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XXIIL. On the Fossil Mammals of Australia.—Part 1I1.  Diprotodon australis, OWEN.
By Professor OweN, F.R.S. &ec.

Received December 10, 1869,—Read February 3, 1870.

§ 1. Introduction.—IN a letter dated May 8th, 1838, addressed to Sir THoMAS MITCHELL,
F.G.S., Surveyor-General of Australia, giving results of an examination of a series of
Fossil Remains from caves in ¢ Wellington Valley,” and published in his ¢ Three Expe-
ditions into the Interior of Eastern Australia,’ vol. ii. 8vo, 1838, one of the specimens
was described as follows :(— _
¢ Genus DiprotropoN. I apply this name to the genus of Mammalia, represented by
the anterior extremity of the right ramus, lower jaw, with a single large procumbent
incisor (IX.), fig. 1, pl. 31. This is the specimen conjectured to have belonged to the
Dugong, but the incisor resembles the corresponding tooth of the Wombat in its ena-
melled structure and position (see fig. 2, pl. 31, and a section of the Wombat’s teeth in
fig. 7, pl. 80). It differs, however, in the quadrilateral figure of its transverse section,
in which it corresponds with the inferior incisors of the Hippopotamus. To this Dipro-
todon, or to some distinct species of equal size, have belonged the fragments of bones of
extremities marked X, X @, X 8" (p. 362).
I reproduce the original figures (Woodcut, figs. 1 & 1 @) representing the specnnen of
half the natural size, and the section of the Fig. 1.
incisor of the full size, on which the genus was
founded ; but which specimen I now know to
be that of a young individual.

Extraordinary as seemed the magnitude of
the beast which this tooth indicated, at a
period when the largest known mammal of
Australia was a Kangaroo, it gave only half the
size of the full-grown Diprotodon australis.

In ignorance of this fact I was led astray
by the first evidences (femur and molar teeth) *«
of the mature animal which were transmitted to me from freshwater deposits in another
and remote locality of Australia; and, for a short time, I believed them to belong to a
Proboscidian, referring them, in 1843, on the authority of a drawing of part of a jaw
and teeth transmitted to me by Sir Tmomas MiTcHELL, to the Dinotherian section of
‘that order*.

* Annals and Magazine of Natural History, No. 71, for May 1843.
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But I was not long under this delusion, and in 1844 realized grounds for the follow-
ing rectification :—* Having since received specimens of portions of lower jaws with
teeth identical in structure with the fragment figured in my first communication to the
¢ Annals of Natural History’ (p. 9, figs. 2 & 3), I find that the reference of that portion
of tooth to the genus Dinotherium was premature and erroneous. The extinct species
to which it belonged does indeed combine molar teeth like those of Dinotherium with
two large incisive tusks in the lower jaw; but those tusks incline upwards instead of
downwards, and are identical in form and structure with the tusk from one of the bone-
caves of Wellington Valley, described by me in Sir Tromas MircHELL'S ¢ Three Expedi-
tions into the Interior of Australia,” vol. ii. 1838, p. 362, pl. 31, figs. 1 & 2, as indicative
of a new genus and species of gigantic mammalian animal, to which I gave the name of
Diprotodon australis”*.

Of no extinct animal of which a passing glimpse, as it were, had thus been caught,
did I ever feel more eager to acquire fuller knowledge than of this huge Marsupial.
No chase can equal the excitement of that in which, bit by bit, and year after year, one
captures the elements for reconstructing the entire creature of which a single tooth or
fragment of bone may have initiated the quest; in the course of which one finally realizes,
with more or less exactitude, the picture which the laws of correlation had led one to
frame of an animal which may have passed out of existence long ages ago¥.

“Appeals to friendly correspondents in Australia had met, in 1845, with so much success

“as enabled me to give the entire dental formula of the lower jaw, viz. 3,1, ¢,0,m,5; =6:

and also to indicate a second genus of large herbivorous Marsupial (Nototherium) only
inferior in size to Diprotodon.

Further evidences fell in at longer intervals, and I was occasionally flattered with the
hope of obtaining an entire skeleton, as by the subjoined extract from my old ally in
researches of Australian Zoology, Dr. GroreE Benngrt, F.L.S., of Sydney, New South
Wales.

Copy of part of a letter from Grorer BeNNErt, Ksq., F.L.S., dated Sydney,
September 18th, 1863, referring to a skeleton of Diprotodon.

¢“. ... I have some expectation of getting you more of the bones of the Diprotodon ;
my son George, who is now on a station in Queensland, writes me as follows:—¢ I have
been along the bank of a creek called ¢ King’s Creek,” and searched it very minutely:
I have found several bones, and also the place where the whole of a skeleton is imbedded
in the ground. The bones are immense, some of the vertebra are about 12 or 14 inches
in length. I have now one of the smaller vertebre, and it measures 6 inchesin diameter.

* Annals and Magazine of Natural History for October 1844,

4 I hazarded the expression, in 1843, of such an ideal picture, as ¢ of a heavy terrestrial quadruped, like the
Mastodon, with thick and stout extremities adapted to the support and progression of a massive frame.”—-Annals
and Magazine of Natural History, vol. ix. p. 332.

I « Report on the Extinct Mammals of Australia, and on the Geographical Distribution of Pliocenc and Post-
pliocene Mammals in general,” Reports of the British Association, 8vo, 1845.
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The head of the same skeleton was sent some years ago to Sydney. The shepherd who
discovered the head is here still, and it was he who showed me the place. 'When I can
get time and men in that direction I will dig it out and then forward it by degrees to you.’

“Since I received this account,” proceeds Dr. BENNETT, “ I have seen Mr. W. B. Toors,
the owner of the station, and he informed me that he has a large blade-bone, and that
when he visits the station and has the men at leisure, he will gradually dig out the
skeleton as perfect as possible and forward it to me. Mr. T. left on the 15th of this
month for the station. I suggested to him to preserve every bone however small, which
he has promised to do. On my receiving only a few at a time I will immediately transmit
them to you, as I expect it will take some time to excavate the whole skeleton, as men
cannot be spared at all times from a large sheep station.”

I have long (perhaps too long) deferred entering upon the work of the present com
munication, hoping to complete the materials for the entire reconstruction of the Dipro-
todon. But the quick lapse of time, its inevitable effect on mind and body, and the
venial impatience of the possessors of nondescript bones of the great Marsupial, combine
to put an end to delay, and I proceed, therefore, to the description of the parts of this
extinct animal at present at my command.

§ 2. Skull—It is probable that the specimen in the British Museum (Plate XXXV,
figs. 1, 2, 3), purchased at the sale of a series of Australian Fossils sent to London from
Sydney by a Mr. Boyp, and stated to have been obtained from the bed of a creek at
Gowrie, near Drayton, Darling Downs, Queensland *, may be the “ head ” referred to in
the letter above cited.

The chief dimensions of this skull are given in the ‘Table of Admeasurements’ of parts
of the skeleton of Diprotodon, p. 573.

The skull shows the general marsupial character of that part in its degree of depres-
sion or flattening from above downward, in the small proportion devoted to receive the
brain, and in the large proportion given to the olfactory chamber and precranial air-
sinuses. :

The occipital region (Plate XXXV. fig. 1, 5, fig. 3), instead of being vertical, as in
Macropus (ib. fig. 5) and most existing Marsupials, slopes forward from the terminal con-
dyles at an angle of 45° with the basicranial axis.

The basioccipital (ib. fig. 8,:) forms by a thick border convex vertically, slightly
concave transversely, the lower part of the rim of the foramen magnum (ib. 0) an inch
in extent, separating in the same degree the lower ends of the occipital condyles (ib. 2, 1).
These ends may be contributed by the basioccipital element, but the sutures between it
and the exoccipitals are obliterated.

# « All the above fossil remains are from King’s Creek, Darling Downs, being the same locality whence the
entire skull of the Diprotodon was obtained some years ago.”—W. 8. Macreay, in ¢ Report on Donations to
the Australian Museum during August, 1857. See also « Owex, On Nototherium,” in Proceedings of the Geo~
logical Society of London, March 1858, p. 158.

482



922 PROFESSOR OWEN ON THE FOSSIL MAMMALS OF AUSTRALIA.

The basioccipital, as it advances, expands and gains a thickness of nearly an inch of
compact and minutely cellular bony tissue.

The occipital condyles (Plate XXXV. fig. 3, 2), an inch apart below and 23 inches apart
above, have their lower extremity obtuse, about an inch broad, curved inward and forward ;
they expand as they ascend, diverging to a breadth of 2 inches at their upper ends. The
vertical convexity of each condyle describes a semicircle, the extent of the articular
surface following this curve being 6 inches. The outer border is longer than the inner
one, so that the upper margin of the condyle rises obliquely from within outward. The
narrow lower ends of the condyles rise or project more abruptly from the intervening
basioccipital border of the foramen magnum than in Macropus. FEach condyle is here
impressed by a rough surface or shallow notch at its inner surface, indicative of tendinal
insertion. A low narrow ridge extends from the outer part of the lower end of the
condyle, forward, and may indicate the lateral extent of the basioccipital at this part.
The transverse convexity of the condyle is greater, less angular, especially at the lower
half, than in Macropus. The oblique base or upper end of the condyle projects pro-
portionally more from the non-articular part of the exoccipital. A similar better defi-
nition or greater prominence characterizes the outer margin of the condyle; the inner
margin forming the sides of the foramen magnum is sharper and better defined than in
Macropus : these borders are also less divergent as they rise. The inner, non-articular
side of the condyle is slightly concave, rough, subtuberculate. The outer border of the
articular part is sharp, and projects over the inner non-articular side of the condyle. In
their posterior terminal position and degree of prominence the occipital condyles of
Diprotodon resemble those in Dinotherium.

The foramen magnum (ib. fig. 3, 0) is bounded above by the arched obtuse border of
the exoccipitals, which bones rapidly gain thickness as they extend from the foramen.
I assume that the exoccipitals met above the foramen, as in many Marsupials; or, if not
meeting, had their interspace filled by the superoccipital, as in Phascolarctos : they left
here no notch, such as one sees in Macropus Bennettis. The upper border of the
foramen magnum is non-emarginate in Macropus major; but it is relatively of greater

~extent in that Kangaroo, through the greater divergence of the condyles, and it is less
arched or concave transversely than in Diprotodon. Two precondyloid foramina open
upon each exoccipital, opposite the junction of the lower and middle thirds of the
condyle, from which the hindmost foramen is distant 9 lines, the next 1 inch 2 lines
each foramen is about 4 lines in diameter. An irregular or tubercular ridge curves over
the fossa of the precondyloid foramina, expanding to be lost on the paroccipital. This
process (ib. figs. 1 & 3, ) is tuberous, thick, and short; it is not so much produced as
in Macropus.

The foramen magnum is more evasé than in Macropus, i. e. it expands funnel-wise to
its outlet, backward, and especially above and below ; it has more the character of a
short (neural) canal than a foramen, through the antero-posterior extent of its wall or
rim. It is transversely elliptical, 2 inches 5 lines in long, 1 inch 3 lines in short, dia-
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meters. It opens directly backward, the plane of its outlet being vertical. On each side
of the inlet of the foramen magnum a wide and deep impression of a sinus curves down-
ward to the jugular foramen at the inner side of the base of the paroccipital. The inner
openings of the precondyloid canal are in a slight depression on each side the foramen
magnum, a little nearer together than the outlets.

In the almost entire skull the upper border of the foramen magnum and contiguous
part of the superoccipital surface are wanting. In the part of the occipital of another
skull that surface is preserved to an extent of 24 inches in advance of the upper border
of the foramen, and for a breadth of 6 inches. This surface slopes forward from the
foramen and condyles as in the entire skull; it is externally smooth and transversely un-
dulating, showing a shallow medial concavity between two broad gentle convexities, which
fall outwardly into concavities bounded by the oblique bases of the condyles. Nearly
the lower half of the superoccipital surface is preserved in the fragment: the upper half,
present in the skull, shows a strong medial vertical ridge (Plate XXXV. fig. 3, 5), and is
bounded above by the ridge between the superocciptal (s) and parietals (7), continued
outwardly upon the mastoids (s). The cranial air-sinuses are continued backward into
the super- and ex-occipitals, not into the basioccipital. On each side the mid-ridge (s)
is a shorter vertical ridge. The mastoid (s) makes a much less projection than the par- “
occipital (4); it is confluent above with the petrosal, as in other Marsupials; not pre-
serving its primitive distinction from that sense-capsule as in the Babyroussa*.

The brain being small in Marsupials, and the disproportionate smallness of its case to
the rest of the skull increasing, as in other natural groups of mammals, with the general
bulk of the species in such group, this character is a striking one in the skull of Dipro-
todon. Like its carnivorous contemporary the Thylacoleot, the brain-case makes no
convexity or out-swelling into the temporal fossee; the inner as well as the outer and hind
walls of these long and large lateral vacuities are concave, and form parts of a general
though not uniform excavation.

The broad and low triangular superoccipital surface, strongly sloping forward as it
rises from the condyles, contracts above to its apex, and is continuous there with a
(sagittal) ridge of the coalesced parietals (ib. fig. 1,7) extending forward to the inter-
orbital region. There the upper surface of the cranium begins to expand, and to swell
into a pair of low convexities (ib. fig. 1, n) which roof over the frontal sinuses. The
outer wall of this pneumatic part of the cranium has been crushed down by posthumous
pressure or injury in the entire skull.

The nasals (Plate XXXV, figs. 1, 2, 15), in continuing forward from the frontals the
upper line of the skull, rise gently toward their terminations, which again  curve
downward, giving a sigmoid contour to that part of the cranial profile in a degree peculiar
to the present species. The vertical diameter of the facial part of the skull at the ter-

* Owen, ¢ Anatomy of Vertebrates,” 8vo, vol. ii. p. 469 ; and ¢ Catalogue of the Osteology, in the Museum of the
Royal College of Surgeons,” 4to, no. 3345, p. 557.
+ Philosophical Transactions, 1866, Plate 1.
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mination of the nasals rather exceeds that of the cranial part at the parietal region; it
is also greater than the beginning of the facial part of the skull in advance of the orbits
and molar alveoli, whence there is a gain both in depth and breadth as it approaches
the anterior terminations; but the uniformity of this diameter of the skull along the
medial line, from the superoccipital forward to the premaxillo-nasal part, viewed side-
ways or in direct profile, is a remarkable characteristic of Diprotodon.

The part of the maxillary (Plate XXXV. fig. 1, 21) lodging the molar series of teeth
(d 3-m 3) breaks the lower line of the profile, descending below it along the middle third
of the length of the skull. The zygomatic arch is deep, long, but proportionally less con-
vex outwardly, or less expanded, than in Thylacoleo. 1ts base (ib. figs. 1 & 3, ») seems as
if continued from the whole side of the occipital plane, contracting rapidly at the upper
border as the arch sweeps outward and forward; the superoccipital crest being continued
into the upper border of the arch, and this apparently without break or abrupt rise in
any part of that border®. The frame of the orifice of the “ meatus auditorius” (ib.
fig. 1, »s) projects downward from the hind part of the lower border of the base of the
zygoma, indicative of the tympanic. Immediately in front of this descends the postglenoid
process (@) of the squamosal, and in advance of this is a second downward projection or
convexity due to the *“ eminentia articularis ” (5), which is here, as in Marsupials, a process
of the malar (ss). From this part the lower border of the zygoma runs forward nearly
parallel to the upper one, but with a slight concavity, as far as the maxillary element of
the zygoma, which sends down a strong, moderately long, obtuse, subcompressed masse-
teric process (ib. 2v)—a cranial feature which is peculiar to herbivorous Marsupials+.

The orbit (ib. fig. 1, r) is a relatively small vertically oval cavity, communicating
widely behind with the temporal fossa (ib. ;). The external nostril (ib. figs. 1 & 2, n)
is terminal, subvertical, rather expanded, and divided in great part by an upward exten-
sion of the medial nasal plate of each premaxillary (ib. figs. 1 & 2,2»), which plates,
being in close contact, form the lower part of a long “septum narium™ at the outlet of
the nasal cavity, recalling its condition in the extinct Rhinoceros tichorhinus. There
is a narrow and short descending ridge at the coadapted medial borders of the nasals,
which seems to have been continued into the septum by cartilage rather than by bone.
I have alluded to the analogy which the structure of the external nostrils in Diprotodon
suggest to those of an extinct Pachyderm, but the truer and closer resemblance is found
in the Marsupial group. The cavity of the nose is divided by a complete bony septum
to within one-fourth of the outer opening in Macropus and Phascolomysy, advancing, in
one species of Wombat, as in Nototherium, nearer to that outlet.

# Some mutilation of the hind part of this upper border in both zygomata begets reserve in definitely pro-
nouncing as to its normal outline.

+ The descending masseteric process in Glyptodonts, Sloths, and Megatherioids is formed by the malar bone
exclusively. OWweN, ¢ Anatomy of Vertebrates, vol. ii. p. 405, figs. 273, 274, 26, a.

+ “On the Osteology of the Marsupialia,” Zoological Transactions, vol. i, p. 391. Anatomy of Vertebrates,
vol. ii. p. 348.
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The base of the masseteric process of the.maxillary (Plate XXXV. fig. 1, o) is a ver-
tical outstanding ridge, beginning below about an inch above the fore part of the last
molar alveolus, or above the interspace between the last and penultimate sockets, ac-
cording to the age of the individual. It becomes thinned as it rises and projects, and
then suddenly expands to form the fore part of the zygoma and to send down the pro-
cess. This is slightly twisted upon itself outward and backward, concave on the hinder
and inner surface, convex at the opposite surface; the fore part of the vertical base of
the zygomatic process of the maxillary is smooth and concave.

The alveolar border of the maxillary contracts and terminates obtusely behind the last
molar (m 3, Plate XXXVIIL fig. 2). It articulates with the palatine, leaving a hinder
angular interval into which the lower and fore part of the pterygoid is wedged. The
outer part of the concave hind border of the bony palate curves from the pterygoid
inward and forward to opposite the mid-division of the last molar: the palatines appear
to complete, with the maxillaries, the hind part of the roof of the mouth, without leaving
a vacuity.

Portions of the maxillary and palatine of two other individuals are equally without
indications of any wide postpalatal vacuity opposite the interspace between the last and
penultimate molars. In advance of this interval the bony palate, due here to the maxil-
laries exclusively, extends so as to give a breadth of the palate between the penultimate
molars of 41 inches. '

Anterior to the masseteric process the outer alveolar wall of the maxillary is undulated
by the vertical prominences, indicative of the large and thick roots of the molar teeth.
The alveolar border contracts as the teeth advance in position and decrease in size, and
becomes a ridge anterior to the first molar in place (usually the second of the series (d 1)
in full-sized Diprotodons). This antalveolar or diastemal ridge (Plate XXXV. fig. 1, x)
curves upward and inward, approaching its fellow, then arches downward and terminates
at the back part of the socket of the third incisor, where the maxillo-premaxillary suture
begins. At the wider hind part of the interval, between the antalveolar ridges, there
seems to have opened an anterior or prepalatal canal leading to the fore part of the nasal
cavity, the orifice being elongate. In advance of this the deep and narrow channel
between the fore part of the diastemata is entire. Above these ridges, the outer plates
of the maxillaries swell outward as they ascend to form the lateral walls of the antorbital
part of the nasal chamber, arching inward again above to join the nasal bones (is).

The maxillo-nasal suture seems to have a relatively greater extent than in Phascolomys ;
but owing to the short facial or antorbital part of the skull, as compared with Macropus,
it is of much less relative extent than in that genus. The antorbital foramen (ib. figs.
1 & 2, =) is longest vertically. '

Fach premaxillary (Plate XXXV. figs. 1 & 2, 2) is deeply excavated by three alveoli,
the foremost the longest, largest, and most curved. The inner walls of these alveoli
rise as a strong vertical crest () dividing the lower part of the nasal outlet. The inci-
sive alveoli succeed each other from before backward ; and, owing to its superior size,
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the outer border of the first projects further from the midline than does that of the last.
Viewed from the palatal aspect the two series of incisive alveoli converge backward,
instead of forward as in the Kangaroo and most other quadrupeds. The malar bone
(Plate XXXV. fig. 1, %) ascends from its junction with the maxillary to join the lacrymal
(3) at the fore part of the orbit, by a very narrow curved strip or process; its main body
is suspended in the zygomatic arch, of which it constitutes the anterior half, and the
lower part, as far as, and including, the “eminentia articularis.” The suture between
the squamosal and malar elements of the zygoma is almost straight, extending from
behind the orbit obliquely backward and downward to the glenoid cavity, of which
articular surface the malar “ eminentia,” here more flattened than usual, contributes the
fore part. This articulation (ib. fig. 4) is most extended transversely to the skull’s axis;
its hinder half (ib. ib. ») is concave from before backward, its fore part (ib. ib. ux)
convex, but becomes flattened or a little hollowed on the * eminentia.”

The lacrymal (ib. fig. 1, »s) is perforated by the canal, marsupial-wise, in advance of
and external to the orbital cavity.

3. Mandible.—A transversely extended subconvex condyle (Plate XLII. figs. 3 & 4)
adapts itself to the cavity offered by the base of the zygoma. The condyle is 6 inches
in transverse extent, 1 inch 9 lines from before backward ; it is, in that direction, most
convex. The condyloid process is supported by a three-sided neck quickly contracting
to 1inch 9 lines in transverse diameter (ib. fig. 3,n); it is broadest and flattened behind,
contracted in front to the ridge-like beginning of the “ coronoid ” plate (ib. figs. 2 & 4, 7),
which extends forward near the outer side of the neck. The condyle is more extended
inward (ib. fig. 4, ¢) than outward (ib. ib. ¢) of this advancing vertical coronoid plate.
The flat surface at the back part of the neck is continued into a suddenly expanded
hinder facet of the ascending ramus, formed by the outward production of the hind
wall or boundary of the outer depression for the insertion of the temporal muscle, and
by the inward production (Plate XXXV. fig. 3, ¢) of the hind wall or boundary of the
deep inner concavity of the ascending ramus, where opens the large entry (Plate XTII.
fig. 2, 0) of the dental canal. ~Below this orifice the concavity extends downward through
the concomitant extension of the inner plate or hind wall to the lower border of the
horizontal ramus, where it gradually subsides. The hind wall of the outer depression
of the ascending ramus (Plate XXXYV. fig. 1, ¢) follows the contour of that of the inner
depression, but sooner subsides; the interspace is a continuation of the broad hind
flattened facet which, as it descends, gets a more outward aspect. Beyond the sub-
sidence of the outer plate it gives the appearance of a bending inward of the angle of

_the jaw (ib. fig. 2, ¢), and that to a degree which is characteristic of Marsupials. The
outer or crotaphyte depression of the ascending ramus (Plate XXXV. fig. 1, ') gradually
gains the ordinary level of the outer surface of the horizontal ramus, and does not
undermine the ascending branch to communicate with the inner concavity as in Macro-
pus. In the shape of the condyle Diprofodon resembles Phascolomys, in which the
intercommunicating canal is much reduced.
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The anterior border of the ascending ramus is straight and subvertical ; it is thickened
at its lower part to be continued into the convex outswelling of the horizontal ramus
outside the last molar (Plate XXXV. fig. 1, m 3), a distance of an inch intervening be-
tween the alveolus of this molar and the convexity rising and thinning into the fore part
of the coronoid plate (f). The alveolar border is continued into an obtuse ridge or
prominence, 2 inches behind the last alveolus; from which prominence the ridge sub-
sides and expands, retrograding to form the internal border of the entry of the dental
canal (ib. d).

The horizontal ramus gains slightly in depth as it advances from the last to the first
molar socket (¢ 3). Two and a half inches below this socket, and a little in advance, is
the vertically elliptic outlet of the dental canal (ib. =2). Below this orifice the ramus
bulges out into a rather rough tumefaction, then slopes and contracts upward and forward
to form the socket of the huge procumbent lower incisor (7). From the socket of d 3 the
alveolar border sinks and expands into the upper part of the socket of the incisor. The
under border of the horizontal ramus is smoothly and broadly convex transversely. The
inner surface sinks sheer from the openings of the molar alveoli, and curves inward
below the anterior ones to the symphysis (Plate XLL fig. 2, s, s). The fore part of
the mandible below the incisive alveoli, expanding to the tuberous outswellings above-
mentioned, has a broad, subquadrate form, recalling the shape of that part in the Hip-
popotamus (Plate XXXV. fig. 2, ¢, ?).

The symphysis (Plates XLI., XLIL. fig. 2, s, s)begins behind, at a line dropped verti-
cally from the front lobe of the third molar (m 1); it is 6 inches in length, 4 inches in
depth in the full-grown animal. It gainsin vertical direction more than in length during
the growth of the mandible, with reference apparently to the provision of a sufficient
lodgment of the progressively'increasing incisive tusk. (Compare Plate XLI. fig. 2, s, s
with Plate XLIL fig. 2, s,s.)

The large size of the dental canal exposed by the posterior fracture of the ramus of
another mutilated mandible indicates the ample supply of vessels and nerves which
minister to the growth and nutrition of the incisive tusk; the depth of the symphysis
of the jaw corresponds with the tusks, which it helps to support; contributing to the
required strength for the operations of those eroding implements, with space for the
deep implantation and for the lodgment of the large persistent matrix of each tusk (Plate
XLIL fig. 5). The direction of the symphysis is oblique, from below upward and for-
ward ; its upper margin is nearly straight, its lower one convex; the rough articular
surface stands out a very little way from the vertical plane of the inner surface of the
ramus. :

In comparing the symphysial part of the jaw of Diprotodon with that of any other
large quadruped carrying a single incisor in each ramus there are well-marked differences.
The symphysis in the Sumatran Rhinoceros and in Acerotherium is less deep and is pro-
portionately broader ; the great length of that part in the Mastodon longirostris, and
its deflection in Dinotheriwm more conspicuously differentiate them. In the remark-

MDECCLXX. ' 4 ¢
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ably large proportion of the symphysis in Diprotodon to the size of its molar teeth there
are no quadrupeds which so nearly resemble it as the Notothere and the Wombat ; but
in this existing Marsupial the symphysial part of the jaw is broader in proportion to its
depth. The long and narrow symphysial junction in the Kangaroo is peculiar for the
yielding movements allowed to the rami upon each other, which is betrayed by those
of the long procumbent depressed incisors in the living animal *.

§ 4. Dentition.—The dental formula of Diprotodon is:—i3=, ¢!=2, mi==28. Of
the upper incisors the first or anterior pair (Plate XXXV. figs. 1 & 2, 7 1; Plate
XXXVTI. figs. 1-6) are large curved scalpriform teeth, of which I have not found indi-
cations of cessation of growth in any specimen. The skull above described and figured
(Plate XXXV.)has been that of an aged male, judging from the size and degree of attri-
tion of the teeth which are retained; but the anterior incisors above, like the pair below,
are continued to the bottom of their deep alveoli without contraction, and with the re-
tention of a widely open pulp-cavity (Plate XXXVI. fig. 6). It is obvious that these
strong anterior incisors (ib. figs. 1-4) worked with the evergrowing power of the “ dentes
scalprarii” of the Wombat, the Aye-aye, and the Rodents.

In the above skull the length of ¢ 1, following the convex curve of the tooth, is 11
inches; its circumference is 4 inches 9 lines; the breadth of the oblique abraded
working surface is 1 inch 9 lines; the longitudinal extent of that surface is 2 inches;
but this varies in other specimens. An extent of the tooth of 8% inches (following the
outer curve) is lodged in the socket of the premaxillary.

I made a transverse section of a fragment of the skull of a Diprotodon, including the
fore part of the premaxillaries and their scalpriform teeth (Plate XXXVI. fig. 5). Such
section of the tooth (i 1, ¢, d, e) is irregularly three-sided, with the angles broadly rounded
off. The inner side, or that next the fellow tooth, is the narrowest; the front or ena-
melled side is the broadest: this side is traversed lengthwise by a wide and shallow mid
channel ; the opposite side is grooved by a narrower and rather deeper channel, running
along its outer half; and the inner more prominent half of this side (the concave one
lengthwise) also shows a narrow and feeble impression near the mid-line of the tooth, and
a broader more shallow impression nearer the angle, dividing the hinder from the inner
surface. This surface, 1 inch 3 lines across (ib. fig. 2), is generally somewhat convex,
but wavy through two or three low obtuse longitudinal ridges, with intervening shallow
channels. A fossil fragment of a similarly sized tooth yielding such transverse section
as that shown by this remarkable scalpriform incisor would, according to present expe-
rience, determine the genus of Mammal to which it had belonged.

The enamel coating the anterior convex curve of the tooth is continued over the major
part of the outer rounded surface, terminating abruptly along a line (ib. fig. 5, ¢)
external to the outer longitudinal ridge (¢) of the posterior surface. In like manner
the enamel is continued over the rounded angle between the anterior and inner or me-
dial sides of the incisor, and terminates abruptly at ¢, fig. 5, after covering about one-

* First noticed by MasoN Goop, ¢ Book of Nature,” vol. i. p. 283.
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third of the inner surface. The hinder and two-thirds of the inner sides of ¢ 1 are thus
uncoated by enamel, the dentine (d) showing there only a thin coating of cement (¢).

The surface of the enamel is longitudinally striate and punctate (Plate XXXVT. figs.
3 & 4); the fine pits being chiefly but not wholly between the striee; so that in some
parts the surface seems to be minutely reticulate or reticulo-punctate. The surface of
the dentine to which the enamel was applied shows a similar but less marked character.
The cement (¢) is thickest where it overlaps the terminal edges of the enamel.

The second upper incisor (Plate XXXV. fig. 1, ¢2; Plate XXXIX. fig. 7) is slightly
curved, but in an opposite direction to the first, the anterior longitudinal outline being
concave: the degree of this bend seems greater through the oblique attrition of the
tooth from behind downward and forward. The transverse section of this incisor is
subcircular. The length of the exposed part of the tooth is 3 inches; the circumference
is 3 inches 6 lines; but this slightly diminishes to the margin of the socket, and more
so to the inserted end. The fore-and-aft extent of the abraded working-surface of the
tooth (ib. fig. 8)is 1 inch 6 lines. The length of the entire tooth does not exceed 4 inches.

The third upper incisor (Plate XXXV. fig. 1, ¢3), of similar form, is smaller. The
length of the exposed part is 2 inches 10 lines; its circumference is the same; the fore-
and-aft extent of the worn surface is 1 inch. This surface runs upon the same level as
that of the second incisor. The crown of the large lower incisor, besides applying its
trenchant edge against that of the broader front incisor, scraped upon both the smaller
incisive teeth. Probably, by reason of the age of the individual and the extent of tooth
worn away, the original enamelled crown has gone, and both ¢ 2 and ¢ 3 are here repre-
sented only by their cylindrical cement-covered portion.

A specimen of a detached second upper incisor is in the same condition: the ena-
melled crown is worn away, the root contracts to its implanted end, which shows a small
remnant of a conical pulp-cavity 8 lines in depth and the same in width, as in fig. 7,
Plate XXXIX. :

The second and third incisors of Diprotodon were teeth of limited growth, and with
the enamel confined to and thus defining a crown as in the Kangaroos; whilst the front
incisor was a scalpriform tooth as in the Wombats, in which the second and third inci-
sors are not developed. The extinct Diprofodon thus exemplifies an interesting inter-
mediate or transitional condition of the upper * dentes primores” unknown in any existing
form of Marsupialia.

In the upper jaw of the skull above described (Plate XXXYV.) the molar series is in
place, with the exception of the first small tooth (¢ 3). The other four teeth occupy, on
each side the jaw, a longitudinal alveolar extent of 7 inches 4 lines. The homologies of
these teeth with those in Macropus are indicated by the symbols used in my ¢ Anatomy
of Vertebrates,” vol. iii. fig. 296, where the grounds for such use are given, and in fig. 1,
Plate XXXV. of the present Memoir. Scarcely a trace of the socket of the first small
molar (d 3) remains in the skull; the other molars progressively increase in size to the
last (m 3), which has a minor breadth of the hind lobe than in m 2. The line of the

4c¢2
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working surfaces of the four molars describes a slight convexity downwards (Plate
XXXVIIL fig. 1) ; the exterior line is also slightly convex (ib. fig. 2); the interior line
is concave in a less degree ; the right and left series are moderately convergent anteriorly.
The interspace between the hind lobes of the last molars (m 3) is 4 inches 1 line; that
between the front lobes of the first molars (d 4) is 3 inches 1 line; these dimensions give
the breadth of the palate between the right and left teeth above symbolized.

All the molars in place have an enamelled crown divided into two transverse lobes
(Plates XXXVIIL., XXXVIIL «, ), with accessory ridges (f; ¢), and are inserted by
cement-clad contracting roots as in Macropus. The summits of the transverse lobes are
abraded in all the molars of the specimens figured ; but least so in the hind lobe of the
subject of m 3, fig. 2, Plate XXX VIII.

The socket of the first small molar (fig. 1, d 3) is partially preserved in the entire skull ;
it consists of two cavities, the hindmost the largest, the tooth having only two roots..
In the subject of Plate XXXVIL figs. 1 & 2, the crown of d 4 is ground down nearly to
the bottom of the cleft (4); the fore-and-aft extent of the grinding-surface is 1 inch 2
lines; its transverse extent across the hind lobe is the same. Across the fore part of the
base of the tooth is a low ridge (), to the level of which the anterior lobe () is almost
worn. 'The corresponding ridge at the back part of the tooth is continued along both
the outer and inner borders (g, ¢) of so much of the back part of the hind lobe as is not
ground down; the whole of the surface projects beyond the level of the worn surface of
the following molar (fig. 1, m). The transverse cleft is deepest at its outer and inner
ends; a ridge of enamel descends from each of these ends of the anterior lobe, and,
meeting a corresponding projection of the oppposite lobe, it partially closes the entry
of the valley.

The anterior basal ridge is strongly developed in m 1, especially at its inner end; the
interspace between it and the anterior lobe widens toward the inner side of the tooth (f').
The anterior lobe is worn down nearly to the level of the ridge; the surface describes a
transverse irregular ellipse; that of the posterior lobe is narrower: in both a mid linear
tract of osteo-dentine (0, 0) is exposed.  The narrow hind basal ridge (¢) is continued
upon the hind lobe as in p 4, and that lobe projects clear beyond the level of the
grinding-surface of m 2. The antero-posterior and transverse diameters of the working-
‘surface of m 1 are each 1 inch 6 lines. ‘

The anterior basal ridge (f) is strongly developed in m 2, and the antero-posterior
diameter of the tooth (11inch 9 lines) rather exceeds the transverse diameter. The front
lobe (@) is worn down to within 5 lines of the basal ridge. The minor degree of abrasion
of the hind lobe shows the curve of the grinding-surface, concave backward, which is lost
as the thicker part of the lobe is reached. The hind basal ridge (¢) is feebly developed.

In the last molar (m 3) the hind lobe is markedly less than the front one, by its more
rapid loss of transverse dimension: it is rather narrower in this line at its base, as it is
in fore-and-aft extent. The last upper molar of Diprotodon may be readily determined
by its posterior contraction. In some individuals the hind surface of the hind lobe
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is less evenly concave transversely; I have seen it almost canaliculate. The loss of
breadth of this lobe is chiefly from the outer side, and the lobe is lower than the front
one, the level of the grinding-surface reaching halfway toward that of the front lobe.
The fore-and-aft extent of the base of the tooth is 2 inches; the transverse extent of the
worn surface of the front lobe is 1 inch 6 lines; that of the hind lobe is 1 inch 3 lines.
The anterior ridge (fig. 4, f) is continuous with a feeble rising of the enamel at the
outer and the inner borders of the front surface of the anterior lobe. The posterior
basal ridge (Plate XXXVIII. fig. 3, ¢) is more directly and conspicuously continued into
the ridge along the inner border of the posterior surface of m 3.

Wherever sufficient of the lobes remains, their profile, especially the outer one, de-
scribes a curve concave forward (Plates XXXVII., XXXVIII. fig. 1). The inner and
anterior angle of each tooth, due to the more prominent part of the front basal ridge,
projects inward, a few lines beyond the inner surface of the tooth in advance (ib. ib.
fig. 2). Thus there is not only a zigzag disposition in the vertical but in the transverse
arrangement of the upper molars, though in the latter it be but slightly marked. The
enamel is about a line in thickness, and shows strongly the reticulo-punctate or rugous
surface at the less exposed parts of the crown.

The upper molars are implanted by fangs which acquire twice the length of the ena-
melled crown: they are at least three in number, save in the first small and early deci-
duous tooth (d 3). The base of the anterior division of the tooth bifurcates as it de-
scends, slightly contracting in the socket, and thus forming two fangs in the same trans-
verse line. The base of the posterior division, if it bifurcates in any molar, is divided
later and to a less extent. It gradually contracts, and is longitudinally excavated at the
side next the other fangs.

Figure 5, in Plate XXXVIIL, gives a view of the two anterior fangs (m, ») of the last
molar; fig. 6,1ib., shows the single posterior fang (/) of the same tooth. Plate XXXIX.
fig. 3 shows the sockets and implanted ends of the fangs of the antepenultimate and last
molar teeth. The outstanding antero-posteriorly compressed zygomatic process of the
maxillary (#') is here opposite the hind lobe of m 2. .

In the series of upper molars of Diprotodon there are varieties as to size, and as to
order or degree of wear, the former variety being more constant. Both are exemplified
in the specimens figured in Plate XXXVII. figs. 2 & 8. In fig. 8, a portion of the left
upper jaw with the last three grinders, m 1 shows both lobes and the anterior ridge worn
down to a common field of dentine (d) and osteo-dentine (0, 0): the summits of m 3 are
partially abraded. In fig. 2, in which the last molar (m 3) shows an equal degree of
abrasion, the antepenultimate molar (m 1) is not worn to the same degree as in fig. 3;
the anterior lobe is ground down near to the basal ridge (f'), but this remains untouched ;
the valley between the two main lobes is not obliterated. ~What is still more unusual,
where the last molar has come into use, the second molar (p 4, fig. 2, Plate XXXVII.)
preserves its lobes hardly worn down to the bottom of the valley, and the two fangs of
the first molar (¢ 3) remain in their alveolus.
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A cursory comparison of the two foregoing specimens suggests that m 1 (fig. 3, Plate
XXXYVII.) may have been destined to be pushed out by a vertical successor, which, in
place in the larger specimen (m 1, fig. 2, Plate XXX VIIIL.), shows of course a less degree of
abrasion. But this is not the case. I have in vain sought for evidence of any premolar,
in either upper or lower dental series of Diprotodon : it differs from Macropus and resem-
bles Phascolomys in this particular. All the teeth, like the last three grinders in the
type diphyodont dentition, belong to the first set. The variety as to degree of attrition
in molars of the same series is due to some modified habit of mastication: the difference
in respect of size I ascribe to sex, the smaller grinders belonging to the female, con-
comitantly with a general inferiority of bulk, as is seen in Macropus. The following
admeasurements exemplify the difference of size in molar teeth, which is probably

sexual :—
Diprotodon.
r A N
Male. Female.

in.  lines. in lines.

m 3. Antero-posterior diameter . 1 10 1 7

Transverse posterior diameter (base of front lobe) 1 11 1 6

m 4. Antero-posterior diameter . 2 3 2 0

Transverse posterior diameter. . . . . . . . 2 0 1 7

m 5. Antero-posterior diameter . 2 4 2 1
Transverse posterior diameter. e 2 0 1 L

Antero-posterior extent of m 3, m 4, mo6 . . . . 6 0 5 10

The forms and proportions in which the four constituents of the molar teeth of Dipro-
fodon are combined, are exemplified, in the vertical longitudinal section of the last three
upper grinders, in Plate XLII fig. 1. The enamel (¢) gains thickness as it recedes
to a certain extent from the summits of the lobes, giving more resistance or grinding-
power as the tooth wears down; but the enamel thins again at the base of the lobe; it
gains a little more thickness as it is reflected, so to speak, over the basal ridges, beyond
which it extends from three to four lines before thinning off, and ceases upon the body
of the tooth before its division into fangs. The usual general direction of the dentinal
tubules is well displayed, as in most fossil teeth. ~As the dentine becomes exposed and
abraded, the pulp-cavity is defended by the coarser calcification of the remaining matrix
near the field of abrasion, and from 2 to 3 lines of osteo-dentine is interposed between
that field and the pulp-cavity. In each lobe of the tooth most worn (m 1) the cavity is
reduced to a linear trace. In the anterior lobe of m 2 it is more expanded; and it
retains width in both lobes of m 3. In each tooth the pulp-cavity has received a
lining of dark-coloured spar in the course of fossilization. The cement is thickest upon
the back part of the hind root (¢), whence it extends upon the posterior basal ridge:
this partial excess of cemental development assumes a characteristically definite figure
in such sections as the one described.

The lower incisors (Plates XXXV., XLI & XLII. i; Plate XXXIX. figs. 4, 5, 6) are
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nearly straight; the very slight degree in which they deviate from that line tends to an
upward curve (Plate XXXIX. fig. 4).

The length is 10 inches, the circumference 5 inches 6 lines. The longitudinal ex-
tent of the worn surface in those of the skull (Plate XXXV.) is 3 inches ; its transverse
breadth is 1 inch 4 lines. The transverse section of the entire tooth (Plate X XXIX.
fig. 6) is oblong; in some it presents an irregular oval with the small end upward. The outer
side at its lower two-thirds is usually prominent; the inner sideis more even or flat, in
some instances feebly convex ; in one specimen very slightly concave along its middle third.
The outer side is more constantly traversed by a narrower shallow longitudinal channel,
rather above the middle of that side. The enamel (Plate XXXIX. figs. 9, 6, ¢) is con-
tinued from the border of this channel round the lower part of the incisor, to about one-
fifth of the extent of the inner side (ib. ¢'): its terminal borders are abrupt on both sides,
with the rather thick cemental covering of the unenamelled part of the circumference
extending over the enamel borders. The surface of the enamel is finely ridged length-
wise and reticulo-granulate; the minute studs of enamel being, however, more conspi-
cuous than the holes; although these are not absent.

About two-thirds of the tooth is lodged in the socket, which extends backward a little
beyond the symphysis, but without causing, as in Rodents, a prominence of the inner
wall of the ramus (Plate XLI. fig. 2); in this respect Diprotodon resembles Macropus
and Phascolomys. The line of the socket forms an angle of 147° with the basal line
of the mandibular ramus. The pulp-cavity (Plate XLIIL fig. §, p) is a long cone
widely open at the base. The pair of tusks run almost parallel, slightly approximating
so as to come into contact at their working ends.

The form of the lower incisor, described as it is shown in the most perfect specimen
of the lower jaw of a full-grown example, is subject to some variety. Being a tooth of
unlimited growth, it increases with the size of the jaw. In young specimens the out-
swelling of the outer side, or the contraction of the upper third of that side, is either not
apparent or not so conspicuous, and the transverse section of the incisor yields a full
oval, as in that of the young Diprotodon from the Wellington Valley Cave * (Cut, fig. 1 a),
and, slightly modified, in the one of similar age from Darling Downs, Queensland (Plate
XLI fig. 1, a).

But under all these slight varieties, which I cannot regard as specific, there prevail the
same essential characters of structure, disposition of enamel, &c., pointed out in my
original Memoir as differentiating Diprotodon from Halichore, Hippopotamus, and other
Mammals with tusks of similar size.

A diastema, between three and four inches in extent, rises gently as it recedes from the
incisor (Plate XLI. %), to the first molar (¢ 3), and more so, as the molar series becomes
completed and pushed out for use as in Plate XXXV. fig. 1, and Plate XLII. fig. 2.

Of the first molar tooth (d 3) I have no specimen. Its existence was indicated by traces
of its socket in the portion of mandible obtained by Dr. E. C. Hosson, from a gravel-

# MrrcrrLy’s ¢ Three Expeditions into the Interior of Australia,’” Svo, 1838, vol. ii. p. 862, pl. 31. figs. 1 & 2.
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bed in the “ Melbourne district,” described in my ¢ Catalogue of Fossils in the Museum
of the Royal College of Surgeons’ (4to, 1845), p. 308, no. 1491 ; and such trace of socket
showed the tooth to have been implanted by two fangs. The corresponding divisions of
the socket of d 3, with the fangs én situ, are better preserved in the specimen figured in
Plate XLII. fig. 5, and Plate XLIIL figs. 1 & 2, d 3. Dr. Hosson, shortly before his
death in 1848, transmitted to me a sketch of this tooth #n sitw, in a fragment of the
lower jaw of a young Diprotodon (Cut, fig. 2), according to which the anterior as well
as the posterior lobe of d 3 is in the form of a transverse Fig. 2.

wedge ; there is a basal ridge along both the fore and hind
parts of the crown, the latter being the broadest; in short,
d 3 presents, in miniature, the bilophodont type of the |
succeeding molars. From the attrition of the two lobes it
may be inferred that the opposing molar above was also
transversely two-ridged. That the tooth (fig. 2) answers
to the one which occupied the socket (d 3)in Plates X LI
& XLIL fig. 5, is shown by correspondence of size. The
fore-and-aft extent of the socket in both is 9 lines, the
breadth of the division for the anterior fang is 4lines, of
that for the posterior fang 41 lines; the alveolar wall ex-
tending transversely between the two divisions exceeds a
line in thickness; each fang is subcircular at its fractured
end, with an indent at the side turned toward the other “=<T%

fang, indicative of a longitllld.inal groove .into Whic:h t}{e First Tower molar, d3, young Dipro-
walls of the socket enters, giving a firmer implantation to todon, nat. size.

the tooth. .

In the portion of mandible (Plate XLI. & XLII. fig. ) the penultimate molar (m 2)
had not risen completely into place, and the posterior lobe was barely touched by masti-
catory work. In the mandibular ramus (Plate XLII. fig. 2), with the last molar (m 3)
in place and both ridges showing wear, the two divisions of the socket of d 3 are retained,
without trace of tooth. The fore-and-aft extent of the socket is 9 lines, that of the hind
fossa or division is 3% lines, that of the front one 24 lines, and that of the intervening
bar is 2% lines at its prominent part. '

In the younger jaw the second molar (Plate XTI figs. 1 & 2, d 4) has both lobes of
the crown about half worn down; the fore-and-aft extent of the crown, including the
anterior and posterior basal ridges, is 1 inch 6 lines. The anterior basal ridge is thickest
at its outer part, and here the enamel has been worn off in mastication. The flat fore
side of the front lobe rises 5 lines above the ridge. The abraded surface (Plate XL.
fig. 3, @) of this lobe is 8 lines in transverse and 4 lines in antero-posterior extent, the
mid part being increased in this direction by an outswelling of the hind surface there of
the lobe. The outswelling of the front slope or surface of the hind lobe is situated more
outwardly: the abraded surface (Plate XL. fig. 3, 0) of this lobe is narrower from before
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backward, broader transversely, than that of the front lobe. A low and short ridge of
enamel (k) closes both outer and inner ends of the intervening transverse valley. The
length or vertical extent of crown between the end of the valley and the division into
fangs is § lines on the inner side and 4 lines on the outer side of the tooth. The middle
of the hind surface of the hind lobe swells out; and as both outer and inner ends of the
hind basal ridge (¢) bend up the corresponding parts of the hind lobe, its hind surface
shows two shallow depressions divided by the above-named rising: in these depressions
the reticulo-punctate character of the enamel is most strongly marked. The hind basal
ridge is thicker than the front one ( /'), and thickest at its middle; its enamelled margin
is irregular, it rises higher than, and seems to overlap, the front basal ridge of the fol.
lowing tooth. The cement upon the exposed part of the crown of d 4, between its ena-
melled lobes and implanted fangs, is thick. The fangs are two in number, broadest
transversely, slightly divergent, canaliculate on the contiguous sides.

In the jaw of an older Diprotodon the second molar (Plate XL. fig. 4, d 4) shows both
lobes abraded to their common base, exposing the osteo-dentine (o) obliterating the
cavity of the fang. A small part of the enamel of the front basal ridge () shows its
position as blended with the front lobe. The line of enamel of the worn hind surface
of the hind lobe (8) forms an open angle, of which the apex shows the end of the pro-
minence joining the middle of the hind basal ridge (¢), and dividing the remnants of
the pair of depressions between that ridge and the hind lobe. The fore-and-aft extent
of the worn surface of this molar is 1 inch 63 lines; that of the base of the crown is
linch 8 lines; the breadth of the hind part of the worn surface is 1 inch. The alveolar
border rises into an angle between the origins of the fangs.

In Plate XL. fig. 2 shows the working-surface of the crown of d 4, of rather smaller
size than those above described, and probably from a young female Diprotodon. The
summit of the anterior lobe is so far worn as to expose a transverse curved line of
dentine, concave forward, beginning to expand where attrition has reached the promi-
nent part of the hind surface of the lobe. The summit of the posterior lobe (3) has
just been touched. The proportions of the basal ridges (f; ¢g) are well shown. The
reticulo-punctate character of the enamel is well marked. This tooth was from the
freshwater deposits of the Province of Victoria, near Melbourne. The outer side view
of this tooth is given in figure 1.

From the same locality I received the third molar (m 1) of the same Diprotodon
(Plate XL. figs. 5 & 6) : its almost untouched lobes are more compressed than in the Tapir
and Dinothere, and their lamelliform summits rise higher beyond their basal connexions
than in the Kangaroo; the median connecting ridge which extends between the two
transverse eminences longitudinally, or in the axis of the jaw in the molars of the
Kangaroo (ib. fig. 14), is very feebly indicated by the outswelling, shown in figs.
3 & 7, at the back of lobe a, in the Diprotodon. The anteriorly concave curve of the
summits of the transverse lobes, in fig. 6, is more regular, equable, and greater than
in the Tapir (fig. 15), the Dinothere, or the Kangaroo. The two fangs, the contiguous
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surfaces of which present the deep and wide longitudinal groove, as in the Tapir, Dino-
there, and Kangaroo, are connected together at their base by a ridge coated thickly with
cement, and extending longitudinally between the beginnings of the opposite grooves in
Diprotodon.

The third molar in the young specimen (Plate XLIL. figs. 1 & 2, m 1) has both lobes par-
tially abraded; the fore-and-aft extent of the tooth is 1 inch 10 lines, the basal breadth
of both lobes is the same, viz. 1 inch 1} line. The reticulo-punctate or worm-eaten”
character is strongly marked on the enamel of the fore part of the front lobe; this is
slightly concave transversely at its upper part, the outer and inner borders inclining
forward to receive the upward continuations from those ends of the anterior transverse
ridge (f). The middle of the hind surface of the front lobe (Plate XL. fig. 7, @) is pro-
minent, making the masticatory surface widest at that part. The prominence (4) from
the opposite surface of the hind lobe looks more like an infolding of the outer border
of that lobe, a character exaggerated in most Kangaroos; the inner border of the hind
lobe is slightly produced backward as well as forward. The hind surface of the hind
lobe does not show the mid prominence. The hind transverse basal ridge (¢) is highest
and thickest at its middle; the ends of this ridge are less distinctly continued upon the
corresponding borders of the hind lobe than in m 2. The slight backward curve of the
lobes appears in the profile view of m 1, fig. 5.

In the older jaw the lobes of m 1 (Plate XL. fig. 9) are worn down nearly to their
bases. The front transverse ridge rises a little above the hind one of the antecedent
tooth; about 5 lines extent of the fore part of the front lobe rises above the ridge.
The anterior enamel-line of the worn surface is nearly straight, the posterior one
forms a low angle answering to the prominence of that surface of the lobe. The
valley between the two lobes is most shallow and narrow at its middle. The abraded
surface of the hind lobe is transversely elliptical, 1 inch 4} lines in transverse dia-
meter, and 8 lines in the opposite diameter; its hind border is worn down within 3 lines
of the posterior basal ridge (¢), which abuts against the next tooth above its anterior
ridge.

The fourth molar (m 2) in the younger specimen (Plate XT.. figs. 9 & 10) has a line of
dentine exposed on the summit of the front lobe (), but the enamel is not worn off that
of the hind lobe (). The transverse concavity of the fore part of the front lobe is well
marked at the present early stage of attrition: the convexity of the back part increases
towards the base of the mid prominence. The ends of the front basal ridge (f) rise a
little way upon the outer and inner borders of the front lobe. The transverse concavity
of the fore part of the hind lobe is narrowed, as it descends, by the reciprocal and pro-
gressive inbending of the outer and inner borders of the lobe upon the front surface, as
this approaches the base of the lobe. The height of the hind lobe from the middle of
the valley is 1 inch 3 lines; the antero-posterior extent of the middle of the base of the
lobe is 10 lines. The posterior basal ridge (g) resembles that of m 1, bearing the same
proportion to the front ridge.
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In the older specimen (ib. fig. 11) the two lobes of m 2 are half worn down; the
abraded surface of each is gently bent with the concavity forward; the transverse extent
of such surface is 1 inch 7 lines; the fore-and-aft extent of the tooth is 2 inches 4 lines.
The abraded surfaces slope from before downward and backward.

In the last molar of the same lower jaw the summit of the hind lobe, on which a
narrow tract of dentine is exposed, measures 1 inch 4 lines in transverse extent, that
of the more worn front lobe being 1 inch 6 lines. The transverse extent of the base
of each lobe is the same, viz. 1 inch. 7 lines. The summit of the hind transverse ridge
(¢) is continuous with a short low rising upon the back part of the hind lobe. The
antero-posterior extent of the tooth is 2 inches 5 lines.

There is less difference between m 2 and m 3 of the lower jaw than in the upper one.
Owing to the direction of the plane of attrition, the front surface of each worn lobe is
higher than the back surface; the front lobe, when unworn, rises a little higher than the
back one. The fore part of each tooth rises more abruptly, and in a greater degree
above the back part of the tooth in advance; thus the line of attrition of the entire
molar series is zigzag. The general curve of the grinding-surface of the four molars is
slightly concave from before backward, as, above, it is convex. The contour of the outer
sides of the lower series of molars is slightly convex; that of their inner sides is almost
straight.

In the mandible belonging to the skull (Plate XXXV. fig. 1) the outer part of m 2
is worn to its base, and a larger proportion of m 3 alone remains in the left ramus*.
The fore-and-aft extent of m 3 is 2 inches  lines: the same extent of the abraded
surface of the front lobe is 9 lines, its transverse extent being 1inch 7 lines. The enamel
at this part of the tooth is fully a line in thickness.

In a fragment of the left mandibular ramus of an old Diprotodon are the last two
grinders (Plate XL. figs. 17, 18), similarly worn down but better preserved. In m 2
(fig. 17) a portion of the enamel at the inner end of the valley (¢), and the enamel of the
hind part of the base of the hind lobe with the contiguous basal ridge alone remain ; the
rest of the surface is polished dentine and osteo-dentine with the external cement.
In m 3 (fig. 18) the enamel is worn away from the fore and outer part of the front lobe;
the front basal ridge is rounded off; the outer boundary of the valley connecting there
the front and hind lobes is smoothed down, and the middle of the hind transverse
ridge is touched. Both lobes are worn down nearly to the bottom of the valley.
At the middle of each of the smooth concave plates of dentine, a central tract of osteo-
dentine (0) is defined. The antero-posterior extent of m 2 is 2 inches 4 lines; that
of m 3 is 2 inches 5 lines; the greatest transverse diameter in each is 1 inch 7 lines.
This Diprotodon had probably died of old age. The outer alveolar border has grown
upward with therise of the fangs and base of the teeth to bring them into grinding con-
tact with those of the upper jaw..

In the crown of the last molar not wholly emerged from the formative alveolus of the

* The form and position of these teeth are given, in outline, from better preserved and less worn specimens.
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young Diprotodon (Plate XL. figs. 12, 16), the unworn summit of the hind lobe is irre-
gularly and minutely wrinkled, not divided into small mammilloid tubercles as in the
Dinothere. In the largest existing species of Kangaroo (Macropus major and M. lani-
ger, e. g.) the lower molars have no posterior basal ridge. It is interesting to find that
this is present in a still larger extinct species (Macropus atlas, Ow., fig. 14, ¢), but it is
narrower than the anterior basal ridge. In the lower molars of Diprotodon the posterior
basal ridge is not only constant, but is broader than the anterior one.

The sum of the characters of the teeth of Diprotodon, and the observed varieties and
modifications due to sex, age, and other conditions, have been given in detail and fully
illustrated. The most common evidences of extinct Mammals are detached teeth; and
it seemed desirable to afford sufficient and satisfactory means of determining those of
the genus Diprotodon, as thereby the knowledge of its geographical distribution in
the Australian Continent at the period of its existence may be the more speedily
acquired.

A retrospect of the dentition exhibited in the series of specimens above described and
illustrated brings to view a combination of characters now shown apart in the marsupial
herbivorous genera Macropus and Phascolomys; but the Macropode characters prevail
in number and importance. The small upper incisors (¢ 2 and ¢ 3) with definable crown
and fang and concomitant limitation of growth, the same genetic character of the molars
with the bilophodont type of their crown, testify to the closer affinity of Diprotodon to
Macropus. The large, scalpriform, ever-growing first pair of incisors of the upper jaw,
with the shape, structure, and corresponding genetic character of the lower pair of incisors,
are resemblances to the Wombat’s dentition; and the same aﬁ’imty is exemplified in the
number of the molar teeth.

In the Macropode group, although not more than five grinders are ever in place in
one alveolar series of either jaw, seven may be developed. Of these teeth two have no
homologues calcified in either Phascolomys or Diprotodon ; these are the small anterior
teeth symbolized in my ¢ Anatomy of Vertebrates’ (vol. iii. p. 380, fig. 296) as d 2 and
p 3 (Cut, fig. 4). It may be objected that, for certainty on this point, one ought to
have specimens of jaws of Diprotodon of an earlier age than that represented in Plates
XLI. & XLII. My experience in marsupial dentition begets confidence, however,
that, had a true “replacing tooth” been developed in Diprofodon as in Macropus, its
crown-germ would have been detected beneath the tooth marked d 3, in the subject of
the above-cited Plates. 1 also believe that, had a d 2 ever been calcified and in use, as
in the Kangaroos and Potoroons, some trace of its alveolus would have remained, in
this young jaw, instead of the continuous, even subtrenchant margin which the diastema
of the subject of Plate XLI. presents between d 3 and 4.

Since the Wombats in their molar dentition offer precisely the same differences as to
number and succession of grinders which Diprotodon, presents, we may have the less
reserve in accepting the evidences of the further resemblance which the molar series adds
to the incisive one. The extension of the genetic character of the scalpriform incisors
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to the molars is the marked distinction of Phascolomys in the Marsupial series; for, with
continuous growth, go length of tooth without loss of breadth, depth of implantation
with, commonly, curvature of socket, and continuation of enamel to the widely open
base of the tooth. I have no evidence that the first and smallest of the series of five
grinders in Phascolomys is a premolar or replacing tooth, and view it, therefore, as one
of the first developed calcified series. It is analogous, in function, in retention, and
long-continued use, to a premolar of the placental type-dentition. The succeeding four
grinders in both Phascolomys and Diprotodon are equally members of the first set of
teeth; and the last three are homologous with those that are not displaced by vertical
successors in diphyodont Placentalia. The symbols, therefore, d 3, d 4, m 1, m 2, m 3,
express, in my opinion, the homologies of the functional molar teeth of Diprotodon with
those, e. g., so marked in Hyraz, Hippopotamus, and Sus*. For convenience of com-
prehension of the teeth symbolized in Plates XXXV.-XLII. I subjoin woodcuts of
an instructive phase of dentition in the Hog (fig. 8) and Kangaroo (fig. 4).

Figs. 3 & 4.

at ¥
i W

5. Spinal Column.—Of the atlas there is a portion of the left moiety (Plate XLIIL.
fig. 2) showing the deep articular cavity for the occipital condyle of the same side,
between which and the diapophysis is the outlet of a canal () about 3 lines in diameter,
which traverses the neural arch from within outward behind the upper part of the cavity
for the condyle. The surface (2') for the articular process of the axis is slightly concave ;
between its upper part and the ridge leading from the hind margin of the neural arch to
that of the diapophysis there is a deep and wide groove for the passage of the vertebral
artery into the neural canal. The above-described fragment yields evidence that, as in
Macropus, Phascolomys, Phascolarctos, and some other Marsupials, the ring of the atlas
(if indeed it were completed below by bone in Diprotodon) presented only the perforation

* In my ¢ Anatomy of Vertebrates,’ vol. ii. p. 465, fig. 312; vol. iii. p. 346, fig. 276; p: 357, fig. 287 p. 877,
fig. 294,
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(for the anterior spinal nerve or a division of it) on each side of the base of the neural
arch, the vertebrarterial canal being, as above described, an open groove. In the atlas of
proboscidian and of other large placental Mammals, which the present fossil resembles
in size, the diapophyses are widely bored by the vertebral artery, which usually perforates
also the fore part of the neurapophysis*.

I recognize, therefore, in the portion of the atlas vertebra, here referred to Dipro-
todon, marsupial characteristics; compared with that of the Kangaroo, its diapophyses
are relatively shorter, thicker, terminally more obtuse, not so much expanded or depressed
at that part, upon the whole more resembling those in the Wombat and Koalaf.

The axis or vertebra dentata (Plates XLIIL fig. 1, & XLIV. figs. 1, 2, 3) is entire save
the ends of the diapophyses, which have been broken away. The length of the body, with
the odontoid process, is 6 inches 3 lines, the height of the vertebra is 8 inches 4 lines,
the breadth across the anterior articular surfaces is b inches 9 lines. The size of this
vertebra thus equals that in the largest Rhinoceros or Hippopotamus, and in length that
of a full-sized Elephant. The hind surface of the centrum (Plate XLIV. fig. 3, ¢) is
flat, rather rough, transversely elliptic, with a tendency to an angular or octagonal outline.
The under surface (ib. fig. 2) expands as it advances to develope the bases of the par-
apophyses (ib. pp); contracting in advance of these it again expands into the anterior
articular processes (ib. and fig. 1, z, 2). A low hypapophysis (ib. fig. 2, ky) of a subtri-
angular form projects from the middle of the under surface towards the fore part. The
anterior articular surfaces (Plates XLIII. & XLIV. fig.1,2) converge to the base of the
coalesced body of the atlas, called *odontoid” process. This element (Plate XLIII.
fig. 1, ¢a, and Plate XLIV. fig. 2, ca), 2 inches in length, 1 inch 6 lines in breadth, and of
similar depth, is convex transversely and longitudinally below; it has a pair of slightly
concave roughened surfaces, meeting above, along the anterior sloping half (Plate X LIII.
fig. 1, m), behind which the upper surface rises into a low broad tuberosity (ib. £), bound-
ing anteriorly a smoothish elliptical surface (ib. r) occupying the upper part of the
rest of the odontoid. A broad deep irregular depression (ib. 0) divides this surface of
the odontoid from the anterior articular surfaces of the axis. These surfaces (ib. and
Plate XLIV. fig. 1, 2, 2), of a full oval shape, 3 inches in diameter, are moderately convex.
The neurapophyses (Plate XLIIL. #), after developing the diapophysis (ib. &), contract to
a fore-and-aft extent of 1 inch 9 lines, then expand backward to develope the postzyga-
pophyses ('), in advance of and between which the neurapophyses converge and coalesce
to form the base of the neural spine (ib.ns). This expands both forward and backward,

# Qsteological Catalogue of the Museum of the Royal College of Surgeons, 4to, 1853, p. 475, no. 2678, < Atlas
of Elephant’ (by misprint the vertebral artery is called “ medullary ”) ; p. 509, no. 2945, ¢ Atlas of Rhinoceros
bicornis,’ ¢ the vertebral artery perforates the diapophysis and then also the neural arch;” p. 566, no. 3404,
Hippopotamus amphibius, * the transverse processes are perforated by the vertebral arteries.”

+ I am led to believe, after fresh study of Diprotodont fossils, that the one ascribed to a calcaneum in my
< Catalogue of Fossil Mammalia in the Museum of the Royal College of Surgeons’ may be a fragment somewhat
rolled and worn of the atlas vertebra.
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as it ascends, to an obliquely truncate summit nearly 5 inches in fore-and-aft extent;
narrow and ridge-like at the mid part, expanding and obtuse at the fore and hind angles,
the latter being the thickest; from each side of this angle a low ridge (Plate XTLIII.
fig. 1, g) descends obliquely forward, subsiding upon the lateral surface of the spine.
The neural canal is 2 inches 3 lines in width, and rather less in height, especially behind,
where the vertical diameter is 1 inch 6 lines. A wide groove leads outward and down-
ward from the canal between the postzygapophyses and the back part of the centrum.
The upper (neural) surface of the centrum is impressed at its middle with a deep pit, to
which a groove leads on each side; the smooth surface has been broken away before
and behind the pit, indicative of its having been crossed lengthwise by a bony bar, which
would have converted the lateral groove into a pair of foramina.

Of the quadrupeds resembling in size the Diprotodon, the Proboscidians have the axis
most like that of the Australian giant, but the following differences present themselves.
In Elephas the odontoid is absolutely, as well as relatively shorter; the anterior arti-
cular surfaces are less uniformly convex and less convex in any direction; the neural
spine is relatively lower, much thicker transversely, with a subquadrate termination or
upper surface, canaliculate along the mid line, and deepening to produce a posterior
bifurcation. The centrum has no hypapophysis. In Macropus, on the other hand, we
find the hypapophysis is repeated both as to size and position; the odontoid process also
offers a like development, with resemblance in such details as the disposition and propor-
tions of the pair of upper terminal surfaces for ligamentous attachment, and the poste-
rior smooth surface for the transverse ligament. The neural spine is, however, more
produced anteriorly and less so behind. ,

In my ¢ Osteology of Marsupialia,” I noted, as a result of observations on the skeleton
of Macropus major, that «“in the Kangaroo both the dentata and atlas have the trans-
verse processes grooved merely by the vertebral artery”® I have since observed in
Macropus laniger the circumscription of the groove by the development of a slender
parapophysis, as in Diprotodon. A similar vertebrarterial canal occurs in Phascolomys
and Phascolarctos. The neural spine of the axis in the Wombat resembles in shape
that in the Diprotodon, but is rather more produced behind. ‘The hypapophysis is, how-
ever, a mere medial low ridge; that in the Kangaroo is significantly more like the pro-
cess in Diprotodon. In both Macropus, Phascolomys, and Phascolarctos a pair of con-
spicuous foramina near the hind part of the upper (neural) surface of the centrum lead
to canals converging as they sink in the osseous substance to a common (venous) passage ;
these are not present in Proboscidians; a few minute irregular venous foramina may be
seen on the corresponding surface of the axis vertebra.

The third (Plate XLIV. fig. 4) and two consecutive (Cut. fig. 5, ¢3, ¢ 4) cervical ver-
tebree resemble by their shortness those of the Wombat rather than of the Kangaroo;
they are by no means, however, so compressed from before backward as in the Probo-
scidians.

* Trans. Zool. Soc. vol. ii. p. 394 ; see also Art. Maorsupialia, Cycl. of Anat. p. 276,



642 PROFESSOR OWEN ON THE FOSSIL MAMMALS OF AUSTRALIA..

In Diprotodon the length of the third cervical centrum is 1 inch 10 lines, the breadth
of its hind articular surface is 4 inches 3 lines, the height of the vertebra is 8 inches.
The centrum is without hypapophysis, the vertical extent of the hind surface (Plate
XLIV. fig. 4, ¢) is 2 inches 9 lines; the two extremes of the transverse ellipse are almost
angular. The base of the parapophysis (ib. and cut, fig. 6, p) extends from near this
angle forward for 1} inch along the side of the centrum. The upper surface of the
centrum shows a large medial venous orifice. Both margins of the rising neurapophyses
are deeply notched for the * conjugational foramina,” and send off a small diapophysis
(ib. d) to circumscribe above the vertebrarterial canal. The neural spine (ib. ns), 4 inches
in height from the roof of the neural canal (ib. #), is compressed from before back-
ward, simple, obtusely rounded at the end, strengthened by a low medial ridge, both
before and behind, along its basal half. There is no such development of neural spine
in the third cervical of Proboscidians; in the larger herbivorous Marsupials it is as con-
spicuous as in Diprotodon, but with altered shape; that in the Wombat most resembling
the one in Diprotodon, but being relatively lower. |

The fourth cervical (Cut, fig. 5, ¢ 4) much resembles the third; but, as in the
Kangaroo, has a shorter spine, resembling, however, in shape that of the third, being
compressed from before backward instead of from side to side as in Macropus. The slight
increase of size is in breadth, chiefly of the centrum, not in length or height. The neural
canal is wider and a little higher; more space is made for the myelon as it traverses the
more flexible part of theneck. The large venous foramina and vertical canal are repeated
on the upper part of the centrum; the corresponding pair of foramina now also blend
into a common fossa, as in the Wombat. ‘

In the fifth cervical (Cut, fig. 5, ¢5) the neural spine gains in antero-posterior and
loses in transverse thickness; the vertical ridges are Fig. 5.
stronger, especially the one behind; it appears to
have been shorter than in the fourth vertebra*.
The centrum and neural canal have increased, chiefly
transversely; there is very little increase of length.
The parapophysis has gained in vertical extent.

In the series of mutilated vertebra belonging to
Mr. Boyp’s specimen of Diprotodon are two dorsals ¢
(Plate XLIV. figs. 5-8). They show the impres-

. , . . . 4,
sions for the free articulation of the ribs both before .14 to #fth cervical ferteagm ocni-sixth

and behind (ib. figs. 6 &7, pl, pl'), and are remarkable nat. size; Diprotodon.

for the retention of the short proportion of the cervicals, and for the terminal bifur-
cation of the antero-posteriorly compressed spine (ib. figs. 5 & 8,ns). 'They are not con-
secutive vertebre, but were not far from one another in the anterior part of the dorsal

series.

* It is so in the sketeh sent me by Sir Tmomas Mrrcueis from Sydney (Cut, fig. 5); but, amongst the
damages to the specimens in their passage to London, the summit of this spine has been knocked off.
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As in this region the vertebre in many Mammals decrease in breadth before regaining
the size which then goes on augmenting to the lumbar region, I first take for description
that (Plate XLIV. figs. 56 & 6) which with a broader centrum has a shorter as well as
broader spine. The fore-and-aft extent of the centrum is 2 inches at its lower part; it
slightly decreases towards its upper surface. The breadth of the centrum is 4 inches 10
lines, above which this dimension is increased by the share contributed by the neurapo-
physes (ib. fig. 6, n,n) to the body of the vertebra (¢); the sutural lines indicative of this
share are plainly traceable on the terminal articular surface (ib. fig. 5, ¢), from which the
epiphysial plate has become detached. As the ends of both diapophyses and neural spines
are broken off, the following dimensions of the vertebra are not the full ones, viz. of
breadth 8 inches 6 lines, of height 9 inches 6 lines. The width of the neural canal is
nearly 4 inches, its height is fully 8 inches. Both articular surfaces of the centrum are
nearly flat, the anterior one in a very slight degree convex ; but both surfaces are epi-
physial, with coarse furrows and lines affecting a radiate disposition, the extent of which
rugosity indicates the complementary plate to have overlapped both elements of the ver-
tebral body, viz. the neurapophysial (fig. 5, #, %) and the central one (ib. ¢)*

A prominence on the upper third of the side of the body indicates the lower boundary
of the neurapophysis, and this part of the body holds the main part of the impressions
(pl, pl') for the head of the rib, of which impressions the hinder is the larger. The
contour of the articular surfaces of the body is semicircular. The neurapophyses, after
contributing their share to the vertebral body, extend upward, outward, and a little
forward, contracting into subcylindrical pedicles which suddenly expand to send off
the diapophyses (ib. figs. & & 6, d), prezygapophyses (2), and postzygapophyses (2').
Before developing the latter processes the neurapophyses begin to bend inward, still
ascending ; then they contract, especially from before backward, converge, and coalesce
to form the base of the antero-posteriorly compressed and laterally expanded spine (ns).
The base of this spine is strengthened both before and behind by a low broad median
ridge; its terminal divisions diverge as they rise. The undivided base forms a low
obtuse eminence between them (fig. 8, ns).

The prezygapophysis (fig. 6, z) projects forward as a semicircular shelf, the flat arti-
cular surface looking upward, with a very slight inclination downward and outward ; the
postzygapophyses (2'), of somewhat smaller size, are supported each by a buttress of bone
descending from the hinder and outer angle of the spine, and expanding with a promi-
nent convexity to the articular surface. The upper surface of the centrum, between the
neurapophysial bases, shows the large venous fossa.

In the other dorsal vertebra (Plate XLIV. figs. 7, 8) the diapophysis is entire on the

left side (fig. 8, d), and expands into a protuberance with an articular surface (fig. 7, d)
1 inch 9 lines by 1 inch 3 lines, for the tubercle of the rib on its lower half. The
neurapophysial parts of the centrum are traceable, and make a more definite rising at

* This is the usual character of epiphyses completing compound bones, as, ¢. g., at the proximal end of the

three confluent metatarsals in the bird, at both ends of the two confluent metacarpals in the ruminant, &e.
MDCCCLXX. 4 E
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the upper part on each side the small intervening proportion of the centrum proper
(ib. fig. 8, ¢). Posteriorly they also slightly project (fig. 7, n) beyond the flat surface of
the centrum (ib. ¢); and a smooth tract of the neural canal (fig. 8, #/, #') is continued
backward upon each of these prominences. The fore surface of the centrum is in a
very slight degree convex ; both surfaces are epiphysial or rough, with the usual tendency
to a radiate disposition of the fine furrows. The postzygapophyses (2') are somewhat
more prominent than in the former dorsal (figs. 5 & 6), and the neural spine slopes a
little backward. This process is narrower transversely than in fig. 5, and is longer prior
to its bifurcation (fig. 8, ns). Its strengthening ridges, especially the anterior one, are
more developed ; the bifurcation of the summit is repeated in this as in the foregoing
vertebra, with slight divergence of the terminal prongs, both of which have lost their
summits.

In the whole ratige of the Mammalian series T know of no dorsal vertebree with cha-
racters like the subjects of figures 5-8. Where vertebra® are notable for their shortness
and lamelliform type they are confined to the region of the neck, as, e. g., in Proboscidia
and Cetacéa ; but the dorsal series, in these, promptly resumes the ordinary proportions
of length of centrum. Similarly, where the transversely bifurcate character of the
neural spine is met with (e. g. Elephant, Man), it is restricted to one or two of the cer-
vical series; in Diprotodon only is it known to exist in a dorsal vertebra. What modifi-
cation may ensue or at what distance from the neck in other or posterior dorsal vertebrae
my present materials do not enable me to state. I infer that the more usual proportions
are acquired in the posterior dorsals from the slight increase presented in the following
specimen, and from those which certain of the lumbar vertebra present.

The specimen referred to, which forms part of the collection in the Museum of the Royal
College of Surgeons, consists of the centrum only.

Tt measures 2 inches 3 lines in antero-posterior diameter, 3 inches in vertical diameter,
and 4 inches 9 lines in transverse diameter. Both articular extremities are flat; the epi-
physial plates are anchylosed ; but where they are broken away the radiating rough lines,
characteristic of the epiphysial surface, indicate that the union was tardy and had been
recently effected before the animal perished. This vertebra differs by its compressed
form and the flattening of the articular ends from the dorsal vertebree of the ordinary
placental Pachyderms, but resembles in these characters the dorsal vertebrze of the Pro-
boscidians ; in these, however, the breadth of the vertebral body is not so great as in the
fossil. From the cetacean vertebra the present fossil is distinguished by the large
concave articular surface at the upper and anterior part of the side of the body for the
reception of part of the head of a rib; this costal surface, which is not quite entire,
appears to have been about 14 inch in diameter. The neurapophyses are anchylosed to
the centrum, but the internal margins of their expanded bases are definable, and have
been separated by a tract rather less than 1 inch in breadth, of the upper surface of the
centrum ; at the middle of this surface there is a deep transversely oblong depression.
A similar depression is present in some dorsal vertebra of the Megatherium and in the
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anchylosed lumbar vertebra of the Mylodon; but the bodies of the dorsal vertebrze in
the great extinct Brufa are longer and narrower in proportion to their breadth than in
the present fossil. In the Kangaroo the upper surface of the body of the dorsal and
lumbar vertebree is perforated by two vascular canals, which pass down vertically and
open below by a single or double outlet. Inthe Wombat the middle of the upper surface
of the bodies of the dorsal and lumbar vertebrae exhibits a single large and deep depres-
sion, which in the dorsal vertebre has no inferior outlet, and in this character they closely
resemble the present fossil. The dorsal vertebree of the Wombat are, however, longer in
proportion to their breadth.

Thus the present mutilated vertebra alone would support the conclusion that there
had formerly existed in Australia a mammiferous quadruped, superior to the Rhinoceros
in bulk, and distinct from any known species of corresponding. size. It is interesting
and instructive to find one well-marked character in it, viz. the median excavation on
the upper part of the body, repeated in the same vertebree of one of the largest of the
existing Marsupialia.

The remaining evidences of vertebrz in the Boydian or purchased series of Diprotodont
Fossils in the British Museum consist of five centrums and two pairs of detached ter-
minal epiphyses of those elements.

The centrums, in the absence of any costal or hsemapophysial depression, in their
increased length and greater expanse of the neural canal, are referable to the lumbar
series. 'Three retain the coalesced bases of the neurapophyses, yet these do not develope
diapophyses in the extent to which they are preserved.

The foremost of these lumbar centrums shows a length of 2 inches 4 lines at its lower
part, increasing to 2 inches 8 lines at its upper part; the others, with slight general gain
of size, show the same proportions. Thus the one which seems the last of the series has
a length of 3 inches 3 lines at the lower part, and of 3 inches 8 lines at the upper part
of the centrum. Thus we may infer that the part of the spine from which these vertebree
have come was habitually bent in Diprotodon with the concavity downward. The degree
of increased length in the last over the longest of the other three centrums indicates two
or three missing vertebre intervening between those to hand. The Kangaroo has six
lumbar vertebre, the Koala eight, the Wombats only four (Phascolomys vombatus) or
five (Phascolomys latifrons). Six lumbars is the rule in Marsupialia, and I incline to
view Diprotodon a§ amenable thereto, rather than as repeating the exceptional formula
of Phascolomys*.

In the foremost of the five fossil lumbar centrums a small protuberance from the upper
and fore part of one side indicates the rudiment of a diapophysis; it is not present on

* AsI wasled to note in my ¢ Osteology of Marsupialia,” loc. cit., p. 396, the number of free trunk-vertebra
is significantly constant in that order, whatever be the difference of costal formula ; thus, Phascolarcios has 11
costal, 8 lumbar, =19 ; Petaurus, 12 costal, 7 lumbar, =19 ; Macropus, Phalangista, Perameles, Myrmecobius,
Phascogale, Didelphys, Dasywrus, Sarcophilus, T hylacinus, have severally 18 costal, 7 lumbar, =19 ; Phasco-
lomyys vombatus has 15 costal, 4 lumbar =19.

4 €2
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the other side; it may be a vertebra, as is sometimes seen in the Kangaroo and other
mammals, transitional between the dorsal and lumbar series, having the characters of a
rib-bearer on one side and not on the other. A trace of roughness on the side of the
fossil centrum corresponding to the protuberance on the other side, may indicate there
a ligamentous attachment of a rudiment of the last free rib. The present vertebra,
whether interpreted as the last dorsal or first lumbar, shows the small extent to which
those vertebrz gained in length as they receded in position. The antero-posterior dia-
meter at the under part of the centrum is 2 inches 9 lines, at the upper part 2 inches
10 lines; the breadth of the anterior surface is 4 inches 10 lines, the vertical diameter
of the same surface is 3 inches 9 lines. The epiphysial plate adheres to this surface; it
is concentrically marked, thinning off to the centre, where it leaves a vacuity transversely
oblong, 1 inch 4 lines by 1 inch in its diameters. From the opposite surface the epi-
physis has been detached, showing the radiate disposition of the ruge of the diaphysial
surface, and the proportions contributed by the bases of the neurapophyses to the ver-
tebral body.

In the next vertebral body, of similar dimensions, the anterior ep1phys1s is adherent,
but with the line of suture conspicuous; it is from 3 to 4 lines thick at the periphery,
and thins off toward the centre, where it leaves a vacuity<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>