMIS.-
TRY NOTE-BOOK FOR MATRICULA-
TION AND ARMY CANDIDATES:
EasiEr EXPERIMENTS ON THE COMMONER
SumsTANcCES. Cr. 4fo. 15. 6d. nel,

Browne (Sir Thomas). See Standard
Library.
Brownell (C. L.). THE HEART OF
JAPAN. Illustrated. Third Edition.

Cr. 8vo, 6s.; alse Demy Bve. 6d.
Browning (Robert). See Little Library.
Buckland (Francis T.). CURIOSITIES

OF NATURAL HISTORY. Illustrated

by H. B. NEiLsoN. Cr. Swo. 35 Gd.
Buckton (A. M.) THE BURDEN OF

ENGELA:a Ballad-Epic. Second Edition.

Cr. 8vo. 35 6. mel,

KINGS IN BABYLON. ADrama.

15, #el

Bxo, .
EAGER HEART: A Mystery Play. Fifth

See Textbooks of

Crowan

Edition., Cr. Bvo, 15 nel
Budge (E. A. Wallis), THE GODS OF
THE EGYPTIANS. With over 1co

Coloured Plates and many Illustrations.
Two Volumes. RovalBvo. £3,35. nel.

Buist(H. Massac). THE MOTOR YEAR

BOOK AND AUTOMOBILISTS
ANNUAL FOR 1906. Demy Boo. 75, 64l
mel.

Bull (Paul), Army Chaplain. GOD AND
OUR SOLDIERS. Second Edifion.
Cr. 8vo. G,

Bulley (Miss). See Lady Dilke.

Bunl{an (John). THE PILGRIM'S PRO-
GERESS. Edited, with an Introduction,
by C. H. FirrH, M.A. With 39 Illustra-
tions by R. AuninGg BeErLL. Cr 8o, 65,

See also Library of Devotion and
Standard Library.

Burch (4. J.), M.A., F.R.S. A MANUAL
OF ELECTRICAL SCIENCE, Illus-
trated, Cr. 8zo. 138

Burgess (Gelett), GOOPS AND HOW TO
BEE THEM. IMustrated. Sweall 4fo. Bs.

Burke (Edmund). See Standard Library.

Burn (A. E.), D.D., Rector of Handsworth
and Prebendary of Lichfield.

See Handbooks of Theology.

5

Burn (J. H.), B.D, THE CHURCH-
MAN'S TREASURY OF SONG.
Selected and Edited by, Feap Bvo. 3s. 6d.
net, See also Library of Devotion.

Burnand (Sir F. C.). RECORDS AND
REMINISCENCES. With a Portrait by
Cr. Bpo. Fourth and

bs.

H. v. HERKOMER.
Chleaper Edition.
A Colonial Edition is also published.
Burns (Robert), THE POEMS OF, Edited
by AnprEw Lancand W. A. Crarcie. With
Portrait. Third Edition. Demy Bvo, gilt

fop. 6s.
Burnside (W. F.), M.A. OLD TESTA.

MENT HISTORY FOR USE 1IN
SCHOOLS. Third Editien. Cr Boo.
3+. 6d.

Burton (Alfred). See LLP.L. :

Bussell (F. W.), D.D., Fellow and Vice
Principal of Brasenose College, Oxford.
CHRISTIAN THEOLOGY AND SO-
CIAL PROGRESS: The PBampton
Lectures for 1905. Demy8vo 105, 6d. net.

Butler (Juse?h]. See Standard Library.

Caldecott (Alfred), D.D. See Handbooks
of Theology.

Calderwood (D. S.), Headmaster of the Nor-
mal School, Edinburgh. TEST CARDS
IN EUCLID AND ALGEBRA. In three

ckets of 40, with Answers, 1s. each. Or
in three Books, price 24., 24d., and 34.

Eumbrldg& (Ada) [Mrs. Cross]. THIRTY
YE;’:}{ IN AUSTRALIA. Demy B8vo.
75, Oed,

Canning (George). See Little Library.

Capey (E. F. H.). See Oxford Biographies.

Careless (John)., See[.P.L.

Carlyle (Thomas). THE FRENCH
REVOLUTION. Edited by C. R. L.
FrLErcuer, Fellow of Magdalen College,
Oxford. Three Volumes. Cr. Bvo. 18s.

THE LIFE AND LETTERS OF OLIVER
CROMWELL. With an Introduction

by C. H. FirTH, M.A., and Notes and

P

Appendices by Mrs. S. C. Lomas, Three
Folumes., Demy Bvo. 18s. net.

Carlyle(R. M. and A. J.), M.A. See Leaders
of Religion.

Channer (C. C.) and Roberts (M. E.).
LACEMAKING IN THE MIDLANDS,
PAST AND PRESENT. With 16 full-
page Illustrations. C». 8pe. 25, 6d.

chapman (S. J.). See Books on Business.

Chatterton (Thomas). See Standard
Library.

Chesterfield (Lord), THE LETTERS OF,
TO HIS SON. Edited, with an Introduc-
tion by C. StracuEY, and Notes by A.
Cavturor. Twe Folumes. Cr. 8vo. 125,

Chesterton(G.K.). CHARLES DICKENS.
With two Portraits in photogravure, Foupth
Edition. Demy Bvo. 75, 6d. net.

A Colonial Edition is also published.

Childe (Charles P.), B.A., F.R.C.S. THE
CONTROL OF A SCOURGE : Og,
How Cancer 15 CuraBLE. Demy Buo.
78, 6. nef,
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Christian (F. W.), THE CAROLINE
ISLANDS. With many lllustrations and
Maps, Demy Bvo. 125, 64, nel,

Cicero. See Classical Translations.

Clarke(F. A.), M.A. See Leaders of Religion,

Clausen (George), A, R.A., R.W.5, AIMS
AND IDEALS IN ART :Eight Lectures
delivered to the Students of the Royal
Academy of Arts. With 32 Illustrations.
Second Edition. Large Post Svo. 5s. nel.

SIX LECTURES ON PAINTING. First
Serfes. With 19 Illustrations. Fhird
Edition, Large Post Bvo.  35. 64. nel.

Cleather (A. L.). See Wagner.

Clinch (G.). See Little Guides.

Clough (W. T.). See Junior School Books
and Textbooks of Science.

Clouston (T. S.), M.D., C.C.D., I.R.5.E.,
Lecturer on Mental Diseases in the Uni-
versity of Edinburgh. THE HYGIENE
OF MIND. With 1o Illustrations. Fourik
Edition. Demy Bvo. 75, 6d. net.

Coast I;Wf d.), B.A. EXAMINATION
PAPERS IN VERGIL. C» Bro. 2s.

Cobb (W. F.), M.A. THE BOOK OF
PSALDMIS : witha Commentary. Demey 8vo.
108, 6, ned.

Coleridge (5. T.). POEMS OF. Selected
and Arranged by ArTHUR Symons. With
a photogravure Frontispiece. Fcap. 8wo.
a5, Od. mel.

Collingwood (W, (.), M.A. THE LIFE
OF JOHN RUSKIN. With Portraits.
Stxth Edition. Cr. Bro. 25 64. nel.

Cull_léls (W. E.), M.A. See Churchman's

ibrary.

Colonna. HYPNEROTOMACHIA POLI-
PHILI UBI HUMANA OMNIA NON
NISI SOMNIUM ESSE DOCET
ATQUE OBITER PLURIMA SCITU
SANE QUAM DIGNA COMMEMO-
RAT. An edition limited to 350 copies on
handmade paper. Folio. £3, 35. net.

Combe (William). See [.P.L.

Conrad (Joseph). THE MIRROR OF
THE SEA: Memories and Impressions.
Thivd Editten. Cr. Bpo. 6s.

Cook (A. M.), M.A., and Marchant (C. E.),
M.A. PASSAGES FOR UNSEEN
TEANSLATION. Selected from Greekand
Latin Literature. Flird K. Cr. Boo. 35. 64,

LATIN PASSAGES FOR UNSEEN
TRANSLATION. Third Ed. Cr.Bvo. 15.64.

Cooke-Taylor (R. W.). THE FACTORY
SYSTEM. (- Bos. =25 64,

Corelli (Marie). THE PASSING OF THE
GREAT QUEEN. Second Ed. Feap. 4f0. 15.

A CHRISTMAS GREETING. Cw 4fo. 15,

Corkran (Alice). See Little Books on Art.

Cotes (Everard). SIGNS AND POR-
TENTS IN THE FAR EAST. With 24
Ilustrations. Se¢cond Ldition. Demy Bvo,
7. Ger. nel.

Cotes (Rosemary). DANTE'S GARDEN.,
With a Frontispiece. Second Edition.
Feap, Boo. zs. 64.; leather, 35, 6d. nel.

BIBLE FLOWERS. With a Frontispiece
and Plan. Feap. 8vo. 25. 6d. net.

Cowley (Abraham). See Little Library.

Cowper (William), THE POEMS OF.
Edited with an Introduction and Notes by
J. C. BaiLev, M.A. Illustrated, including
two unpublished designs by WiLLiam
Brage. Demy8vo. 108 64, nef.

Cox (J. Charles), LL.D., F.5.A. See Little
g."-i‘ifsl The Antiquary's Books, and Ancient

1L1e5,

Cox (Harold), B.A., M.P. LAND
NATIONALISATION AND LAND
TAXATION. Second Edition revised.
Cr. Bvo. 345. 6d. nel.

Crabbe EﬂmrgeL See Little Library.

Craigie(W. A.). A PRIMEE OF BURNS.
C#. Boo. 25 64.

Craik (Mrs.). See Little Library.

Crane{ﬂapt. C. P.). See Little Guides.

Crane (Walter), AN ARTIST'S RE-
MINISCENCES. Second Edition.

Crashaw (Richard). See Little Library.

Crawford (F. G.). See Mary C. Danson.

Crofts (T. R. N.), M.A. See Simplified
French Texts.

Cross (J. A.), M.A. THE FAITH OF
THE BIBLE. /Fcap. 8ve. zs. 6d. nel.

Cruikshank (G.). THE LOVING BAL-
LAD OF LORD BEATEMAN. With 11
Plates. O 16me. 15 64, ned

Cri mp(B.). See Wagner.

Cunliffe (Sir F. H. E.), Fellow of All Souls’
College, Oxford. THE HISTORY OF
THE BOER WAR. With many Illus-
trations, Plans, and Portraits. J[n 2 vols.
Quarto. 155 each,

Cunynghame (H. H.), C.B. See Connois-
seur's Library.

Cutts(E. L.), D.D. See Leaders of Religion.

Daniell (G. W.), M.A. See Leaders of
Eeligion.

Danson (Mary C.) and Crawford (F. G.).
FATHERS IN THE FAITH. Feap.
Bvo. 135, 6.

Dante. LA COMMEDIA DI DANTE.
The Italian Textedited by PaceT ToynBEE,
M.A., D.Litt. ' Cr. 8z0. 6s.

THE PURGATORIO OF DANTE.
Translated into Spenserian Prose by C.
Gorpon WricHT. With the Italian text.
Feap, Bvo.  25. 6d. net.,

See also Paget Toynhee, Little Library,
Standard Library, and Warren-Vernon.

Darley (George). See Little Library.

D'Arcy (R. F.), M\A. A NEW HIGDN-
OMETRY FOR BEGINNERS. With
numerous diagrams. Cr. 820, =25 64,

Davenport (Cyril). See ‘Connoisseur’s

Library and Little Books on Art.
Davey (Richard). THE PAGEANT OF
LONDON With 40 Illustrations in

Colour by Joun FvLLeviovE, BRI fuTrwe
Fofunees. Demy 8vo. 155, nel,

Dﬂ."l.‘! [HI w- {:'I:'l h[lAﬂ-, Fl.:"ﬂ‘-‘l" EI:II:T Tutﬂl‘
of Balliol College, Author of * Charlemagne.'
ENGLAND UNDER THE NORMANS
AND ANGEVINS: 1066-1272. WithMaps
and Illustrations. Demey Boo. 105 6d. nel.

Dawson (Nelson). SeeConnoisseur's Library.
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Dursnn (Mrs. N.). See Little Books on

rt.

Deane (A. C.). See Little Library.

Dearmer (Mabel). A CHILD'S LIFE OF
CHRIST. With 8 Iilustrations in Colour
by E. ForTESCUE-BRICKDALE. Large Cr.
Bye. Bs. .

Delbos (Leon). THE METRIC SYSTEM.

Cr. Bro, 25,

Demosthenes. AGAINST CONON AND
CALLICLES., Edited by F. DaArwIN
SwiFt, M.A. Second Edition. Feap.
Bra, 25,

Dickens (Charles). See Little Library,
I.P.L., and Chesterton.

Dickinson (Emily). POEMS. C». Bve.
45, 6. nel.

Dickinson (G. L.), M.A., Fellow of King's
College, Cambridge. THE GREEK
VIEW OF LIFE. Sixth Edition. Cr.

Bro. 25 64,

Dilke (Lady), Bulley (Miss), and Whitley
{Mlﬁs;}. WOMEN'S WORE. | Cr. Boe.
2" L]

Dillon (Edward). See Connoisseur’s Library
and Little Books on Art.

Ditchfield (P. H.), M.A., F.S.A. THE
STORY OF OUR ENGLISH TOWNS.
With an Introduction by AUGUSTUS
JEessorr, D.D. Second Edition. Cr.Bvo. 65,

OLD ENGLISH CUSTOMS: Extant at
the Present Time. C#. Bzo. 61,

ENGLISH VILLAGES. Illustrated. Second
Edition. Cr. Bvo. 25 64 nel.

THE PARISH CLERK. With ir
IMustrations. Third Edifion. Demy Bro.
75. 6. nel.

Dixon (W. M.), M.A. A PRIMER OF
TE&N‘!’SUN. Second Edition. Cr. Sve.
25, 64,

ENGLISH POETRY FROM BLAKE TO
ER&WNING. Second Edition. Cr. Boo.
25.

Doney (May). SONGS OF THE REAL.
Cr. 8vo. 35. 6d4. net.

A volume of poems.

Douglas (James). THE MAN IN THE
PULPIT. Cr 8ro. 25 Gd, nel.

Dowden (J.), D.D., Lord Bishop of Edin-
burgh. See Churchman’s Library.

Drage ((G.). See Books on Business.

Driver(S. R.), D.D., D.C.L., Canon of Christ
Church, Regius Professor of Hebrew in the
University of Oxford. SERMONS ON
SUBJECTS CONNECTED WITH THE
OLD TESTAMENT. C». 8wo. 6s.

See also Westminster Commentaries,
Dry (Wakeling). See Little Guides.
Dryhurst (A. R.). Sce Little Books on Art.

Du I_.‘i:it!samn (J. C.), M.A. See Churchman's
ible.
Duguid (Charles). See Books on Business.
Dumas (Alexander). MY MEMOIRS.
Translated by E. M. WaLLer. With Por-
traits. fn Six Volumes. Cr. Svo. 65, cach.
Volume I.

Dunn (J. T)., D.Se., and Mundella (V. A.).
GENERALELEMENTARY SCIENCE.
With 114 Illustrations. Second Edition.
Cr, Bro. 13s5. 64,

Dunstan (A. E.), B.Sc. See Junior School
Books and Textbooks of Science.

Durkam (The Earl of ). A REPORT ON
CANADA. With an Introductory Note.
Demy Bvo.  45. 6d. nel.

Dutt(W. A.). THE NORFOLK BROADS.
With coloured Illustrations by Frank
SOUTHGATE. Cr. Bve. 6s. v

WILD LIFE IN EAST ANGLIA. With
16 Illustrations in colour by Frank SouTH-
GATE, R.B.A. Second Edition. Demy
Bro.  7s. 6d. nel.

See also Little Guides.

Earle (John), Bishop of Salisbury, MICRO.
COSMOGRAPHIE, or A FPIECE OF
THE WORLID DISCOVERED. Post
16mo. 25 nef.

Edmonds (Major J. E.). See W. B. Wood.

Edwards (Clement), M.P. RAILWAY
NATIONALIZATION. Second Edition
Revised. Crown Buo. 25 6. nel,

Edwards (W. Douglas). See Commercial

eries,

Egan (Pierce). See LLP.L.

Egerton (H. E.), M.A. A HISTORY OF

RITISH COLONIAL POLICY. New
and Cheaper Issue. Demy 8vo. 75. 6d. nel.
A Colonial Edition is also published.

Ellaby (C. G.). See Little Guides.

Ellerton (F. G.). See S. J. Stone.

Ellwood (Thomas), THE HISTORY OF
THE LIFE OF. Edited by C. G. Crump,
M.A. C» 80 6s.

Epictetus. See Aurelius.

Erasmus. A Book called in Latin EN-
CHIRIDION MILITIS CHRISTIANI,
and in English the Manual of the Christian
Knight,

From the edition printed by Wynken de
Worde, 1533. Feap. Bvo. 35 64, nel.

Fairbrother (W. H.), M.A. THE PHILO-
SOPHY OF T. H. GREEN. Second
Edition. Cr.8vo. 3s.64d.

Farrer (Reginald),. THE GARDEN OF
ASTA, Second Edition. Cr. Broe. 6s.

Fea (Allan). SOME BEAUTIES OF THE

SEVENTEENTH CENTURY. Wih
82 Illustrations. Second Edition. Demy
8z0, 125. 64 nel,

Ferrier (Susan). See Little Library.

Fidler (T. Claxton), M.Inst. C.%:. See
Books on Business.

Fielding (Henry). Sece Standard Library.

Finn (S. W.), M.A. See Junior Examination
Series,

Firth (J. B.). See Little Guides.

Firth CROMWELL'S

(C. I‘|+B. M. A.
ARMY: A History of the English Soldier
during the Civil Wars, the Commonwealth,
and the Protectorate. Cr. Bvo. 6s.
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Fisher (. W.), M.A. ANNALS OF
SHREWSBURY SCHOOL. Illustrated.
Demy 8vo. 108, 6d,

FitzGerald (Edward). THE RUBAIVAT
OF OMAR KHAYYAM. Printed from
the Fifth and last Edition. With a Com-
mentary by Mrs. SterHEN Batsown, and a
Biography of Omar by E. D. Ross, Cr.
Bzo. 65. Seealso Miniature Library.

FitzGerald(H. P.). A CONCISE HAND-

JWOOK OF CLIMBERS, TWINERS,
AND WALL SHRUBS. Illustrated.
Feap, Bro. 35 6d. neks

Fitzpatrick (5. A. 0.). See Ancient Cities.

Flecker (W. H.), M.A., D.C.L., Headmaster
of the Dean Close School, Cheltenham.
THE STUDENT'S PRAYER BOOK.
Tue Text or MorMing anp EvEning
PraveEr axp Litaxy. With an Introduc-
tion and Notes. Cr 8o, 25 64d.

Flux (A. W.), M.A., William Dow Professor
of Political Economy in M*Gill University,
Montreal. ECONOMIC PRINCIPLES.
Demy Bvo. 75, 64, nel.

Fortescue(Mrs. (G.). See Little Bookson Art.

Fraser (David), A MODERN CAM-
PAIGN ;: OR, WAR AND WIRELESS
TELEGRAFHY IN THE FAR EAST.
Illustrated. C». 8ve. 6s.

A Colonial Edition is also published.

Fraser (J. F.). ROUND THE WORLD
ON A WHEEL., With 100 Illustrations.
Fifth Edition Cr. Bopo. Bs.

French (W.), M.A, 5See Textbooks of
aclence.

Freudenreich (Ed. von). DAIRY BAC-
TERIOLOGY. A Short Manual for the
Use of Students. Translated by J. E.
MAiwsworRTH Davis, M.A., Second Edition.
Revised. Cr. 8vo. 25 6.

Ful‘ilnrd (H. W.), M.A. See Churchman's

Bible,

(allaher (D.) and Stead (W. J.). THE
COMPLETE RUGBY FOOTBALLER,
ON THE NEW ZEALAND SYSTEM.
With an Account of the Tour of the New
Zealanders in England., With 35 Illustra-
tions. JDemyBrvo. 105 6d. nel.

Gallichan (W. M.). See Little Guides.
Gambado (Geoffrey, Esq.). Sec [.P.L.

Gaskell (Mrs.). See Little Library and
standard Library.

Gasquet, the Right Rev. Abbot, O.5.B. See
Antiquary’s Books.

George(H. B.), M.A., Fellow of New College,
Oxford. BATTLES OF ENGLISH HIS-
TORY,
Kdition.
il:'ll::lu:rl.ing the South African War.
15, O,

A HISTORICAL GEOGRAPHY OF THE
BRITISH EMPIRE. Second Edition.
Cr. Boo. 35. 6d.

Gibbins (H. de B.), Litt.D., M.A. IN.
DUSTRY IN ENGLAND : HISTOFRI-
CAL OUTLINES. With s Maps. Fi/tk
Edition. Demy 8vo. 105 64,

With numerous Plans. Fourik
Revised, with a new Chapter
Cr. Bve.

THE INDUSTRIAL HISTORY OF
ENGLAND, Thirteenth Edition. Re-
vised, With Maps and Plans. Cr. 8ze. 3s.

ENGLISH SOCIAL REFORMERS.
Second Edition. Cr. 8vo. 25, 6d.

See also Commercial Series and R. A.
Hadfield.

Gibbon (Edward). THE DECLINE AND
FALL OF THE ROMAN EMPIRE.
Edited with Notes, Appendices, and Maps,
by J. B. Bury, M.A., Litt.D., h:gius Pro-
fessor of Greek at Cambridge. [fn Seven
Volumes. DemyBuvo, Gilt top,8s.6d. ecach.
Also, Cr, Bvo, Bs. each.

MEMOIRS OF MY LIFE AND WRIT-
INGS. Edited by G. Birxkeeck Hirr,
LL.D Cr. Bzo. 6s.

See also Standard Library.

Gibson (E. C. S.), D.D., Lord Bishop of
Gloucester. See Westminster Commentaries,
Handbooks of Theology, and Oxford Bio-
graphies.

Gilbert (A. R.). See Little Books on Art.

Gloag (M. R.) and Wyatt (Kate M.). A
BOOK OF ENGLISH GARDENS.
With 24 Illustrations in Colour. Demy
8vo. 108, 6d. nel.

Godirey (Elizabeth). A BOOK OF RE-
MEMBRANCE. Edited by. Feap. 8vo.
25. 6. mel.

Godley (A. D.), M.A., Fellow of M?Fda!m
College, Oxford. LYRA FRIVOLA.
Third Edition. Fcap. 8vo. 2s.6d.

VERSES TO ORDER. Second Edition.
Feap. Bro. 25, 6d,

SECOND STRINGS. Feap. B8vo. 25 6d.

Goidsmith (Oliver), THE VICAR OF
WAKEFIELD. Feap. zzmoe. With 10
Plates in Phnéggravum by Tony Johannot.
Leather, z5. 64, nel. c

See also I.P.L. and Standard Library.

Goodrich=Freer (A.)., IN A SYRIAN
SADDLE. Demy 8zo. ]:',r.i'.ﬁrf. net.

A Colonial Edition is also published.

Gorst (Rt, Hon, Sir John), THE CHIL.
DREN OF THE NATION. Second
Edition, Demy 8vo. 75. 6d. net.

Goudge (H. L.), M.A., Principal of Wells
Theological College. See Westminster Com.-

mentaries,
Graham {IP- Anderson). THE RURAL
EXODUS. Cr. 8po. 25 6d.

dranger (F. S.), M.A,, Litt.D. PSYCH-
OLOGY., Third Edition. Cr. Byo. 23, 64d.

THESOULOF ACHRISTIAN. Cr.87v0. 65,

Gray(E. M'Queen). GERMAN PASSAGES
FOR UNSEEN TRANSLATION. Cr
Bwo. 25 64,

Gray (P. L.), B.Sc. THE PRINCIPLES OF
MAGNETISM AND ELECTRICITY:
an Elementary Text-Bock. With 18z
Diagrams. C» 8zo. 13s. 6d.

Green (. Buckland), M.A., late Fellow
of St. John's College, Oxon. NOTES ON
GREEK AND LATIN SYNTAX.
Second Edition. Crown Bve. 35. 64,
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Green (E. T.), M.A.

Library:
ﬂrEEHId} (A. H.J.), M.A, A HISTORY
OF ROME: From 133-104 B.C. Demy
8ve. 108, 6. mel. i ;
Greenwell (Dora). See Miniature Library.
Gregory (R. A.). THE VAULT OF
HEAVEN. A Popular Introduction to
Astronomy. [Illustrated. C». 8vo. 25 6d.
Gregory (Miss E. C.). See Library of
Dievotion.

Grubb(H. C.). See Textbooks ofTEl:hnnlngE.
Gwynn (M. L.). A BIRTHDAY BOOK.,
ew and cheaper issue, KRoyal8vo. 55. nef.
Haddon (A. C.), Sc.D., F.R.5. l-ﬁ_-‘.ﬂDf
HUNTERS BLACK, WHITE, AND
BROWN, With many Illustrations and a
Map. Demy Bvo, 158,

Hadfield (R. A.) and %iihhlns (H. de B.).
A SHORTER WORKING DAY, (.
Boo.  25. 6d.

Hall (R. N.) and Neal (W. G.). THE
ANCIENT RUINS OF ERHODESIA.
Illustrated. Second KEdition, revised.
Demy Bvo. 108, 64, nel,

Hall (R. N.). GREAT ZIMBAEBWE.
With numerous Plans and Illustrations.
Second Edition. Royal Bve. 105 6d. net.

Hamilton (F. J.), D.D. See Byzantine Texts.

Hammond (J. L.). CHARLES JAMES
FOX. DemyBvo. 105 6d.

Hannay (D.).” A SHORT HISTORY OF
THE ROYAL NAVY, 12001688, Illus-
trated. Dewey Bro. 7z, 64, 2ach.

Hannay (James 0.), M.A. THE SPIRIT
AND ORIGIN OF CHRISTIAN
MONASTICISM. Cr. 8ze. 6s.

THE WISDOM OF THEDESERT. Fcap.
Boa. 35, 64, mel.

Hardie(Martin). See Connoisseur's Library.

Hare (A. T.), M.A., THE CONSTRUC-
TION OF LARGEINDUCTION COILS.
With numerous Diagrams. Demey 8vo. 6.

Harrison (Clifford). READING AND
READERS. Fcap. 8ve. 25, 6d.

Harvey (Alfred), M.B. See Ancient Cities,

Hawthorne(Nathaniel). See Little Library.

HEALTH, WEALTH AND WISDOM.
Cr. Boo. 15, mel.

Heath (Frank R.). See Little Guides.
Heath (Dudley). See Connoisseur's Library.

Hello (Ernest), STUDIES IN SAINT-
SHIP. Translated from the French by
V. M. CrawForD. Frap8va. 35, 6d.

Henderson (B. W.), ellow of Exeter
College, Oxford. THE LIFE AND
PRINCIPATE OF THE EMPEROR
NERO. Illustrated. New and cheager
issue.  Demy Bvo. 75 64, nel.

AT INTERVALS. FcapBuvo. 25 6d. net.

Henderson (T. F.). See Little Library an
Oxford Biographies. o

Henderson (T. F.), and Watt (Francis).
SCOTLAND OF TO-DAY. With many
Illustrations, some of which are in colour.
Cr. Bzon

A

See Churchman's | Henley (W. E.).

9

ENGLISH LYRICS.
Second Edition. Cr. Bvo. 25 6d. nel.

Henley (W. E.)and Whibley (C.) A BOOK
OF ENGLISH PROSE. Cr. 8vo. 25 64
net,

Henson (H. H.), B.D., Canon of Westminster.
APOSTOLICCHRISTIANITY : As Illus-
trated by the Epistles of St. Paul to the

Corinthians., Cr. 870, 6s
LIGHT AND LEAVEN : HisSTORICAL AND
SociaL SERMoONS.  Cr. Bop.  bs

Herbert (George). See Library of Devotion.

Herbert of Cherbury (Lord). See Minia-
ture Library.
Hewins (W. A. S.), B.A. ENGLISH

TRADE AND FINANCE IN THE
SE\;ENTEENTH CENTURY. Cr. 8ve.
25. O

Hewitt (Ethel M.) A GOLDEN DIAL.
A Day Book of Prose and Verse. JFeap.

820, z3. 6. mel.

Heywood (W.). PALIO AND PONTE:
A Book of Tusean Games. Illustrated.
KRoval Bro. 215, nel.

See also St. Francis of Assisl.
Hill (Clare). See Textbooks of Technology.

Hill (Henry), B.A., Headmaster of the Boy’s
High School, Worcester, Cape Colony. A
SOUTH AFRICAN ARITHMETIC.
Cr. Bvo.  13s. 64.

Hind (C. Lewis). DAYS IN CORNWALL.
With 16 Illustrations in Colour by WiLLiam
Pascor, and =20 Photographs. Second
Edition., Cr. 8vo. 65,

A Colonial Edition is also published.

Hirst (F. W.) See Books on Business.

Hoare(J. Douglas). ARCTIC EXPLORA.-
TION. With 18 Illustrations and Maps.
Demy Bvo, 75 6d. net.

Hobhouse (L. T.), Fellow of C.C.C., Oxford.
THE THEORY OF KNOWLEDGE.
Demy Bvo, 108, 6d. nel.

Hobson(J. A.), M.A. INTEENATIONAL
TRADE : A Study of Economic Principles.
Cr. Buo. =25, 6. net.

PROBLEMSOF POVERTY. Sixth Edition.
Cr. Bro. 25, 6d.

THE PROBLEM OF THE TUNEM-
PLOYED. Third Edifion. Cr.Bvo. 2564,

Hud%}c!n (T.), D.C.L. See Leaders of

Religion.

Hodgson(Mrs. W.) HOW TO IDENTIFY
OLD CHINESE PORCELAIN. Second
Edition. Post Bvo. 6s.

Hug‘% (Thomas Jefferson). SHELLEY

AT OXFORD. With an Introduction by
R. A. STREATFEILD. JFeap. 8vo. 23, net.

Holden=-Stone (G. de). See Books on

Business.
Holdich (Sir T. H.), K.C.L.E. THE
being a

INDIAN EBORDERLAND:
Illus-

Personal Record of Twenty Years.
trated. Dewty 8vo. 105, 6. net.
A Colonial Edition is also published.

.
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Holdsworth (W, S.), MLA. A HISTORY
OF ENGLISH LAW. i Twoe Folumes.
Vol. I. Demy Bvo. 10s. 64. nel.

Holland (H. Scott), Canon of St. Paul's
See Library of Devotion.

Holt (Emily). THE SECRET OF POPU-
LARITY : How to Achieve Social Success.
Cr. 8vo. 3s. 6ef., mels d

A Colonial Edition is also published.

Holyoake (G. J.). THE CO-OPERATIVE
MOVEMENT TO-DAY. Fourth Edition.
Cr. Bvow  z5. Gd. -

Hone (Nathaniel J.). See Antiquary's Books.

Hoppner. See Little Galleries.
Horace. See Classical Translations.
Horsburgh (E. L. 8.), M.A, WATERLOO :
A Narrative and Criticism. With Plans.
Second Editien. Cr. Bro. 5s.
See also Oxford Biographies.
Horth (A. C.). See Textbooks of Technology.
Horton(R. F.), D.D. See Leadersof Religion.
Hosie (Alexander), MANCHURIA. With
Illustrations and a Map. Second Edifion.
Demy Bro, 75, 64, el
A Colonial Edition is also published.

How (F. D.}). SIX GRE.:".T SCHOOL-
MASTERS., With Portraits and Illuestra-

tions. Second Edition. Dewey Bro. 7s. 64.
Howell (A. G. Ferrers), FRANCISCAN
DAYS. Translated and arranged by. Cr.
Bzro. 35, Bl nel.
Howell {{J. TRADE UNIONISM—NEw
A'HI'I:JHFULD Fourth Edition. Cr. Bvo.
a5, 6.

Hudson (Robert). MEMORIALS OF A
WARWICKSHIRE PARISH. Illustrated.
Demy Bvoe.  155. nel.

Huggins (Sir William), K.C.B., O.M,,
ILC.L, F.R.5. THE ROYAL SOCIETY ;
OR, SCIENCE IN THE STATE AND IN THE
ScuooLs. With 25 Illustrations. Wide
Reyal Bpo. 45, 6. nel,

Hughes (C. E.). THE FPRAISE OF
SHAKESPEARE., An English Antho-
logy. With a Pret‘ace by Sipney LEE.
Demy Boo.  35. 6d. ne

Hughes (Thomas). TGM EROWN'S
SCHOOLDAYS. With an Introduction
and Notes by VeErnon RenDaLL. Leather.
Royal yz2mo. 25 6d. nel.

Hutchinson (Horace G.) THE NEW
FOREST. Illustrated in colour with
so Pictures by WaLTER TvyNDALE and 4
by Lvcy Kemp-WELCH., Third Edition.

C#. 8vo. 6s.
Hutton (A. W.), M.A., See Leaders of
Religion and Library r.rf Devotion. '

Hutton (Edward). THE CITIES OF
UMBEIA.  With many INustrations, of
which zo are in Colour, by A. Pisa. Second
Edition. Cr.Bve. 6o

A Colonial Edition 1s also published.

THE CITIES OF SPAIN. Second Edition,
With many Illustrations, of which 24 are in
Colour, by A. W, RimincTon. Demy 8o,
75 B ner.

MESSRS. METHUEN'S CATALOGUE

FLORENCE AND NORTHERN TUS-
CANY. With Coloured Illustrations by
WiLrLiam Parkinson. Cr. Boo. 65

A Colonial Edition is also published.

ENGLISH LOVE POEMS. Edited with
an Introduction. Feap. Bvo. 35, 6d. met.

Hutton (R. H.). See Leaders of Religion.

Hutton (W. H.), M\A. THE LIFE OF
SIR THOMAS MORE. With Portraits.
Second Edition. Cr. Bvo. s5s.

See also Leaders of Religion.

Hyde(A. G.) GEORGE HERBERT AND
HIS TIMES. With 32 Illustrations.
Dewey Bvo. 108, 6. nel,

Hyett (F. A.). A SHORT HISTORY OF
FLORENCE. Demy8vo. 7s. 6d. net.

Ibsen (Henrik). BRAND. A Drama.
Translated by WiLLiam WiLson., Third
Edition. Cr. Bvo. 3+ 6d.

Inge (W. R.), M.A,, Fellow and Tutor of
ertford College, Oxford. CHRISTIAN
MYSTICISM. The Bampton Lectures for
1899, Demy Bvo. 125, 64. mef. See also
Library of Devotion.

Innes(A. D.), M.A. A HISTORY OF THE
BRITISH IN INDIA. With Maps and
Plans, C# 8va. 65,

ENGLAND UNDER THE TUDORS.
With Maps. Demy 8vo. 105 64. mef.

Jackson (C. E.), B.A. See Textbooks of
Science,
Jackson (S.), M.A. See Commercial Series.

Jackson (F. Hamilton). See Little Guides.

Jﬂgﬂl’! (F.), M.A. See Junior Examination

eries.

James (W, H. N},ARCS ALE.E. See
Textbooks of Technolog

Jeans (J. Stephen). TRLTSTS POOLS;
AND CDRNERS Cr. Bvo. as. 64d.

See also Books on Business,
Jeﬁrars{ﬂ. Gwyn). DOLLY'STHEATRI.
Descrlb:d and Illustrated with z4

Culuun’:d Pictures. SuperRoyal 16mo. 25.64.

Jenks (E.), M.A., Reader of Law in the
University of Oxford. ENGLISH LOCAL
GOVERNMENT. Second Edition. Cr
Bro, 25 64

Jenner (Mrs. H.). See Little Books on Art.

Jennings (Oscar), M.D., Member of the
Bibliographical Society. EARLY WOOD-
CUT IETIPLLS. containing over thirteen
hundred Reproductions of Pictorial Letters
of the Fifteenth and Sixteenth Centuries.
LDemy gifo. 215 mel.

Jessopp (Augustus), D.D. See Leaders of
Eeligion.

Jevnns {F. B.), M.A., Litt.D., Principal of

5 Hatfield's Hall Durhnm RE-
LIGI N IN EVOLUTION. Cr Buo.
35. 64 mel.

See also Churchman's Library and Hand-
books of Theology.
Johnson (Mrs. Barham). WILLIAM BOD-
HAM DONNE AND HIS FRIENDS.
IMustrated. Demty Bro. 105 6. mef.
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Johnston (Sir H. H.), K.C.B. BRITISH
CENTRAL AFRICA. With nearly 200
Illustrations and Six Maps. Third Edition.
Cr. 4fo. 1Bs. net,

A Colonial Edition is also published.

Jones (R. Crompton), M.A. POEMS
OF THE INNER LIFE. Selected by.
Thirteenth Edition. Feap. 8vo. 25. 6d. net.

Jones EH.}. See Commercial Series.

Jones (H. F.). See Textbooks of Science.

Jones (L. A. ﬁtherley)al_ﬁﬂ-, M.P. THE
MINERS' GUIDE TO THE COAL
MINES REGULATION ACTS. Cr 8ze.
ag. 6. mel.

COMMERCE IN WAR. RoyalBvo. 215 net.

Jonson (Ben)., See Standard Library.

Juliana éLadE) of Norwich. REVELA.
TIONSOF DIVINE LOVE, Ed.by Grace
WARRACK. Second Edit. Cr. 8vo. 3s. 6d.

Juvenal. See Classical Translations.

‘Kappa.” LET YOUTH BUT KNOW:
A Plea for Reason in Education.’ Cr. 8ve.
38, 6d. net.

Kaufmann (M.). SOCIALISM AND
MODERN THOUGHT. Second Edition.
C# Bvo. =5 6d. nel.

Keating (J. F.), D.D. THE AGAPE AND
THE EUCHARIST. Cr. 8z0. 3. 6d.
Keats (John). THE POEMS OF. Edited
with Introduction and Notes by E. de Selin-
court, M.A. Second Edition. Demy 8vo.

75, 6d. nel,

REALMS OF GOLD. Selections from the
Works of. Feap. Bvo, 3s. 64, net,

See also Little Library and Standard
Library.

Keble (John), THE CHRISTIAN YEAR.
Withan Introduction and Notesby W, Lock,
D.D., Warden of Keble College. Illustrated
by R. Anving BeLL, Third Edition. Feap.
8wo. 35, 6d. ; padded morocco, 5s.

See also Library of Devotion.

Kelynack (T. N.), M.D., M.R.C.P., Hon.
Secretary of the Society for the Study of
Inebriety. THE DRINK PROBLEM
IN IT MEDICO-S0OCIOLOGICAL
ASPECT. Edited hf. Wilh = Diag[nms..

Demy Bva. 75, 6d. net.
ICemEp s (Thomas &). THE IMITATION
OF CHRIST. With an Introduction by

DeaN Farrar. Illustrated by C. M. GERE.
Thivd Edition. Feap.Buve. 3s. 6d.; padded
MIOFOCCO. 55,

Also Translated by C. Bicg, D.D. C».
8zo, 135, 6d. See also Library of Devotion
and Standard Library.

THE GREEN

I(ennedil (Bart.).
SPHINX, Cr. 8vs. 3s. 6d. nel.

A Colonial Edition is also published.

Kennedy (James Houghton), D.D., Assist-
ant Lecturer in Divinity in the University of
Dublin. ST. PAUL'S SECOND AND
THIRD EPISTLES TO THE CORIN.-
THIANS. With Introduction, Dissertations
and Notes. Cr. Boo. 6s5.

Kimmins (C. W.), M.A. THE CHEMIS-
TRY OF LIFE AND HEALTH. 1llus-
trated. Cr. Bvo. 25 64,

——

II

Kinglake (A, W.). See Little Library.

Kinﬁn (Rudyard). BARRACK-ROOM
EALE&DS. Bothe Thousand. Tweniy-
second Edition. Cr. Bve. 6s.

A Colonial Edition is also published.

THE SEVEN SEAS. 63rd Thowsand.
Eleventh Edition. Cr. 8vo. bs.

A Colonial Edition is also published.

THE FIVE NATIONS. 4usf Thowsand.
Second Edition. Cr. 8vs. 65,

A Colonial Edition is also published.

DEPARTMENTAL DITTIES. Sixfeenth
Edition, Cr. 8ve. 6.

A Colonial Edition is also published.

Knight (Albert E.). THE COMPLETE
CRICKETER. Illus, Demy8vo. 75. 6d. net.

A Colonial Edition is also published.

Hni%’ht (H. J. C.), M.A. See Churchman's
Bible.

Knowling (R, J.), M.A., Professor of New
Testament Exegesis at King's College,
London. See Westminster Commentaries.
Lamb (Charles and Mary), THE WORKS
OF. Edited by E. V. Lucas. Illustrated
1 Seven Voluwmes., Deney Bvo. 5. 6, each.
See also Little Library and E. V. Lucas,

Lambert (F. A. H.). See Little Guides.

Lambros {(Professor). See Byrantine Texts.

Lane=Poole (Stanley). A HISTORY OF
EGYPTIN THE MIDDLE AGES. Fully
Illustrated. C#. 8zo. 65,

l..un]ghridg'ﬂ{F.}, M.A. BALLADSOF THE
BRAVE : Poems of Chivalry, Enterprise,
Courage, and Constancy. Third Edition.
Cr. Bvo. =25, G4, ;

Law (William). See Library of Devotion
and Standard Library.

Leach (Henry). THE DUKE OF DEVON-
SHIRE. A Biography. With 12 Illustra-
tions. DemyBro. 125 6d. nel

See also James Braid.

GREAT GOLFERS IN THE MAKING.
With 34 Portraits. Demey8vo. 7s. 64, net.

Le Braz (Anatole). "HE LAND OQF
PARDONS. Translated by Frances M.
GosTrLing, Illustrated in colour. Second
Edition. Demy 8vo. 7s. 6d. net,

Lee (Captain L. Melville), A HISTORY
OF POLICE IN ENGLAND. C#. 8ve.
35 Bt mel.

Leigh(Percival). THE COMIC ENGLISH

AMMAR. Embellished with upwards
of so characteristic Illustrations by Jowum
LEEcH. Post1bmig. 25 64, nel,

Lewes (V. B.), M.A. AIR AND WATER.
Illustrated. C# 8pe. 25 64,

Lewis (Mrs. Gwyn), A CONCISE
HANDBOOK OF GARDEN SHRUBS.
Illustrated. Feap. Bvo. 35. 64, wet.

Lisle (Fortunfede). Sece Little Bookson Art.

Littlehales(H.). See Antiquary’s Books.

Lock (Walter), D.D., Warden of Keble
College. ST. PAUL, THE MASTER-
BUILDER, Second Ed. Cr 8vo. 25, B,

THE BIELE AND CHRISTIAN LIFE.
C». Bvo. 6s.

See also Leaders of Religion and Library
of Devotion.
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Locker (F.). See Little Library.

Lodge (Sir Oliver), F.R.5. THE SUB-
STANCE OF FAITH ALLIED WITH
SCIENCE: A Catechism for Parents
and Teachers. Eiehth Ed. Cr.8vo. 25 nef.

Lofthouse (W. F.), M.A. ETHICS AND
ATONEMENT. With a Frontispiece.

Dewey Buo, 53, nel,
Longfellow (H. W.). See Little Library.
Lorimer (George Horace). LETTERS

FROM A SELF-MADE MERCHANT
TGﬁI;?IFIS SON. Sivteenth Edition. Cr. Buvo.
35. -

A Colonial Edition is also published.
OLD GORGON GRAHAM. Second Edition.

L Bro, Bs.

A Colonial Edition is also published.
Lover (Samuel). Seel. P. 1. ;
E.V, L. and C. L./d. ENGLAND DAY BY

DAY : Or, The Englishman's Handbook to
Efficiency. Illustrated by GEorcE MorROW.
Fourth Edition. Feap 4o, 15. nel.

Lucas(E.V.). THELIFEOF CHARLES
LAMB. With 25 Illustrations. T kird
Edition. Demy Bvo. 5. 6d. net.

A Colonial Edition is also published.

A WANDERER IN HOLLAND, With
many Illustrations, of which 2o are in Colour
oy HERBERT MARSHALL. Sepenth Edifion.
Ly, Bro., bBs.

A Colonial Edition is also published.

A WANDERER IN LONDON. With 16
Illustrations in Colour by NeLson Dawson,
and 36 other Illustrations. #i/th Edition.
Cr. Bvo. 6.

A Colonial Edition is also published.

INE., Third

FIRESIDE AND SUNS
Edition. Fecap. 8vo. 5s.

THE OPEN ROAD : a Little Book for Way-
farers. FEleventh Edition. Feap. Bvs. 55,3
fndie Paper, 75, 6d.

THE FRIENDLY TOWN : a Little Book
for the Urbane. Third Edition. Fcap.
Bro. 583 [ndia Paper, 75. 6d.

CHARACTER AND COMEDY. Second
Edition.

Lucian. See Classical Translations.

Lyde (L. W.), M.A. See Commercial Series.

Lydon(Noel 5.). SeeJunior School Books .

Lyttelton(Hon. Mrs. A.). WOMEN AND
THEIR WORK, Cr Bzo, 25 6d.

Macaulay (Lord). CRITICAL AND HIS-
TORICAL ESSAYS. Edited by F, C. Mox-
TAGUE, M.A. Three Folumes., Cr. Bvo. 185

The only edition of this book completely
annotated.

M'Allen (J. E. B.), M.A. See Commercial
Series.

MacCulloch (J. A.). See Churchman's
Library.

MacCunn (Florence A.). MARY
STUART. With over 6o lllustrations, in-
cluding a Frontispiece in Photogravure.
.Sl'aamgami Cheaper Edition. Cr.Buvs. 6s.

See also Leaders of Religion. 3

McDermott (E. R.). See Books on Business.

M*‘Dowall(A. S.). See Oxford Biographies.

Mackay(A. M.). See Churchman's Library.

MESSRS. METHUEN'S CATALOGUE

Macklin (Herbert W.), M.A. See Anti-
quary's Books,

Mackenzie (W. Leslie), M.A., M.D.,
D.P.H., etc. THE HEALTH OF THE
SCHOOL CHILD. Cr.Bre. 25 64.

Mdlle Mori (Author of). ST. CATHER-
INE OF SIENA AND HER TIMES.
With 28 Illustrations. DemeyBoo. 75.6d.met.

Magnus (Laurie), M.A. A PRIMER OF
WORDSWORTH, Cr 8ve. zs. 6d.

Mabhaffy (J. P.), Litt. D. A HISTORY OF
THE EGYPT OF THE PTOLEMIES.
Fully Illustrated. Cr. 8vo. 6s.

Maitland (F. W.), LL.D., Downing Professor
of the Laws of England in the University of

Cambridge. CANON LAW IN ENG-
LAND. RoyaiBve. 7s. 6d.
Malden (H. E.), M.A. ENGLISH RE-

CORDS. A Companion to the History of
England. C». 8vo. 35 6d.

THE ENGLISH CITIZEN : HIS RIGHTS
AND DUTIES. Seventh Edition. Cr.
8ze. 14, 64,

See also School Histories.

Marchant (E. C.), M.A., Fellow of Peter-
house, Cambridge. A GREEK ANTHO-
LOGY Second Edition. Cr. Bvo. 3s. 6d.

See also A. M. Cook.

Marr(J. E.), F.R.5., Fellowof 5t John's Col-
lege, Cambridge. THE SCIENTIFIC
STUDY OF SCENERY. Second Edition.
Illustrated. C». Bvo. 06s.

AGRICULTURAL GEOLOGY. Illustrated.
Cr. Boe. 65,

Marriott (J. A. R.). FALKLAND AND
HIS TIMES. With =20 Illustrations.
Second Ed. Demy 8vo. 75, 6d. nel.

A Colonial Edition is also published.
Marvell (Andrew). See Littfe Library.
Masefield (John). SEA LIFE IN NEL-

SDI;';S TIME. Illustrated. C» Boe.

« Oaty mel,

ON THE SPANISH MAIN. With 22
Illustrations and a Map. Demy B8vo.
105. 6. nel,

A SAILOR'S GARLAND. Edited and
Selected by. Cr. 8vo. 35. 6d. nef.

Maskell (A.g. See Connoisseur’s Library.

Mason(A. J.), D.D. See Leadersof Religion.
Massee (George). THE EVOLUTION OF

PLANT LIFE : Lower Forms., Illustrated,
Cr, Boo. 25 6d.

Masterman (C. F. G.), M.A., M.P.
TENNYSON AS A RELIGIOUS

TEACHER. Cr. 8ze. 6o,

Matheson (Mrs. E. F.). COUNSELS OF
LIFE. Feap. 8vo. 25 6d. nel.

May (Phil), THE PHIL MAY ALBUM.
Second Edition. 4fo. 15. mel.

Mellows (Emma S.). ASHORT STORY
OF ENGLISH LITERATURE. O~
Bvo. 3s. 6d.

Methuen (A. M. S.). THE TRAGEDY
OF SOUTH AFRICA. Cr. 8vo. 25 mel.
Also Cr. 8vo. 3d. net.

A revised and enlarged edition of the
author's ‘Peace or War in South
Africa.’



GENERAL LITERATURE

ENGLAND'S RUIN : DiscussED IN Six-
TEEN LErteErs T0 THE RicaT Hon.
JosepH CHAMBERLAIN, M.P. Seventh Edi-
fion. Cw, Bre. 3d. nel.

Miles (Eustace), M.A. LIFE AFTER
LIFE, OR, THE THEORY OF REIN-
CAERNATION. Cr Bz, 25 64, net.

Millais (J. G.). THE LIFE AND LET.
TERS OF SIR JOHN EVERETT
MILLAIS, Presidentofthe Royal ﬂcadzmy.
With many Illustrations, of which 2 are in
Photogravure. New Editfion, Demy Brvo.
75, G, mel,

See also Little Galleries.

Millin (G. F.). PICTORIAL GARDEN-
ING. Illustrated. C». Boo. 3s. 64, nef.
Millis (C. T.), M. L. M.E. See Texthooks of

Technology.

Milne (J. G.), M.A. A HISTORY OF
ROMAN EGYPT. FullyIllus, Cr. 8po. 6s.

Milton (John). A DAY BOOK OF.

Edited by R. F. Towndrow. Feap. 8vo.
35, 6. mel.
See also Little Library and Standard
Library.

Minchin(H. C.),M.A. See R. Peel.
Mitchell(P. Chalmers), M.A. OUTLINES
OF BIOLOGY. Illustrated. Second Fdi.

tion, (r.Bwmo. Bs.

Mitton (G. E.). ANE AUSTEN AND
HEER TIMES. With many Portraits and
Ilustrations. Second and Cheager Edition.
Cr. 8vo. 6s.

A Colonial Edition is also published.

Moffat (Mary M.). QUEEN LOUISA OF
PRUSSIA. With zo Illustrations. Fourth
Edition. Demy Bvo. 35, 6d. nel.

"Maoil (A.).! See Books on Business,

Moir (D. M.), See Little Library.

Molinos (Dr. Michael de), See Library of
Dievotion.

Money (L. G. Chiozza), M.P. RICHES
AND POVERTY. Third Edition. Demy
Bvo. 55 nel,

Montagu (Henry), Earl of Manchester, See
Library of Devotion.

Montaigne. A DAY BOOK OF. Edited
by C. F. Ponp. Fcap. 8vo. 35. 6d. mel.
Montmorency (J. E. G. de), B.A., LL.B,
THOMAS A KEMPIS, HIS AGE AND
BOOK. "With 22 1llustrations. Second

Edition. Demy 8vo. 75.6d. nel.

Moore (H. E.). BACK TO THE LAND.

An Inquiry into Rural Depopulation. Cr.
Bre. 25 6d.
Moorhouse (E. Hallam). NELSON'S

LADY HAMILTON. With st Portraits.
Second Edition. Demy Bvo. 75, 6d. nel.
A Colonial Edition is also published.
Moran(Clarence (. ). See Bookson Business.
More (Sir Thomas). See Standard Library.
Morfill (W. R.), Oriel College, Oxford. A
HISTORY OF RUSSIA FROM PETER
THE GREAT TO ALEXANDER II
With Mapsand Plans, Cr Bro. 3s. 64.

Morich (R. J.), late of Clifton College. See
School Examination Series,
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Morris (.!'.%. THE MAKERS OF JAPAN.

With 24 Illustrations. Demy Bve. 124, 6d.
nel

A Colonial Edition is also published.
Morris (J. E.). See Little Guides.
Murtlfm (Miss Anderson). See Miss Brod-

rick.
Moule (H. C. G.), D.D., Lord Bishop of Dur-

ham. See Leaders of Religion.
Muir (M. M. Pattison), M.A. THE
CHEMISTRY OF FIRE. Illustrated.

Cr, Bpo, =o:5. Gd.
Mundella (V. A.), M.A, See J. T. Dunn.
Munro(R.), LL.D., See J‘Lnti(tmrg,r's Books.
Naval Officer (A), See L. P. L.

Neal (W. (G.). See R. N. Hall.
Newman (Ernest). HUGO WOLF.
Demy 8vo. 6s.

Newman(George), M.D.,D.P.H.,F.R.5.E.,
Lecturer on Public Health at St. Bartholo-
mew's Hospital, and Medical Officer of
Health of the Metropolitan Borough of
Finsbury, INFANT MORTALITY, A
SoctaL ProerLEm. With 16 Diagrams.
Demey 8vo. 75, 64d. net.

Newman (J. H.) and others.

of Devotion.

Nichols (J. B. B.). See Little Library.

Nicklin (T.), M.A, EXAMINATION
PAPERS IN THUCYDIDES. Cr. 8vo. 2s5.

Nimrod. Seel. P. L.

Norgate (G. Le Grys). THE LIFE OF
SIR WALTEER SCOTT. Illustrated.
Dewmy Boo. 75, 64, nel,

Norregaard (B. W.)., THE GREAT
SIEGE : The Investment and Fall of Port
Arthur. Illustrated. Dewmy 8z0. 1085. 64 neld,

Norway (A. H.). NAPLES. With 25 Col-
oured Illustrations by MAURICE GREIFFEN-
HAGEN. Second Edition. Cr. 8vp, 6s.

Novalis. THE DISCIPLES AT SAIS AND
OTHER FRAGMENTS. Edited by Miss
Una BircH. JFeap. Bro. 3s. 6d.

Oldfield (W. J.), M.A,, %’mhendar}- of
Lincoln. A PRIMER OF RELIGION.
Basep oN THE CATECHISM OF THE CHURCH
oF ENGLAND. Feap. Bvo. zs. 64,

Oldham (F. M.), B.A. See Textbooks of
Science.

Oliphant (Mrs.). See Leaders of Religion.

ﬂmﬂn{CO wl C!}r h‘li-ﬂl, FE"GW ﬂf Jﬁl." Sﬂuh'
Oxford. A HISTORY OF THE ART
OF WAR. The Middle Ages, from the
Fourth to the Fourteenth Century. Illus-
trated, Demy Bvo. 105, 64, net.

Ottley (R. L.),D.D. See Handbooks of
Theology and Leaders of Religion,

Overton (J. H.). See Leaders of Religion.

ﬂwen{ﬂ'ﬂuﬁlﬂs]. See Books on Business,

Oxford (M. N.), of Guy's Hospital. A HAND.
BOOK OF NURSING. ZFourth Edition.
Cr. 8vo. 135. 6d.

Pakes (W, C. C.). THE SCIENCE OF
HYGIENE. Illustrated. Demy Bvo. 155

Palmer(Frederick). WITH KUROKI IN
MANCHURIA. Illustrated. TWhird
Edition, Demy Bvo, 75, 6d. net.

See Library
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Parker (Gilbert).
Feap, Bro. ss.
Parkes (A. K.). SMALL LESSONS ON
GREAT TRUTHS. Feap. Bvo, 1s. 6d.
Parkinson (John), PARADISI IN SOLE

PARADISUS TERRESTRIS, OR A
GARDEN OF ALL SORTS OF PLEA-
SANT FLOWERS. Folio. £3, 3s. nel.
Parmenter (John). HELIO-TROPES, OR
NEW POSIES FOR SUNDIALS, 16z:.

A LOVER'S DIARY.

Edited by PercivalL Lawpon. Quasrie.
35. 6. net,

Parmentier (Prof. Leon). See Byzantine
Texts.

Parsons (Mrs. Clement). GARRICK
AND HIS CIRCLE. With 36 Illustra-
trations. Second Editien. Demy Buo.
125. 6. et

A Colonial Edition is also published.

Pascal. See Library of Devotion.

Paston [(ieorgegl.‘ SOCIAL CARICA-
TURE IN HE EIGHTEENTH
CENTURY. With over zec Illustrations.
Taperial Quarto. £z, 125, 64, nel,

Seealso Little Books on Art and LL.P. L.

LADY MARY WORTLEY MONTAGU.
With =24 Portraits and Illustrations.
Second Edition. Demy 8o, 155, a2l

A Colonial Edition is also published.

Paterson(W. R.)(Benjamin Swift). LIFE'S
QUESTIONINGS. Cr. Bvo. 35. 64, mel.

Patterson (A, H.). NOTES OF AN EAST
COAST NATURALIST. Illustrated in
Colour by F. SouTHGATE. Second Editfion.
Cr. Bro. 6s.

NATURE IN EASTERN NORFOLEK.
A series of observations on the Birds,
Fishes, Mammals, Reptiles, and Stalk-
eyed Crustaceans found in that neigh-
bourhood, with a list of the species. With
1z Illustrations in colour, by Frank
SOUTHGATE. JSecond FEdition. Cr. Bvo.

Peacock (N.). See Littie Books on Art,

Peake (C. M. A.), F.R.HS. A CON-
CISE HANDBEOOK OF GARDEN
ANNUAL AND BIENNIAL PLANTS.
With 24 Illustrations. Feap. Bvo. 35, 6d. netf,

Peel (Robert), and Minchin (H. C.), M. A,
OXFORD. With 100 Illustrations in
Colour, C». Bzo. B85,

Peel (Sidney), late Fellow of Trinity College,
Oxford, and Secretary to the Royal Com-
mission on the Licensing Laws. PRACTI-
CAL LICENSING REFOERM. Second
FEdition, Cr. Bvo, 15, 64,

Petrie(W.M.Flinders),D.C. L., LL.D., Pro-
fessor of Egyptology at University Cnflege.
A HISTORY OF EGYPT, FrROM THE
EArLIEST TiMmeEs TO THE PrEseEnT Dav.
Fully Illustrated. J[# six volumes. Cr.
Bro, 65, each.

Yor. 1. Prewmistoric Times To XVirn
Dynasty, Sixih Edition.

MESSRS. METHUEN’S CATALOGUE

Vor. 1. Tur XVIiite Anp XVIHITH
Dvnasties, Fourih Edilion.

Vor nn. XIXTtH To XXXTH DYNASTIES.

Yor. 1v. Tue EcyerT OF THE PTOLEMIES.
J. P. Manarry, Litt. D,

Vor. v. Romaw Ecver. J. G. MiLNE, M. A,

Vor, vi. Ecvrr 1N THE MIDDLE AGES.
StanNLEY Lane-PooLg, M.A.

RELIGION AND CONSCIENCE IN
ANCIENT EGYPT. Illustrated. C»
8vo. o5 64,

SYRIA AND EGYPT, FROM THE TELL
ELAMARNA TABLETS. Cr. 8vo. 25. 6d.

EGYPTIAN TALES. Illustrated Tris-
TraM ELLIS. Jr Twe Fofumes. Cr. Bvo.
a5, 6. each. 2

EGYPTIAN DECORATIVE ART. With

2o Illustrations. Cr. 8re.  35. 6d. |
Phillips (W. A.). See Oxford Biographies,

Phillpotts (Eden). MY DEVO EAR.
With 38 Illustrations by )I Ley PETHY-
BERIDGE. Second and Cheaper Edition.
Large Cr. Bop.  Bs.

UP ALONG AND DOWN ALONG.
Illustrated by CLAUDE SHEPPERSON.
Cr. 4fo. 55 nel

A volume of poems. ) ffe
Plarr (Victor G.). See School Histories.
Plato. See Standard Library. \ y
Plautus. THE CAPTIVI, Edited, with

an Introduction, Textual Notes, and a Com-
mentary, by W. M. Lixpsay, Fellow of
Jesus College,Oxford. Demey 8zo. :m.ﬁ:f_.wr.
Plowden-Wardlaw (J. T.) B.A.,, King's
College, Cambridge. See School Examina.

tion Series.
Podmore (Frank). MODERN G5PIRI-

TUALISM. Twe Folumes. Demy 8vo,
215, nel, 1
A History and a Criticism.
Poer (J. Patrick Le). A MODERN

LEGIONARY. Cr 8zv. 6s

Pollard (Alice). See Little Books on Art.

Pollard(A. W.). OLD PICTURE BOOKS.
Illustrated. Demy 8zo. 75, 6d. nel.

Pollard(ElizaF.)., See Little Books on Art.

Pollock (David), M.I.N.A. See Books on
Business,

Potter (M. C.), M.A., F.1.LS. A TEXT-
BOOK OF AGRICULTURAL BOTANY,
Illus:f'rated. Second Edition, C» Brwo.
45 6.

Power (J. 0'Connor). THE MAKING
OF AN ORATOR. Cr. 8po. 6s.

Prance (G.). See R. Wyon.

Prescott (0. L.). ABOUT MUSIC, AND
WHAT IT IS MADE OF. Cr. B8ove.
. Ged, 22t

Pri{.:e (L. L.), M.A., Fellow of Oriel College,
Oxon. A HISTORY OF ENGLISH
POLITICAL ECONOMY. Fourth Edi-
fien, Cr, Bvo. =25 6d4.

Primrose (Deborah), A MODERN
B(EQTIA. C». Bvo, 6s.

Protheroe (Ernest). THE DOMINION
OF MAN. GeoGrAPHY 1N 1Ts Humaw
Aspect. With 32 full-page Illustrations.
Cr. Bvo. 25
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Pugin and Rowlandson. THE MICRO-
COSM OF LONDON, or Loxpon IN
MintaTure. With 104 Illustrations in

colour. [n Three Volumes. Small 4io.
£3, 35. net.
‘Q’ a-'s.. T. Quiller Couch). THE

GOLDEN POMP. A, PrROCESSION OF
Encrisu Lyrics. Second Edition. Cr. Bve.
25, 6. nel.
uevedo Villegas. See Miniature Library.
RESPONDENCE. Cr 8ve. 6s.

A Colonial Edition is also published.

Rackham (R, B.), M.A. See Westminster
Commentaries.

Rn%% Laura M.). THE WOMEN-ART-
| OF BOLOGNA. With zo Illus-

trations. Demy 8vo. 75, 6d. net.

Ragg (Lonsdale). B.D., Oson. DANTE

D HIS ITALY. With 32 Illustra-
tions largely from contemporary Frescoes
and Documents. HDemy Bro. 125 64. nel.

Rahtz (F. J.), M.A., B.Sc., Lecturer in
English at Merchant Venturers' Technical
College, Bristol. HIGHER ENGLISH.
Second Edition, Cr. Bve. 3s. 6d,

Randolph (B. W.), D.D. See Library of
Devotion.

Rannie (D. W.), M.A. A STUDENT'S
ngdTﬂRY OF SCOTLAND. Cr. 8zo.
.3!‘0 -

Rashdall {Hasﬂngs). M.A., Fellow and
Tuter of New Collepe, Oxford. DOC-
TRINE AND DEVELOPMENT. (.
8ro. 65,

Raven (J. J.),D.D. See Antiquary's Books.

Rawstorne (Lawrence, Es ci See I.P. L.

Rﬂl{mund( alter). See School Histories,

A Real Paddy. Seel.P.L.

Reason (W.), M.A., UNIVERSITY AND
SDEéﬂL SETTLEMENTS. C». Svo.
g':l -

Redpath (H. A.), M.A. See Westminster

oOmmentaries,

Reynolds. See Little Galleries,

Rhoades (J.F.). See Simplified French Texts.

Rhodes (W. E.). See School Histories.

Rieu (H.), M.A. See Simplified French
Texts.

Roberts (M. E.g. See C. C. Channer.

Robertson (IA » D.D., Lord Bishop of
Exeter., REGNUM DEI, The Bampton
Lectures of ‘::gm. Demy Bvo. 7s. 6d. net,

Rnbert.mnﬁ . Grant). M.A., Fellow of All
Souls' College, Oxford, Examiner-in the
Honours School of Modern History, Oxford,
1go1-1904. SELECT STATUTES, CASES,
AND CONSTITUTIONAL  DOCTU.
ME.NTS, 1660-1832, Demy Bvo. 105, 64.
net.

Robertson (C. Grant) and Bartholomew
(J. G.), F.RS.E., F.R.G.S. A HIS.-
TORICAL AND MODERN ATLAS OF
TH&%BR}TISH EMPIRE. Demy Quarto.
45, 64, net.

Robertson (SirG.5.),K.C.5.1. CHITRAL:
ij: STORY OF A MINoR Si1EGE. Third
Edition. lllustrated. Cr.8v0. 25. 64, net.

L5

Robinson (A. W.), M.A. See Churchman's
Bible.

Robinson (Cecilia). THE MINISTRY
OF DEACOMNESSES. With an Introduc-
tion by the late Archbishep of Canterbury.
Cr, 8o, 95 64,

Robinson (I'}. S.). See Connoisseur's Library.

Rochefoucauld (La). See Little Library.

Rodwell (G.), B.A. NEW TESTAMENT
GREEK. A Course for Beginners. With
a Preface by WaLTERr Lock, D.D., Warden
of Keble College. Feap. Bvo. 35 64,

Roe(Fred). OLD OAK FURNITURE. With
many Illustrations by the Author, including
afrontispiece in colour. Demy Bvo. 105 6.
nel.

Rogers (A. G. L.), M.A. See Boocks on
Business.

Romney.

Roscoe (E. S.).

See Little Galleries.

See Little Guides.

Rose (Edward). THE ROSE READER.
Illustrated. C». 8zo. 25 6d. Also in 4
Parts., Pawrts I. and Il, 64, cacl; Part
Irr 8d. » Part IV. 104,

Rowntree (Joshua). A THE IMPERIAL
DRUG TRADE. A Re-STATEMENT or
THE OQOprrom  Question. Second and
Cheafer Edilion. Cr. Bro. 25 nel.

Royde=Smith (N. G.). THE PILLOW
BOOK : A GarweEr oF Mawny Moops,
Second Edition. Cr.8vo. 45.6d. net

RuhieL{A. E.), D.D. See Junior School

ooks,

Russell (W. Clark). THE LIFE OF
ADMIRAL LORD COLLINGWOOD.
With Illustrations by F. DBrancwyw,
Fourth Edition. Cr. 8ve, 6s.

Sainsbury (Harrington), M.D., F.R.C.P.
PRINCIPIATHERAPEUTICA,
Dewey Boo, 75 6d. nel.

St. Anselm. See Library of Devotion.

St. Augustine. See Library of Devotion.

St. Bernard., See Library of Devation.

Sales (St. Francis de). See Library of
Devotion.

St. Cyres (Viscount). See Oxford Bio-

E—rzigh:es.

S rancis of Assisi. THE LITTLE
FLOWERS OF THE GLORIOUS
MESSER ST. FRANCIS AND HIS
FRIARS. Nmylg translated by WirLLiam
Hevwoop. With an Introduction by A.
G. F. HoweLL, and 4o Illustrations from
Italian Painters. Demy 8vo. 55 nef.

See also Standard Library and Library of

Devotion.

‘Saki’ (H. Munro). REGINALD. Second
Edition. Feap. 8vo. 25. 6d4. net.

Salmon (A. L.). SeeLittle Guides.

Sargqa_!mt (J.), M.A. ANNALS OF
WESTMINSTER SCHOOL. Illustrated.
Demy Bvo. 7s. 6d.

Sathas (C.). See Byzantine Texts.

Schmitt (John)., See Byzantine Texts.

Scott (A. M.). WINSTON SPENCER
CHURCHILL. With Portraits and 11lus.
trations. C», 8vo. 35 6d.

Scudamore (Cyril). See Little Guides.
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Sells (V. P.), M.A. THE MECHANICS
OF DAILY LIFE. Illustrated., Cr, 8ve,
as. 6d.

Selous (Edmund). TOMMY SMITH'S
ANIMALS. Illustrated by G. W. Orp,
Ninth Edition. Feap. Bvo. 25. 6d.

School Edition, 15. 6d.

TOMMY SMITH'S OTHER ANIMALS,

With 12 Illustrations by AvcusTA GUEST.

Third Edition. Fcap. Boo. 25,064,
Settle (J. H.). NECDOTES OF
SOLDIERS. Cr. 8vo. 3s. 6d. nel.

Shakespeare (William),

THE FOUR FOLIOS, 16z3; 1632; 1664;
1685s. Each £4, 45. nel, or a complete set,
L1z, 125 nel

Folios 3 and 4 are ready.

Folio 2 is nearly ready.

See also Arden, Standard Library and
Little Quarto Shakespeare.

Sharp (A.). VICTORIAN POETS. Cr
Bvo. 25. 6d. 2

Sharp (Cecil). See S. Baring-Gould,

Sharp (Mrs. E. A.). See Little Books on
Art.

Shedlock (J. S.) THE PIANOFORTE
SONATA. Cr. 8ve. ss.

Shelley (Percy B.). ADONAIS; an Elegy
on the death of John Keats, Author of
‘ Endymion,' etc. Pisa. From the types of
Didot, 1821. =2s. #sel.

Sheppard (H. F.), M.A. See 5. Baring-
Gwc?uqs. 4

Sherwell (Arthur), M A. LIFE IN WEST
LONDON. Third Edition. Cr. 8ve.
as. bd.

Shipley (Mary E.). AN ENGLISH
CHURCH HISTORY FOR CHILD-
REN. A.D.597-1066. With a Preface by
the Bishop of Gibraltar. With Maps and
Illustrations. Cr Boe. =25 64, nel

Simonson (G. A.)), FRANCESCO
GUARDI. With 41 Plates. [wiperial
4fo. Az, 25 nel

Skﬁtchli}:}' (R. E. D.). See Little Books on

rt.

Skiptnn (H. P. K.). See Liitle Books on
t

AT,

Sladen (Douglas). SICILY: The New
Winter Resort. With over zoo Illustrations.
Second Edition. Cr. Bvo. s5s. net.

Small (Evan), M.A, THE EARTH. An
Introduction to Physiography. Illustrated.
Cr. Boo. 235 64

Smallwood (M. G.).
Art.

See Little Books on

Smedley (F. E.). Seel.P.L.

Smith (Adam). THE WEALTH OF
NATIONS. Edited with an Introduction
and numerous Notes by Epwin CannNan,
M.A. Twe volumes. Demy8vo. 215 nel.

Smith (Horace and James), See Little
Library.

MESSRS. METHUEN'S CATALOGUE

Smith (H. Bompas), M\A, A NEW
JUNIOR ARITHMETIC. Crown Buoo.
25,  With Answers, 25. 6d.

Smith (R. Mudie). THOUGHTS FOR
THE DAY. Edited by. JZFcap. Evo.
35, 6. nel.

Smith (Nowell C.). See W. Wordsworth.

Smith (John Thomas). A BOOK FOR
A RAINY DAY :Or, Recollections of the
Events of the Years 1766-1833. Edited b
Wicrrep WHITTEN. Illustrated. Wide

Dewey Bpo. 125, 64, nel.
Snell (F. J.). A BOOK OF EXMOOR.

Hlustrated, Cr. Bro. 6Gs.
Snowden(C. E.). A HANDY DIGEST OF
BRITISH HISTORY. Demy Bvo. 45. 64,

Sophocles. See Classical Translations.
Sornet (L. A.). See Junior School Books.
South (E.Wilton), M.A. See Junior School

Books.
Southey (R.). ENGLISH SEAMEN.
Edited by Davip Hannay.

Vol. 1. (Howard, Clifford, Hawkins,
Drake, Cavendish). Second Edition. Cr.
Bz, 6s.

Vol. 1. (Richard Hawkins, Grenville,
Essex, and Raleigh). Cr 8zo. 65

See also Standard Library.

Spence (C. H.), M.A. See School Examina-

tion Series.

Spicer (A. D.). THE PAPER TRADE,
With Maps and Diagrams. Demy Svo.
125, 6d. nel.

Spooner (W. A.), M.A., See Leaders of
Religion.

Staley (Edgcumbe). THE GUILDS OF

FLORENCE. Illustrated. Second Edition.
RovalBre, 165 nel,

Stanbridge (J. W.), B.D.

Devotion.
‘Stancliffe." GOLF DO'S AND DONT'S.
Feap, Bro. 15

Second Kdition.
Stead (W. J.). See D. Gallaher.
Stedman (A. M. M.), M.A.
INITIALATINA : Easy Lessons on Elemen-

See Library of

Ié“try Accidence, Tenth Edition. Feap.
V0. . 15,
FIRST LATIN LESSONS. Tenth Edi-

tion. Cr. 820, 25,

FIRST LATIN READER. With Notes
adapted to the Shorter Latin Primer and
Vocabulary, Seventh Ed. revised. 18mo.

X8y "

EASY SELECTIONS FROM CAESAR.
The Helvetian War, Third Edition.
180, 15,

EASY SELECTIONS FROM LIVY. The
Kir:sgf;,-; of Rome. 18mo. Third Edition.
Is. -

EASY LATIN PASSAGES FOR UNSEEN

TRANSLATION. Eleventh Ed. Fcap.
Bre. 15 64,
EXEMPLA LATINA. First Exercises

in Latin Accidence.

With Vocabulary.,
Third Edition.

Cr, Bpo.  1s,
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EASY LATIN EXERCISES ON THE
SYNTAX OF THE SHORTER AND
REVISED LATIN PRIMER. With
Vocabulary, Eleventh and Cheaper Edition,
re-wriffen. Cr. Bro. 15, 6d. Original
Edition. 32564, KEv, 35, nel,

THE LATIN COMPOUND SENTENCE :
Fules and Exercises. Second FEdition,
Cr. Bvo. 15 64. With Vocabulary, 2s.

NOTANDA QUAEDAM : Miscellaneous
Latin Exercises on Common Rules and
Idioms. Fifth Edition. Feap. Bro.
15. 64. With Vocabulary., 25, Key, 2s.

nel,

LATIN VOCABULARIES FOR REPE-
TITION : Arranged according to Subjects.
Fourteenth Edition. Feap, Bvo. 15 6d.

A VOCABULARY OF LATIN IDIOMS.
18w, Fourth Edition. 15

STEPS TO GREEK. Third Edition, re-
vised, 1Bmio. 15,

A SHORTER GREEK PRIMER. Second
Edition. Cr. Bvo. 15, 64,

EASY GREEK PASSAGES FOR UNSEEN
TRANSLATION, [Fourth Edition, re-
wised. Feap, Bvo. 15, 6.

GREEK VOCABULARIES FOR RE-
PETITION. Arranged according to Sub-
ects. Fourth Edition. Feap. Bvo. 15 6d.

GREEE TESTAMENT SELECTIONS.
For the use of Schools. With Introduc-
tion, Notes, and Vocabulary. Fourth
Edition. Feap 8va. =25 64,

STEPS TO FRENCH. Eigkthk Edifion.
18me0. B4

FIRST FRENCH LESSONS. ZEighth Edi-
tion, revised. Cr. Bvo. 1s.

EASY FRENCH PASSAGES FOR UN.-
SEEN TRANSLATION. Sizthk Edi-
tion, revised. Feap. Bvo. 15, 6d.

EASY FRENCH EXERCISES ON ELE-
MENTARY SYNTAX. With Vocabu-
lary. Fourth Edition. Cr. Bvo. 25 6d.

KEv. 735 #nel.

FRENCI—% VOCABULARIES FOR RE-
PETITION : Arranged according to Sub-
jects. Thirteenth Edition. Feap. Bvo. 1s.

See also School Examination Series.

Stee‘ %Ri Elllntt]i Mlﬁl! F-ChSl 2 THE
WORLD OF SCIENCE, With 147
IMustrations. Second Edition. Cr. 8vo. 25, 64,

See also School Examination Series.

Stephenson (C.), of the Technical College,
Bradford, and Suddards (F.) of the
Yorkshire College, Leeds, ORNAMEN-
TAL DESIGN FOR WOVEN FABRICS.
Illustrated. Demy 8vo. Third Edition.

75. 6.

Stephenson (J.), M.A. THE CHIEF
TEUTHS OF THE CHRISTIAN
FAITH. Cr 8ve. 35 64.

Sterne ELaurence}. See Little Library.

Ster W.). M.A. ANNALS OF ETON
COLLEGE. Ilustrated. Demy 8vo. 75, 64.

Steuart (Katherine). BY ALLAN
WATER. Second Edition. Cr. 8vo. 6s.

Stevenson (R.L.) THE LETTERS OF
ROBERT LOUIS STEVENSON TO
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HIS FAMILY AND FRIENDS.
Selected and Edited by Sipney CoLvin,
Third Edition. Cr Bre. 125
Lisrary EpiTioN. Demy 8vo. 2 pols, 255, 7El
A Colonial Edition 1s also published.
VAILIMA LETTERS. With an Etched
Portrait by WiLLiaM STrRANG. Sixik
Edition, v, 8ve. Buckram. 6s.
A Colonial Edition is also published.
THE LIFE OF R. L. STEVENSON, See

G. Balfour.

Stevenson (M, L.). FROM SARANAC
TO THE MARQUESAS. Being Letters
written by Mrs. M. 1. STevEnsoN during
1887-8, Cr. Boo. 6s. nel. 4

LETTERS FROM SAMOA, 1891-g5. Edited

and arranged by M. C. Bavrrour. With

many Illustrations, Second Edition Cr.
Bve.  G6s. nel. :
Stoddart (Anna M.). See Oxford Bio-
graphies. .
Stokes (F. G.), B.A. HOURS WITH

RABELAIS. From the translation of Sir
T. UrguHarT and P. A. MorreEux. With
a Portrait in Photogravure, Cr. 8vo. 35. 6d.

ner.

Stone (S. J.). POEMS AND HYMNS.
With a' Memoir by F. G. ELLERTON,
M.A, With Portrait. C». 8ve. 6s. :

Storr (Vernon F.), M.A., Lecturer in
the Philosophy of ﬁe]igiml in Cambridge
University ; J:gxamining Chaplain to the
Archbishop of Canterbury; formerly Fellow
of University College, Oxford.,  DEVELOP-
MENT AND DIVINE PURPOSE Cr
Bro. 5. mel.

Straker (F.). See Books on Business,

Ehﬁt}gf.le (A. W.), D.I.. See Churchman's

I. E‘

Streatfeild (R. A.). MODERN MUSIC
AND MUSICIANS., With 24 Illustra-
tions. Second Edition. DewyBro. 7s. Gd.

ael,
Stroud (H.), D.Sc., M.A. PRACTICAL
PHYSICS. With many Diagrams. Second

Edition. 135. net.
Strutt EJnﬂe h), THE SPORTS AND
PASTIMES OF THE PEOPLE OF

ENGLAND. Illustrated by many Engrav.
ings. Revised by J. CuarLgs Cox, LL.D.,
F.S.A. Quarfo. 215 nel.

Stuart (Capt. Donald). THESTRUGGLE
FOR PERSIA WithaMap. C~. Bre. 6s.

Sturch (F.)., Staff Instructor to the Surre
County Council. MANUAL TRAININ
DRAWING (WOODWORK). Its Prin-
ciples and Application, with Solutions to
Kxamination Eutﬁ-timlﬁ. 1802-1905, Ortho-

raphic, Isometric and Oblique Projection.
%u’ith so Plates and 140 Figures. Foolscap.
5. nel.

Suddards (F.). See C. Stephenson.

Surtees (R. 8,), See I.P.1.

Symes (J. E.), M.A. THE ERENCH
RE;;PLUTIDN. Second Kdition. Cr. 8voe,
2F. .

Sympson (E. M.), M.A., M.D. See Ancient

1t1es,

A3
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Tacitus. AGRICOLA, With Introduction
Motes, Map, etc, by R. F. Dawvis, M.A.,
Feap, 8vo. 25

GERMANIA., By the same Editor. Fcap.
Bra. =25 See also Classical Translations.

Tallack(W.). HOWARDLETTERS AND
MEMORIES., Demy Bvo. 105, 64, net.

Tauler (J.). See Library of Devotion.

Taylor (A. E.). THE ELEMENTS OF
METAPHYSICS. DemyBro. 105. 6d. net.

Taylor(F.G.), M.A. See Commercial Series.

Taylor (I. A.). See Oxford Biographies,

Taylor (John W.). THE COMING OF
THE SAINTS : Imagination and Studies
in Early Church History and Tradition.
With 26 Illustrations. Demy Bvo, 75, 6. net.

Taylor T. M.), M.A., Fellow of Gonville
and Caius College, Cambridge. A CON-
STITUTIONA AND OLITICAL
HISTORY OF ROME. C»r Bvo. 7s. 64.

Teasdale=Buckell (G. T.). THE COM-
PLETE SHOT. Illlustrated. Second Ed.

Tennyson (Alfred, Lord). THE EARLY
POEMS OQF. ﬁdited, with Notes and
an Introduction, by J. CourTon CoLLins,
M.A. Cr. Bvo. 64

IN MEMORIAM, MAUD, AND THE
PRINCESS. Edited by J. CHurTON
Corrins, M.A. Cr, 8vo. 65, See also
Little Library.

Terry (C. S.).

Thackeray (W. M.).

Theobald (F. V.), M.A.
IlNlusirated. Second Edition Revised.
Bro, 2:5. 64,

Thompson (A. H.). See Little Guides,

Tileston (Mary W.). DAILY STRENGTH
FOR DAILY NEEDS., Feurfeenth Edi-
flor, Medium 16mo. 25, 6. net.
edition in superior binding, 6s. x

Tﬂa:tg;clns (H. W.), F.R.H.S. See Little

nides.

Townley (Lady Susan), MY CHINESE
NOTE-BOOK With 16 Illustrations and
2 Maps, Third Ed. Demy8Bvo. 105. 6d. net

Toynbee (Paget), M.A., D.Litt. See

xford Biographies.

Trench (Herbert), DEIRDEE WEDDED
AND OTHER POEMS. Cr 8vo. ss.

An episode of Thirty hours delivered by
the three voices. It deals with the love of
Deirdre for Naris and is founded on a Gaelic
Version of the Tragical Tale of the Sons of
Usnach. ¥

Trevelyan (G. M.), Fellow of Trinity College,
Cambridge. ENGLAND UNDER THE
STUARTS. With Maps and Plans. Second
Edition. Demy 8po. 108, 6. nef,

Troutbeck (G. E,J:]. See Little Guides.

Tyler (E. A.), B.A., F.C.5, See Junior

School Books. §
Tyrrell-Gill (Frances)., See Little Books

Sea Oxford Bioslgraphics.
See Little Library.
INSECT LIl I:?E.
]

Also an

on Art.

Yardon (Harry)) THE COMPLETE
GOLFER. Ilustrated. ZEightk Edition.
Demy Boo. 103, 64. net.

A Colonial Edition is also published.
Yaughan (Henry). See Little Library.

MESSRS. METHUEN’S CATALOGUE

Vaughan (Herbert M.), F.A.(Oxon.). THE
LAST OF THE ROYAL STUARTS,
HENRY STUART CARDINAL,
DUKE OF YORK. With 2o Illustrations.
Second Edition. Demy Bvo. 105, 64, net.

THE NAPLES RIVERIA. With 25 Illus.
trations in Colour by MavricE GREIFPEN-
HAGEN., OCr, Bpo. 6=,

A Colonial Edition is also published.

Yoegelin (A.), M.A. See Junior Examina-
tion Series,

Waddell(Col. L. A.), LL.D.,C.B. LHASA
Akaln} 1]‘::1‘5 I\j:'f:.:i'l‘Elt}llES. With %Rgcord
of the Expedition of 1503-1904. ith 155
Illustrations and Maps. FT&:’?‘R’ and
Cheaper Edition. Dewny Bpo. 95 64 nel,

Wade (G. W.), D.D. OLDTESTAMENT
HISTORY. With Maps. Fifth Edition.
Cr. Bpo. Gs.

Wagner (Richard),. MUSIC DRAMAS:
Interpretations, embodying Wagner's own
explanations. By A. L. CLeaTHER and
B. Crump. In Four Volumes. Feap Boo.
as. Od. each.

VoL. 1.—THE RING oF THE MNIBELUNG.
Third Edition.

Vor. 1.—ParsiFaL, LoHENGRIN, and
Tue HoLy Grall.

Vor. in1.—TrisTAN AND ISOLDE.

Wall(J. C.). DEVILS. Illustrated by the
Author and from photographs. Demy 8oo.
45. 6. nef.  See also Antiquary's Boo

Walters (H. B.). See Little Books on Art
and Classics of Art.

Walton (F. W.). See School Histories.

Walton (lzaac) and Cotton (Charles),
See LP.L., Standard Library, and Little
Library.

Warren=Vernon (Hon. William), DM.A.
READINGS ON THE INFERNO OF
DANTE, based on the Commentary of
BexnvENUTO DA IMoLA and otherauthorities.
With an Introduction by the Rev, Dr.
Maoore. In Two Volumes. Second Ed:-
tion, entirely re-written. C», 8vo. 155, meds

Waterhouse (Mrs. Alired). WI THE
SIMPLE-HEARTED : Little Homilies to
Women in Country Places. Second Edition.
Saall Poit Bve. 25 neds

See also Little Library.

Watt (Francis). See T. F. Henderson.

Weatherhead (T. C.), M.A. EXAMINA-
TION PAPERS IN HORACE. Cr.8ze.
25, See also { unior Examination Series.

Webber (F. C.). See Textbooks of Techno-

logy.

Weir (Archibald), M.A. AN INTRO-
DUCTION TO THE HISTORY OF
MODERN EUROPE. Cr. Bvo. 6s.

Wells (Sidney H.) See Textbooksof Science,

Wells(J.), M. A., Fellowand Tutor of Wadham
College. OXFORD AND OXFORD
LIFE. Third Edition. Cr .Bvo, 35 6d.

A SHORT HISTORY OF ROME. E:ightk
Edition., With 3 Maps. Cr. 8po. 345 6d.

See also Little Guides.

Wheldon(F. W.). A LITTLE BROTHER

TO THE BIRDS. With 15 Illustrations,
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7 of which are by A. H. Buckraxp., Large
Cr, Bvo, 6s.

Whibley (C). See W, E. Henley.

Whibley (L.), M.A., Fellow of Pembroke
Cnuege, Cambridge, GREEK OLIGAR-
CHIES: THEIR ORGANISATION
AND CHARACTER. Cr. Bovo, 6s.

Whitaker (G. H.), M.A. See Churchman’s
EBEihble.

White (Gilbert). THE NATURAL
HISTORY OF SELBORNE. Edited by
L. C. MiavLr, F.R.S., assisted by W. WARDE
FowLEr, M.A. Cr Bve. 65

See also Standard Library.

Whitiield (E. E.). See Commercial Series.

Whitehead (A. W.). GASPARD DE
COLIGNY. Illlustrated. Demy 8oo.
125, G4, nel.

Whiteley (R, Lloyd), F.1.C., Principal of
the Municipal Science School, West Brom-
wich. AN ELEMENTARY TEXT-
BOOK OF INORGANICCHEMISTRY.
Cr. Bpe, 25 64,

Whitley EMIH]. See Lady Dilke.

Whitten (W.). See John Thomas Smith,

Whyte(A. G.), B.Sc. See Bookson Business.

Wil Ariorcﬁ (Wilirid). See Little Books
an rk.

Wilde (Oscar). DE PROFUNDIS. Tenth
Edition. Cr. Bve. ss. nel.

A Colonial Edition is also published.

THE DUCHESS OF PADUA. Demy 8vo.
125 O, nels

POEMS. Demy Bvo.

INTENTIONS., Dem

125, 64, ned.
Bro. 128 64 mel.

SALOME, AND OTHER PLAYS. Demy
8zo. 128, Bd. ML,
LADY WINDERMEERE'S FAN. Dewey

Bvo. 125, 62 nels

A WOMAN OF NO IMPORTANCE.
Demy Bro. 125, 6. nel.

AN IDEAL HUSBAND.
128, Gd. nel,

THE IMPORTANCE OF BEING EAR-
NEST. DemyBro. 125 64 nef.

A HOUSE OF POMEGRANATES and
THE HAPPY PRINCE. JDemy 8vo.
125, O, net,

LORD ARTHUR SAVILE'S CRIME and
OTHER PROSE PIECES. JDemy 8ve.

128 &4, nel,
Wilkins EW. H.), B.A, THE ALIEN
DN! l':?". El;r,rﬂ-. a25. Mﬂ

INVAS

Williams (A.). PETROL PETER: or
Pretty Stories and Funny Pictures. Illus-
trated in Colour by A. W, MivLs. Demy
fo. 35 64, ned,

Williamson (M. G.). See Ancient Cities.

Demy 8Buvo.

Williamson (W.), THE BRITISH
GAR&I{)ENER. IMlustrated. Demy Svo.
T0f.

Williamson (W.), B.A. See Junior Ex-
amination Series, Junior School Books, and
Beginner's Books,

Willson (Beckles). LORD STRATH-
CONA : the Story of his Life. Illustrated.
ﬂsm& Bovo. 7s. 6d. g

A Colonial Edition is also published.
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Wilmot-Buxton (E. M.). MAKERS OF

EUROPE. Cr. 8ve. ZEighth Ed. 3s. 6d.

A Text-book of European History for
Middle Forms. J

THE ANCIENT WORLD. With Maps and
Illustrations. C».8v0. 35. 64,

See also Beginner's Books. d
Wilson( Bishop.). See Library of Devotion.
Wilson (A. J.). See Books on Business.
Wilson (H. A.). Sece Books cn Business.
Wilson (J. A.). See Simplified French

Texts.

Wilton (Richard), M.A. LYRA PAS.-
TORALIS : Songs of Nature, Church, and
Home, FPotf 8o, 25 64,

Winbolt (S. E.), M.A. EXERCISES IN
LATIN ﬂCCIDENCEl C?’. EW- 15. ﬁ'l:lri

LATIN HEXAMETER VERSE: An Aud
to Composition, Cr, 8ze. 35. 64, KEY,
55, met. 3

Windle (B. C. A.), F.R.5.,F.5.A. See Anti-

uary’'s Books, Little Guides, Ancient
ities, and School Histories.

Winterbotham (Canon), M.A., B.Sc.,
LL.B. See Churchman's Library.

Wood (Sir Evelyn), F.M., V.C., G.C.E.
G.C.M.G. FROM MIDSHIPMAN TO
FIELD-MARSHAL. With 24 lllustra-
tions and Maps. Twe Folumes. Fifth
Edition. Demy Bvo. 255, nel.

A Colonial Edition is also published.
Wﬂﬂd (J! A- Er:'q- SEE Tﬂxtbﬂ-ﬂkﬁ Elf

Technology.

Wood (J. Hickory). DAN LENO. Illus-
trated. Third Edition. Cr. 8vo. 65,

A Colonial Edition is also published.
Wood (W. Birkbeck), M.A., late Scholar of

Worcester College, Oxford, and Edmonds
(Major J. E. R.E., D.A.Q.-M.G. A

ISTORY OF THE CIVIL WAR IN

THE UNITED STATES. With an
Introduction by H. Spenser WiLkINSON.
With 24 Maps and Plans. Demy Boo.
125, 6d. nel.

Wordsworth (Christopher).
quary's Books,

Wordsworth (W.). POEMS BY. Selected
by Storrorp A. Brooke. With 4o Illus-
trations by Epmunp H. New. With a
Frontispiece in Photogravure. Demy Bvo.
75. b, mel.

A Colonial Edition is also published.
Wordsworth (W.) and Coleridge (S. T.).

See Little Library.

Wright (Arthur), D.D., Fellow of
College, Cambridge.
Library.

Wright (C. Gordon). See Dante.

Wright (J. C.). TO-DAY. Demy 16mo.

15. Od. nel.
Wright (Sophie). GERMAN VOCABU-

;*LIES FOR REPETITION. Fcap. 8vo,

I, .

Wrong (George M.), Professor of Histo
in the University of Toronto. TH
EARL OF ELGIN. Illustrated, Demy
Boo. 75 64 mel.

A Colonial Edition is also published.

See Anti-

ueen’s
See Churchman's
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Wyatt (Kate M.). See M. R. Gloag.
Wylde (A. B.). MODERN ABYSSINIA,
With a Map and a Portrait. JLemy Byo,
158, #AEL.
A Colonial Edition is also published.
W;ndham (Rt. Hon. George). M.P. THE
OEMS OF WILLIAM SHAKE-
SPEARE. With an Introduction and
MNotes. Demy Bvo. Buckram, gilt lop.
108, 6d.
Wyon (R.)and Prance (G.). THE LAND
F THE BLACK MOUNTAIN. Being
a Description of Montenegro. With 40
Illustrations. Cr. Bro. 25 64. ned
Yeats (W. B.). A BOOK OF IRISH
VERSE, Selected from Modern Writers.

MESSRS. METHUEN’S CATALOGUE

Rdﬂg;gcf and Enlarced Edition. Cr. Boo

38

Ynﬂng (Filson), THE COMPLETE
MOTORIST. With 138 Illustrations.
Seventh Edition. Demy Bvo. 125, 6d. net.

A Colonial Edition is also published.
THE JOY OF THE ROAD : An Apprecia-
tion of the Motor Car. Swall Demy Bvo,

5. #el.

Young (T.M.)) THE AMERICAN
COTTON INDUSTRY: A Study of
Work and Workers. Cr. 8zo. Cloth, 25.6d. ;
paper boards, 15, 6d.

Zimmern (Antomia)) WHAT DO WE
KNOW CONCERNING ELECTRI-
CITY?? Fcap. 8ve. 15, 6d. nel.

Ancient Cities
General Editor, B, C, A, WINDLE, D.Se., F.R.S,

Cr. 8wvo.

CuesTErR. EBv B. C. A. Windle, D.Se. F.R.5.
IMlustrated by E. H. New,
Surewssury. By T. Auden, M.A., F.5.A.

Ilustrated.

CantERBURY. By J. C. Cox, LL.D., F.5.A.
IMustrated.

EpinpurgH. By M. G. Williamson, M.A.

Illustrated by Herbert Railton.

45. 6d. nef.

LincoL¥. By E. Mansel Sympson, M.A.,
M.D. Illustrated by E. H. New.

BrisTorL. By Alfl Ilustrated
by E. H. New. . i

DueLin. By 5. A. O. Fitzpatrick. Illustrated

by W. C. Green.

Harvey.

The Antiquary’'s Books
General Editor, J. CHARLES COX, LL.D., F.S.A.

Demy 8wo.

Encrisu Moxastic Lire. By the Right
Rev. Abbot Gasquet, 0.5.B. Illustrated.
Third Edition.

REMAINS oF THE PRrREHISTORIC AGE IN
EncrLaxp., By B. C. A. Windle, D.Sc.,
F.E.5, With numerous Illustrations and
Plans.

OLp Service Booxks or THE ENGLISH
Cuurcu. By Christopher Wordsworth,
M.A., and . Hen Littlehales,  With
Coloured and other Illustrations.

CerLtic ArT. By |. Romilly Allen, F.5.A.
With numerons Illustrations and Plans.

ARCHEOLOGY AND FALSE ANTIQUITIES.
By R. Munro, LL.ID. Illustrated.

Surines oF BriTisu Saints. By J. C. Wall.
With numerous Illustrations and Plans.

?Ii ﬁﬂ'; nel,

Tue Rovar Forests or Encrawp. By ]
C. Cox, LL.D., F.5.A. Illustrated.

Tue Maxor aAxp MawmoriaL REecorDbs.
By Nathaniel J. Hone. Illustrated.

EncrLisi Sears. By J. Harvey Bloom.
Illustrated.

Ter Domespay Iwouest. By Ad-:.ﬂphus
Ballard, B.A., LL.B. With =7 Illustrations.

Tue Brasses or Encranp. By Herbert
W. Macklin, M.A. Withmany Illustrations.
Second Edition.

Parisa Lire 1v MEpievaL Exncrann. By
the Right Rev. Abbott Gasquet, O.S.B.
With many Illustrations. Second Edition.

Tue Beris oF Excranp, By Canon J. J.
Raven, D.D., F.S.A. With Illustrations.
Second Edition.

The Arden Shakespeare

Demy 8vo.

25, 6d. met eack volume.

General Editor, W. J. CRAIG.

An edition of Shakespeare in single Plays.

Edited with a full Introduction, Textual

Notes, and a Commentary at the foot of the page.

Hamrer. Edited by Edward Dowden.
Romeo awp Jurier. Edited by Edward
Dowden.

Edited by W. J. Craig.
Edited by M. Macmillan.
Edited by

KinGg LEAR.
Jurius CAESAR.

ThE TEMPFEST. oreton Luce.

[Continued
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ARDEN SHAKESPEARE—conlinued.

Otuerro. Edited by H. C. Hart. ;

'I:l'irus Anpronicus. Edited by H. B. Bail-
on.

CympeLisg. FEdited by Edward Dowden.

THE MeErry Wives oF Winpsor. Edited by
H. C. Hart.

A Mipsummer Nicut's DreEam. Edited by
H. Cuningham.

Kinc Henry V. Edited by H. A, Evans.

ArL's WELL THaT EnDs {'\TELL Edited by
W. O. Brigstocke.

21

Tue MercHANT oF VEnice. Edited by
C. Knox Pooler.

TroiLUs AND CRESSIDA.
Deighton.

ANTONY AND CLEOPATRA. Edited by R. H.
Case.

Love's Lasour's LosT.
Hart.

THe Two GENTLEMAN OF VERONA.
Warwick Eond.

Edited by K.

Edited by H. C.
R,

Tue T : ¥ THE SHrEw. Edited by | PEricLES, Edited by K. Deighton.
R, Wl::-lifk ﬁunlﬂ ? Tue Comepv oF Errors. Edited by H.
Timon or ATHENs. Edited by K. Deighton. Cuningham. 4
MEeasure For Measure. Edited by H. C. | King Richarp ur Edited by A. H.
Hart. Thompson.
TwerLrta Nicut. Edited by Moreton Luce. | King Joun. Edited by Ivor B. John.
The Beginner’s Books

Edited by W. WILLIAMSON, B.A.

Easy Frence Ravymes. By Henri Blouet.
Second Edition. lllustrated. Feap. 8veo. 15,

Easy Stories From EncrLisu Historv., By
E. M. Wilmot-Buxton, Author of ‘ Makers
of Europe.' Third Edition. Cr. Bveo. 1s.

Easy ExXErcISES 1N ARITHMETIC. Arranged

8o, JWithnut Answers, 15.  'With Answers,
15. 34.
Easy 3]:}n:"t'.nur]i.".nt-a AND SreELLing. By W.
Williamson, B.A. Fifth Ed. Fcap. Bvo. 1s.
AN Easv Poerry Book. Selected and
arranged by W. Williamson, B.A., Author
of ‘ Dictation Passages.' Second Edition.

by W. S. Beard. Second Edition. Feap. Cr. 8v0. 15
Books on Business
Crll EWI 2:& ﬁi mr.
Ports axp Docks. By Douglas Owen. THeE AvromopiLE InpusTRY. By G. de H.

Ramnwavs. By E. R. McDermott.

THeE Stock ExcHange. By Chas. Duguid.
Second Edition.

Tue Business oF Insurance. By A. ]J.
Wilson.

Tue ELecTricaL IwpusTry : LiGHTING,
’Ilg‘nsm:ﬂuw, AND Power. By A. G. Whyte,

wndiCe

THE SurepuiLpinG Inpustry: Its History,
Science, Practice, and Finance. By Dawid
Pollock, M.I.N.A.

Tue Monev MarkeT. By F. Straker.

Tue Busingss SIDE oF AGRICULTURE. By
A. G. L. Rogers, M_A.

Law 1n Business. By H. A. Wilson.

Tue BrEwing InpusTtrRY. By Julian L.
Baker, F.1.C., F.C.5.

Stone.

Miving anp Miving InvesTMENTS. By
‘A, Moil.'

THE Business oF ADVERTISING. By Clarence
GG, Moran, Barrister-at-Law. Illustrated.

Trape Unions. By G. Drage.

Civi EnGINEERING. By T. Claxton Fidler,
M.Inst. C.E. Illustrated.

THE Ironw TrRADE oF GrEAT BriTAaIN. By
J. Stephen Jeans. Illustrated.
Mow~orories, TrusTs, anp KarTELLS. By

F¢ W. Hil‘.%t.

Tue Corron Inpustry anp Trabpe. By
Prof. S. ]J. Chapman, Dean of the Faculty
of Commerce in the University of Man-
chester. Illustrated.

Byzantine Texts
Edited by J. B. BURY, M. A., Litt.D,
A series of texts of Byzantine Historians, edited by English and foreign scholars.

ZacHARIAH OF MiTVLENE., Translated by F,
J. Hamilton, D.D., and E. W. Brooks.
Demy Bvo. 125, 6d. nel,

Tue History oF PseELrus.

_ Sathas. Demy Bve. 155, nel.

Ecruesis Curonica. Edited by Professor
Lambros. Demy Brvo. 7s. 6d. nef.

Edited by C

Evagrivs. Edited by Léon Parmentier and | THE CuronicLE oF MoreA. Edited by John

M. Bidez. Demy Bvo. 105, 64, met.

Schmitt. Demy Bvo. 155, nel.
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The Churchman’s Bible
General Editor, J. H. BURN, B.D,, F.R.5.E.
Feap. 8vo. 1s. 6d. net eack.

A series of Expositions on the Books of the Bible, which will be of service to the
general reader in the practical and devotional study of the Sacred Text.

Each Book is provided with a full and clear Introductory Section, in which is
stated what is known or conjectured respecting the date and occasion of the com-
position of the Book,and any other particulars that may help to elucidate its meaning
as a whole., The Exposition is divided into sections of a convenient length, corre-
sponding as far as possible with the divisions of the Church Lectionary. The

Translation of the

uthorised Version is printed in full, such corrections as are

deemed necessary being placed in footnotes,

Tue ErisTLE oF 5T. PAUL THE APOSTLE TO
THE GALATIANS. Edited by A. W. Robin-
son, M.A. Second Edition,

Ecg.%amsms. Edited by A. W. Streane,

THeE ErisTLE oF ST. PAUL THE APOSTLE TO
THE PHiLippians. Edited by C. R. D.
Biggs, D.D. Second Edition.

Tue ErisTLE oF ST. James. Edited by
H. W. Fulford M.A.

Isatam. Edited by W. E. Barnes, D.D. T
Folumes. With Map. 25 #nef each.

THE ErPisTLE oF ST. PAUL THE APOSTLE TO
IFEA Eruesians. Edited by G. H. Whitaker,

Tue Gospel ACCORDING TO ST. MARK.
Edited by J. C. Du Buisson, M.A. 25 64,
nel,

St. Paul's ErisTLES To THE COLOSSIANS
AND PriLEMmon. Edited by H. J.C. Knight,
M.A., 25 mel.

The Churchman’s Library
General Editor, J. H. BURN, B.D., F.R.S.E.

Crown Svo.

Tue BEcinNiNGs oF EncLIsH CHRISTIANITY.
By W. E. Collins, M.A. With Map.

Tue Kixgpom oF Heavew HereE AND HERE-
AFTER. By Canon Winterbotham, M.A.,
B.5c., LL. E

THe WOREMANSHIP OF THE Praver Boox :
Its Literary and Liturgical Aspects. By J.
Dowden, D.D. Second Edition.

EvorvuTion. By F. B. Jevons, M.A., Litt.D,

35, 6d. eackh.

Some New TesTameENT PROBLEMS.

By
Arthur Wright, D.D. 6s.

Tue CHurcHmAn's INTRODUCTION TO THE
OLp TesTamenT. By A, M. Mackay, B.A.,

Tne Cuurcu or CHrisT. By E. T. Green,

M.A. 65

ComparaTive TuHEOLOGY. By J. A. Mac-
Culloch. 65

Classical Translations
Edited by H. F. FOX, M.A., Fellow and Tutor of Brasenose College, Oxford.
Crown Svo.

A series of Translations from the Greek and Latin Classics, distinguished by literary
excellence as well as by scholarly accuracy.

MEscuvLus — Agamemnon Choephoroe, Eu-
menides, Translated by Lewis Campbell,
LL.D.

55,
Cicero—De Oratore I. Translated by E. N.
P. Moor, M.A. 35 64,

Cicero—Select Orations (Pro Milone, Pro
Mureno, Philippic 11., in Catilinam). Trans-
1 ated by H. E. %. Blakiston, M.A. &s.

Cicero—De Natura Deorum. Translated by
F. Brooks, M.A, 3. 6d.

Cicero—De Officiis. Translated by G. B.
Gardiner, M.A. 2. 6d.

HoracE—The Odes and Epodes. Translated
by A. D. Godley, M.A. 2s.

Lucian—>Six Dialogues (Nigrinus, Icaro-Me-
nippus, The Cock, The Sl:u'.ri:1 The Parasite,
The Lover of Falsehood) Translated by S,
T. Irwin, M. A, 35 64,

SornocLes—Electra and Ajax. Translated by
E. D. A. Morshead, M.A. 25 64,

Tacitus—Agricola and Germania. Trans-
lated by R. B. Townshend. 2. 64d.

Tue SATIRES OF JUVENAL. Translated by
S. G. Owen. 25 Gl
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Classics of Art
Edited by Dr. J. H. W. LAING

Tue Art or THE GreEExs. By H. B. Walters.
With 112 Plates and 18 Illustrations in the

Text. Wide RoyalBvo. 125. 6d. net,

VeLazouez., By A. de Beruete, With g4
Plates. Wide Royal Bvo., 10s. 6d. nets

Commercial Series
Edited by H., pE B. GIBBINS, Litt.D., M.A.
Crown Svo.

ComMmERCIAL EpucaTioN IN THEORY AND

Practice. By E. E. Whitfield, M.A. 5.

An introduction to Methuen's Commercial
Series trta.tin% the question of Commercial
Education fully from both the point of view
of the teacher and of the parent.

BriTisH CoMMERCE AND COLONIES FROM
ELizageTrn 10 Vicroria. By H. de B.
Gibbins, Litt. D., M.A. Third Edition. 2s.

CoMMmERCIAL ExammnaTion ParErs. By H.
de B. Gibbins, Litt.D., M.A. 15 64.

Tue EconoMics oF CoMMERCE, By H. de
B. (%'i:;_nbins, Litt. D., M.A, Second Edifion,
I-;l'- L]

A German CommerciaL REapeEr. By S. E.
Bally. With Vocabulary. zs.

A CoMMERCIAL GEOGRAPHY OF THE BriTisH
Emrire. By L. W. Lyde, M.A. Sixth
Edition. =2s.

A CommEercialL. GEOGRAFPHY oF FOREIGN
Nations. By F. C. Boon, B.A. z:s

A PrimEr or Business. By 8. Jackson,
M.A. Third Edition. 15 6d.

CommeERcIAL ArRITHMETIC. By F. G. Taylor,
M.A. Fourih Edition. 15, 6d.

FrencH ComMERCIAL CORRESPONDENCE. By
S. E. Bally. With Vocabulary. Third
Edition, 23,

GErMAN ComMmERCIAL CORRESFONDENCE. By
S. E. Bally. With Vocabulary., Secomd
Edition. =:. 64,

A FrEnci Commercian Reaper. By S. E.
Bally. With Vocabulary. Second Edition. 2s.

Precis WriTING AnD OFFICE CORRESPOND-

EvcE. DBy E. E, Whitfield, M.A, Second
Edition, =z
A Guipe To Proressions anD BusiNEss.
By H. Jones. 1s. 64.

Tue PrincirLes oF Book-kEEPING By DOUBLE
Entry. By J. E. B. M*Allen, M.A. 2s.
Commercian Law. By W. Douglas Edwards.

Second Edition. 25,

The Connoisseur’s Library

Wide Royal 8vo.

255, nel.

A sumptuous series of 20 books on art, written by experts for collectors, superbly

illustrated in photogravure, collotype, and colour,

duly treated. The first volumes are—

MezzoTinTs. By Cyril Davenport. With 40
Plates in Photogravure.

PorceLain. By Edward Dillon. With 19
Plates in Colour, 2o in Collotype, and 5 in
Photogravure.

MiniaTtures. By Dudley Heath. With ¢
Plates in Colour, 15 in Collotype, and 15 in
Photogravure,

Ivories. By A. Maskell. With 8o Plates in
Collotype and ’hotogravure.
EwxvcrisH Furxrture. By F. 5. Robinson.

he technical side of the art is

Evurorean EvameELs. By Henry H. Cunyng-
hame, C.B. With 54 Plates in Collotype
and Half-tone and 4 Plates in Colour.

GoLpsmITHS' AND SILVERSMITHS Work, By
Nelson Dawson. With many Plates in
Collotype and a Frontispiece in Photo-
gravure. Second FEdition,

Excrisi Corouren Books. By Martin
Hardie. With 28 Illustrations in Colour
and Collotype.

With 160 Plates in Collotype and one in | GLAss. By Edward Dillon. With 37 Illus-
Photogravure. Second Edition. trations in Collotype and 12 in Colour.
The Library of Devotion

With Introductions and (where necessary) Notes,
Small Pott 8vo, cloth, 2s. ; leather, 25. 6d. net.

Tue Covressions oF ST, AvugusTINE. Edited | Tur IMmiTaTiON 0oF CHRIST,

by C. Bigg
Tue CurisTIAN YEAR.
Lock, D.D. Third Edition.

. DD, Sixth Edition.

Edited by Walter | A Boor or DevoTions.

] Edited by C.
Bigg, D.D. Fourth Edition.

: Edited by J. W.
Stanbridge. B.D. Second Edition.

[Continued,
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TreE Liprary oF DEvOTION—Cconfinued.

Lyra InnocenTiuM. Edited by Walter
Lock, D.D.

A SeErious Caill To A DEvoUT Anp HoLy
Lire. Edited by C. Bigg, D.D. Fourth
Fdition,

Tue TeEmrLE. Edited by E. C. S. Gibson,
DI, Second Edition.

A GuipeE To ETeErniTYy. Edited by J. W,

Stanbridge, B.D.
Tue PsaLms oF Davip, Edited by B. W.
By Cardinal Newman

Randolph, D.D.
Lyra APOSTOLICA.
and others. Edited by Canon Scott Holland
and Canon H. C. Beeching, M.A.
ThE Inngr Wav. By J. Tauler. Edited by
A. W. Hutton, M. A,
Tue TuoucHTs OoF Pascar. Edited by C.
By St. Francis de

S. Jerram, M.A.
On THE Love or Gob.
Sales. Edited by W. J. Knox-Little, M.A.
A ManvalL oF CoNSOLATION FROM THE
Samnts AND Fatuers. Edited by J. H.
Burn, B.D.

TH}f:{ E:f.uc oF Songs. Edited by B. Blaxland,
Tue Devotions or St. AnseLMm. Edited by
C. C. J. Webb, M.A. 2
GrAcE ArounpinG. By John Bunyan., Edited

by 8. C. Freer, M.A.
Bisnor WiLson's Sacra PrivaTa. Edited
by A. E. Burn, B.D.

MESSRS. METHUEN’S CATALOGUE

Lyra Sacra: A Book of Sacred Verse,
Edited by H. C. Beeching, M.A., Canon of

estminster,

A DavBook FROM THE SAINTS AND FATHERS,
Edited by J. H. Burn, B.D.

HeavenrLy Wisnom., A Selection from the
English Mystics. Edited by E C. Gregory.

LiguT, LiFg, and Love. A Selection from the
German Mystics. Edited byW.R.Inge, M. A.

Ax IsnTropucrion To THE Devour LIFE.
By St. Francis de Sales. Translated and
Edited by T. Barns, M.A.

MawncHESTER AL Mowpo: a Contemplation
of Death and Immortality. By Henry
Montagu, Earl of Manchester. With an
Introduction by Elizabeth Waterhuuse%
Editor of * A Little Book of Life and Death.

Tue Litrree Frowers or THE GLoRIOUS
MEesser ST. Francis aAnND OF HIS
Friars. Done into English by W. Hey-
wood. With an Introduction by A. G.
Ferrers Howell.

Tue Seiritvar Guine, which Disentangles
the Soul and hrinfgs it by the Inward Way
to the Fruition of Perfect Contemplation,
and the Rich Treasure of Internal Peace.
Written by Dr. Michael de Molinos, Priest.
Translated from the Italian copy, printed at
Venice, 1685. Edited with an Introduction
by Kathleen Lyttelton. With a Preface by
Canon Scott Holland.

The Illustrated Pocket Library of Plain and Coloured Books

Feap 8vo. 35, 6d. net eack volume.

A series, in small form, of some of the famous illustrated books of fiction and
general literature. These are faithfully reprinted from the first or best editions
without introduction or notes. The Illustrations are chiefly in colour.

COLOURED BOOKS

Orp Corovrep Books. By George Paston.
With 16 Coloured Plates. Feag. Bro. 25, nel.

THE LiFE AnD DEATH OF JouN MyTTON, ESo.
By Nimrod. With 18 Coloured Plates b
Henry Alken and T. J. Rawlins. JFourt
Edition.

Tue LirE oF A SrorTsMaN., DBy Nimrod.
With 35 Coloured Plates by Henry Alken.

Hanprevy Cross. By R. 5. Surtees. With
17 Coloured Plates and 100 Woodcuts in the
Text by John Leech. Second Edition.

Mg. SroncE's SrorTING Tour. By R. S
Surtees. With 13 Coloured Plates and go
Woodcuts in the Text by John Leech.

Jorrocks' JaunTs AND JorrLiTIES. By R. S,
Surtees. With 15 Coloured Plates by H.
Alken. Second Edition.

This volume is reprinted from the ex-
tremely rare and costly edition of 1843, which
contains Alken's wvery fine illustrations
instead of the usual ones by Phiz.

Asg Mamma. By R. 5. Surtees. With 13
Coloured Plates and 70 Woodcuts in the
Text by John Leech.

Tue AnaLvsis oF THE HuntiNg FieLp. By
K. 5. Surtees. With 7 Coloured Plates
Henry Alken, and 4 Ifluslrations on Wood.

Tue Tour or Dr. g*m-mx IN SEARCH OF
THE PicTuresoue. By William Combe.
With 30 Coloured Plates by T. Rowlandson.

Tue Tour oF DocTOR SYNTAX IN SEARCH
orF ConsoLATIoN. By Willlam Combe.
With z4 Coloured Plates by T. Rowlandson.

Tue THirp Tour oF DocTorR SYNTAX IN
SEARCH oF A Wire. By William Combe.
With 24 Coloured Plates by T. Rowlandson.

Tue HisTorY oF JOHNNY Q]u.u: GENUS ! the
Little Foundling of the late Dr. Syntax.
By the Author of * The Three Tours." With
24 Coloured Plates by Rowlandson.

THE ExGLisH DAnceE oF DEATH, from the
Designs of T. Rowlandson, with Metrical
Illustrations by the Author of *Doctor
Syntax." Twe Folumes.

This book contains 76 Coloured Plates,

THE Dance oF LiFe : A Poem. By the Author
of ‘Doctor Syntax." Illustrated with 26
Coloured Engravings by T. Rowlandson.

[Continned
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IiLveTrATED PockET LIBRARY OF PLAIN AND CoLoURED Books—cosfinued.

Lire 18 Lowpon: or, the Day and Night
Scenes of Jerry Hawthorn, Esq., and his
Elegant Friend, Corinthian Tom. By
Pierce Egan. With 36 Coloured Flates by
I. R. and G. Cruikshank. With numerous

Designs on Wood.

REaL ilm 1N Loxpow: or, the Rambles
and Adventures of Bob Tallyho, Esq., and
his Cousin, The Hon. Tom Dashall. By an
Amateur (Pierce Egan). With 31 Coloured
Plates by Alken and Rowlandsen, etc.
Tave Folumes.

THE LiFE oF AN AcTor. By Pierce Egan.
With 27 Coloured Plates by Theodore Lane,
and several Designs on Wood.

THE Vicar oF WAKEFIELD. By Oliver Gold-
smith. With 24 Coloured Plates by T. Row-
landson.

THE MILITARY ADVENTURES OF C]nHNNv
NewcoMmE. Byan Officer. With 15 Coloured
Plates by T. Rowlandson.

THE NaTionaL SrorTs oF GREAT BriTaIn.
With Descriptions and 51 Coloured Plates
Ly Henry Mfzcn.

This book is completely different from the
large folio edition of * National Sports’ by
the same artist, and none of the plates are
similar.

PLAIN

T'ue Grave: A Poem. By Robert Blair.
Iilustrated by 12 Etchings executed by Louis
Schiavonetti from the eriginal Inventions of
William Blake. Withan Engraved Title Page
and a Portrait of Blake by T. Phillips, R.A.

The illustrations are reproduced in photo-
gravure.

ILLusTrRATIONS OF THE Book orF Joe. In-
vented and engraved by William Blake.

These famous Illustrations—=z1 in number
—are reproduced in photogravure.

/Esopr's FasLEs. ith 380 Woodcuts by
Thomas Bewick.

Winnsor CasTLE. By W, Harrison Ainsworth.
With 22 Plates and 87 Woodcuts in the Text
by George Cruikshank.

THE ADVENTURES OoF A Post Carrain. By
A Naval Officer. With 24 Coloured Plates
by Mr. Williams.

GaMmoxIA : or, the Art of Preserving Game ;
and an Improved Method of making Planta-
tions and Covers, explained and illustrated
by Lawrence Rawstorne, Esq. With 15
Coloured Plates by T. Rawlins.

AN AcapeEmy For Grown Horsemenw : Con-
taining the completest Instructions for
Walking, Trotting, Cantering, Galloping,
Stumbling, and Tumbling. Illustrated with
27 Coloured Plates, and adorned with a
Portrait of the Author. By Geoffrey

Gambado, Esq.

ReaL LirFe 1n IRgLanD, or, the Day and
Night Scenes of Brian Boru, Esqg., and his
Elegant Friend, Sir Shawn \U'?J gherty.
By a Real Padﬂir. With 19 Coloured Plates
by Heath, Marks, etc.

THE ADVENTURES OF JoHnNNY NEWCOME IN
THE Navy. By Alired Burton. With 16
Coloured Plates by T. Rowlandson.

The Orp ENGLISH SqumP:‘: A Poem. By
%ﬂhn Careless, Esq. With 20 Coloured
lates after the style of T. Rowlandson.

BOOKS

Ture Tower oF Loxpon. By W. Harrison
Ainsworth. With 4o Plates and 58 Woodcuts
in the Text by George Cruikshank.

Frank FairLecH. By F. E. Smedley. With
so Plates by George Cruikshank.

Haxpy Anvpyv. By Samuel Lover. With 24
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