
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































355

hack part of this end of the bone, divided by a deep round groove for
the flexor tendon of the toes : the ridges are supported by a thick longi-
tudinal eminence, which is continued down the middle of the back
part of the bone, gradually subsiding as it descends. On each side of
the upper part of this median longitudinal eminence there is a foramen,
as im most other birds, from which a shallow and narrow longitudinal
canal is continued for some distance down the bone : there are no other
canals, nor any longitudinal angular ridges at the back part of the meta-
tarsus ; nor is there the slightest trace of a surface for the attachment of
a hind-toe. On the anterior part of the bone, near the proximal end,
there is the usual depression, in which the canals continued from the
two posterior foramina terminate by a single foramen: below the de-
pression there is a rough surface for the insertion of the tendon of the
tibialis anticus, from which point a median wide and shallow channel
extends a certain way down, and divides into two shallower depressions,
which diverge to the interspaces of the distal articular condyles : the
margins of all these depressions are rounded off, and the general surface
of the anterior, as of the posterior part of the metatarsus, is smooth and
rounded : this, with the great breadth of the bone as compared with the
metatarsi of other Struthionide and tnidactyle Gralle, constitutes the
principal generic character of the tarso-metatarsal bone in the Dinornis,
The interspaces of the three articular terminations are wider, the two
lateral ones diverging more, and being of larger size than usual; they
have also the median trochlear groove, but not so deep as in the middle
articular process.

The length of the tarso-metatarsal bone in the gigantic Dinornis is a
trifle more than half that of the tibia. In the tridactyle Emen the tarso-
metatarsal hone is as long as the tibia; in the Ostrich and the Bustard
it is a little shorter than the tibia, The still shorter proportion which 1t
bears to the tibia in the Apteryx of New Zealand forms a striking re-
semblance between this bird and the Dinornis. But the Apteryx is
distinguished from the larger Struthionide not more by its elongated
slender bill than by the presence of a fourth small toe on the inner and
back part of the foot, articulated to a slightly raised rough surface of the
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tarso-metatarsal, about a fourth of the length of that hone from its trifid
distal end : the Dodo was also tetradactyle, like the Apteryx. Thus the
tarso-metatarsal bone of the Dinornis distinguishes that bird generically by
its structure from the two last-named Struthionide, as it does by its shorter
and stouter proportions from the Cassowary, the Emen and the Rhea:
the three well-developed anterior toes more obviously distinguish the
Dinornis from the didactyle Ostrich

1568. The metatarsal bone of a young Dinoernis gicanteus. The condition of

1568 ".

this bone, or rather group of hones, demonstrates, what could not indeed
be reasonably doubted, that a more tardy ossification coexists in the
Dinornis, as in other Struthionide, with the absence of the powers of
flight. The marks of immaturity in the present specimen are the gradual
deepening and widening of the anterior median channel of the shaft as it
approaches the proximal end of the bone, until it divides into the fissures
separating the proximal ends of the three constituent metatarsals, which
extremities in the specimen are broken off immediately above the point
where they begin to coalesce,

The partially anchylosed metatarsus of a half-grown Ostrich: in this,
which is rather more than two-thirds the length of the same bone in the
mature bird, the tarsal bone, which seems to represent a proximal epi-
physis, is detached, and the posterior channel of the metatarsus deepens
and widens as it approaches the proximal extremity, and is finally lost in
the two deep and narrow clefts which divide the proximal ends of the
three constituent metatarsals from each other.

Presented b y Prof. Owen.

1569. The right femur of the Dinornis ingens, Owen. It measures thirteen

inches in length and six inches in circumference at the middle of the
shaft.

The femur in this, as in other species of the genus Dinornis, is remark-
able for its great strength and the expansion of its extremities. The tro-
chanter is unusually broad, thick and elevated ; the distal extremity is still
more remarkable for its great size, and especially for the breadth of its
rotular concavity. The shaft is rounded, not compressed and subtrihedral



357
as in the Ostrich: in no bird are the muscular ridges and tuberosities so
strongly developed on the posterior part of the shaft: the orifice of the
medullary artery is at the middle of this surface. The popliteal space is
deeply excavated. There is a rough deep oval depression at the upper

and back part of the outer condyle.

1570. A cast of the left tibia of the Dinornis ingens. It measures two feet
five inches in length, and five inches and a quarter in circumference at
the middle. It presents a closer correspondence in its proportions and
configuration with the tibia of the Dinornis giganteus, No. 1566, than
with that of the smaller species Dinornis didiformis and Dinornis otidi-
formis. It presents all the characters of the bone of a mature or old
bird : the external ridge at the proximal extremity is relatively less pro-
duced, but it is thicker and stronger than in No. 1566 : the difference of
size appears too great to depend on a sexual variety in this respect. The
femur No. 1569 bears the same proportions to the present tibia which
the shaft of the femur No. 1564 does to the tibia No. 1566.

The original of this cast is in the Geological Museum at Oxford.
Presented by the Rev. Dr. Buckland, F.R.S.

- 1571. The left femur of the Dinornis struthoides, Owen. This bone measures
eleven inches in length and five inches and a half in circumference at
the middle of the shaft. Like the femur No. 1569, the parietes at
the back part of the proximal end of the bone are entire and imperforate
as in the Apteryx, and the weight of the bone accords with this evidence
of the absence of the air-cells which penetrate the medullary cavity in

the Ostrich, Cassowary, Rhea and Emeu.

1572. The shaft of the right femur of apparently the same individual Dinornes

struthotdes.

1573. The shaft of the left femur of a younger individual of the Dinornis stru-
theides. This femur corresponds with the fernur No. 1571 in its general
form, its ridges and tuberosities ; but these are less strongly developed,
and the manner and extent of abrasion of both proximal and distal arti-
cular surfuces well accord with the supposition of their having been in
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that cartilaginous or less completely ossified state which characterizes
the femur of a bird not quite fully arrived at maturity. The state of de-
velopment of the muscular ridges and tuberosities forhids the reference
of this femur to a very young bird, but supports the conclusion that the
bone had belonged to an individual as far advanced in growth as is indi-

cated by the difference in size between it and the femur No. 1571.

The left tarso-metatarsal bone of the Dinornis struthoides. It measures
one foot in length, four inches and a quarter in circumference at the
middle of the shaft, and four inches across the distal end. Besides the
difference of proportions between the present bone and No. 1567 which
is indicated by these adimeasurements, the anterior longitudinal concavity,
commencing below the rough depression, is deeper ; the channel leading
to the cleft between the condyles for the outer and middle toes is also
relatively narrower and deeper ; the posterior commencement of the
middle condyle projects further and more abruptly in the present bone
than in No. 1567 ; the posterior part of the distal half of the bone is
more convex. These differences, taken in connection with the greater
breadth and thickness of the bone, in proportion to its length, confirm
the conclusions of specific distinetion deducible from those proportions.

1575. The left femur of the Dinornis dromioides, Owen. 'This bone is of equal

length with No. 1573, but is not so thick. The shape of the shaft of the
bone is also different : the relative antero-posterior diameter of No. 1573
is much greater than that of the present bone, especially at the proximal
end and trochanterial enlargement of the shaft, and just above the inner
condyle : the anterior surface of the proximal part of the shaft presents
a shallow equable concavity in No. 1575 which is not present in No. 1573.
In No. 15675 a pretty sharp ridge leads from the middle of the posterior
surface of the shaft obliquely to the upper and posterior angle of the inner
condyle, and the posterior surface of the expanded shaft above the con-
dyles is regularly excavated by a moderate concavity which is continued
uninterruptedly into the inter-condyloid depression. In No. 1573 an
oblong rough tuberosity, with its long axis parallel with that of the bone,
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exists in the place where we find the oblique ridge in the other bone, the
tuberosity being separated from the upper and posterior angle of the
inner condyle by a smooth channel or depression, which leads to an oval
depression much deeper and more circumscribed than is the corresponding
concavity in the present femur. The complete development of the
muscular ridges and tuberosities, and the better preserved state of the
articular extremities, show this femur to be a more mature hone than
No. 1573 ; the differences in proportion and configuration prove it to

belong to a distinet species from Dinornis struthoides.

5. The shaft of the left femur of a younger individual of the Dinornis

dromioides,

1577. The right femur of the Dinornis didiformis, Owen.

1578. The left femur of the Dinornis didifornais. This bone is eight inches in

lcngth, four inches and a quarter in circumference at the middle of the
shaft, and three inches and a half in breadth across the distal end : the
right femur, No. 1577, presents the same dimensions, but is two lines
narrower at the distal end.

With respect to these small femora, if they had belonged to young
birds of the larger species, their nonage would unquestionably have been
indicated by the characters of the bones. The femur of a young Ostrich,
bearing the same proportion to that of the adult which No. 1577 bears
to No. 1569, has the whole upper surface of the proximal end and all
the distal articulation covered with thick cartilage, and the line of the
terminal epiphysis is conspicuous, althongh the uniting ossification has
commenced ; the trochanterian ridge is rounded off ; the surface of the
shaft of the bone is smooth ; the muscular ridges quite undeveloped.
In the small femora of the Dinornis, Nos. 1577 and 1578, no trace of the
separation of the terminal epiphyses remains ; the sculpturing of the arti-
cular surfaces is sharp and bold ; every ridge and tuberosity indicative of
muscular action is as strongly developed as in the largest femora.

In comparison with the femur of the Dinornis dromioides, No. 1575,
the present bone, No. 1578, which is one inch and five lines shorter, has
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very nearly an equal circumference of the middle of the shaft, and a quite
equal breadth of the distal end, the antero-posterior diameter of the
condyles being also the same in both. If the comparison of these two
femora be pursued into further details, it is seen that the anterior margin
of the great trochanter is more produced but narrower in No. 1575 than
in No. 1578, that the anterior surface of the shaftis more convex, and that
the anterior curve of the outer condyle is shorter in the longer femur, No.
1575 : the antero-posterior diameter of the great trochanter and of the
shaft, especially of that part leading to the outer condyle, is less in the
longer femur. With regard to the configuration of the popliteal space,
the same differences exist between the femur of the Dinornis dromioides
and that of the Din. didiformis, as have been already pointed out between
the femur of the Dinornis dromioides and that of the Din. struthoides,
viz. a circumseribed tuberosity in place of a continuous ridge in the pre-
sent femur, and a deeper and smaller instead of a shallower and larger
coneavity.

1579. The half of a longitudinally bisected femur of the Dinornis didiformis.
A small portion of the parietes at the posterior part of the proximal end
of the shaft has been broken away, which exposes a few shallow cancelli
but no canal leading to the cavity of the shaft: this is a true medullary
cavity, remarkable for the great thickness of its compact parietes, A
few oblique lamine break the continuity of the smooth, imperforate,
mner surface of the medullary cavity ; they become more numerous to-
wards the two extremities of the bone, which are principally occupied by

a coarse cancellous structure.

1579'. The half of a longitudinally bisected femur of a young Emeu of corre-
sponding size with the preceding specimen. It shows the air-canal con-
tinued from the wide aperture at the back part of the neck of the femur
into the cavity of the shaft; the thin compact walls of that cavity ; the
delicate bony lamellz forming the inner wall of the air cavity and reduced
in a great part of its extent by the numerous perforations to the state of
lace-work. Presented by Professor Owen.

1580, A transverse section of the half of a longitudinally bisected femur of the
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Dinornis didiformis ; showing the great thickness of the compact walls
at the middle of the shaft.

1581. The right tibia of the Dinornis didiformis.

1582, The half of the shaft of the right tibia, longitudinally bisected, of the

Dinornis didiformis,
1583. The left tibia of the Dinornis didiformis.

1584. A portion of the shaft of the left tibia of the Dinornis didiformis.

The length of the tibia No.1581 is fifteen inches and a Lalf, that of the
tibia No. 1583 is sixteen inches and a guarter; the cireunmference at the
middle of the shaft is four inches in the first, and four inches one line in
the second : they both clearly belong to the same species and manifest the
same proportions to the femora Nos. 1577 and 1578, as the tibia No.
1570 does to the femur No. 1569. The tibia of the Dinornis didiformis
is thicker in proportion toits length, has relatively broader proximal and
distal extremities, and a longer ridge for the attachment of the fibula,
than that of the Dinornis giganteus ov Din. ingens.

The anterior ridge at the proximal end of the bone is nearer the middle
in Din. didifermis, the interspace between that and the external ridge
being of the same breadth in the tibiae of the small and large species,
notwithstanding the difference of total breadth. The external proximal
ridge curves more abruptly outwards from the shaft of the bone in the
small than in the large tibiw, whereas the contrary character ought to
have been manifested if the difference of size had depended on difference
of age, such muscular ridges being more strongly produced in old than
in young birds. The shaft of the bone is flatter antero-posteriorly, com-
pared with its breadth, in the small than in the large tibia, and is more
nearly tribedral, owing to the greater flatness of the inner and anterior
surface and the less rounding off of the inner margin.

1585. The left tarso-metatarsal bone of the Dinornis didiformis. This hone
measures six inches ten lines in length, three inches three lines in cir-
cumference at the middle of the shaft, and three inches in hreadih
across the distal end. If these dimensions be compared with those of
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the larger tarso-metatarsal bones Nos, 1567 and 1574, it will be found
that whilst the circumference of the middle of the shaft in No. 1567 is
less than one-third of the entire length of the bone, and that of No.
1574 is rather more than one-third, that of the present small metatarsal 1s
a little more than one-half. Aguin, ﬂle breadth of thr,: distal end of the
present metatarsal is nearly one-half the length of the bone : in No. 1574
it is just one-third ; in No. 1567 it is two-sevenths. The difference 1s well-
marked in the proportions of the breadth or lateral diameter of the shaft
as compared with the thickness or antero-posterior diameter, but is less be-
tween No. 1567 and No. 1574 than between either of these and the pre-
sent bone, This small metatarsal also presents differences of configuration
when compared with the larger metatarsals, besides those indicated by
the admeasurements, which assist in establishing a distinction of species :
the distal end of the bone is more suddenly expanded than in the larger
specimens ; the proximal posterior prominence of the middle division of
the metatarsal more rapidly subsides as it descends; there is no longi-
tudinal channel continued downwards from the hole on the inside of this
prominence, such channel being as well marked in the larger metatarsals
as the outer one: the shallow concavity on the outside of the prominence
is relatively broader in the smaller metatarsal. The inner concavity of
the proximal articular surface is relatively deeper in the present bone.
The median longitudinal concavity, below the rough depression at the
anterior part of the proximal end of the bone, is hardly discernible in
No. 1585, but is well marked in Nos. 1567 and 1574. Finally, the small
metatarsal, which is but half the length of No. 1574, and but one-third
the length of No. 1567, has all the characters of the compound tarso-
metatarsal in a fully mature bird. There is no trace of the original sepa-
ration of the proximal epiphysis ; and, with respect to that of the three
primitive constituents of the shaft of the bone, it is as obscurely indicated
as in other old tridactyle birds, by the two small holes at the back and
upper part of the bone. I have inferred, therefore, from the present small
metatarsal, the former existence of a distinct species of three-toed Stru-
thious bird, differing from the larger species of Dinornis in its relatively
shorter and broader metatarsus, In this character the present species of
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Dinornis closely resembled the extinct Dodo (Didus ineptus, Linn.) of
the Isles of France and Rodriguez: and as it could not have greatly sur-
passed them in size, it has been proposed to designate it Dinoranis didiformis.

Like the larger species of Dinornis, there is not the slightest trace of
the articulation of a fourth or posterior toe in the metatarsal of the
Dinornis didiformis ; the generic distinction from Didus and Apterya
being thus distinetly indicated in all the tarso-metatarsal bones of the
present collection.

If the different proportions and configurations of the present small
tarso-metatarsal bone justify the conclusion that it belonged to a particular
species of Dinornis, by parity of reasoning the same inference must be
drawn in regard to the intermediate-sized tarso-metatarsal No. 1574,
which is far from repeating the proportions of the largest bone, No. 1567,
as the dimensions already given demonstrate. No. 1585 is in fact a more
robust bone,in proportion toitslength ; the anterior longitudinal concavity,
commencing below the rough depression, is deeper; the channel leading
to the cleft between the condyles for the outer and middle toes is also
relatively narrower and deeper; the posterior commencement of the
middle condyle projects further and more abruptly in No. 1585 than in
No. 1567 ; the posterior part of the distal half of the bone is less
convex.

The physiologist contending for a difference of age merely in the birds
to which the bones Nos. 1567 and 1585 belonged, must be prepared to
show that in other large Struthious birds the tarso-metatarsal bones alter
in their proportions as well as their size in the progress of growth, and
that they are thicker and more robust in the young than in the old birds.
The contrary however is the case in the Ostrich and the Common Fowl.
In the great existing Struthious bird more especially, which offers the
most instructive analogy in the present comparison, the tarso-metatarsal
bone is relatively more slender in proportion to its length in the young
bird than in the old, at least at the period of growth when the tarso-
metatarsal bone has attained two-thirds its full size, which is precisely
the proportion which the bone of the Dinornis No. 1574 bears in length
to the bone No. 1567.

342
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But the comparison with the bones of the young Ostrich brings to
light another character, which effectually decides the question of the
relation between the three different-sized bones of the Dinornis under
consideration. In all birds, the tarso-metatarsal bone, as 1s well known,
is an aggregate of several distinct ossicles, the primitive separation of
which continues longest in those birds whose respiratory, circulating and
muscular energies are least developed. Thus in the Penguins the three
metatarsal bones are alinost quite distinet from one another throughout
life ; and in the Ostrich and other Struthionide deprived of the power of
flight, the primitive separation of the metatarsals continues at their ex-
tremities to nearly full growth, as is exemplified in the tarso-metatarsal
bone of the young Ostrich, No. 1568, The tarso-metatarsal bone No.
1568, however, actually is what the present specimen, No. 1585, might
have been mistaken for, viz. a bone of a young individual of a gigantic
species of Dinornis, and the condition of this young bone demonstrates,
what could not indeed be reasonably doubted, that a more tardy ossifica-
tion coexists in the Dinornis, as in other Struthionide, with the absence
of the powers of flight; which, therefore, as it establishes the maturity
of the tarso-metatarsal bone No. 1574, proves, a_fortiori, that the smaller
tarso-metatarsal, No. 1585, with all the characters of mature age, could
not have belonged to a young individual of either of the two larger
species.

1586. A left metatarsal hone of the Dinornis didiformis, from which the pos-
terior parietes have heen removed to expose the internal structure of the
bone. The line of union of the proximal or tarsal epiphysis is indicated
by the dense tissue by which it has been obliterated : the coarse cancellous
texture of the proximal end of the confluent metatarsals soon subsides,
and a common medullary canal is exposed in the shaft of the composite
bone, partially divided by two thin septa into three equal compartments,
indicative of the three primitively distinct metatarsals : the medullary
cavity terminates below by dividing into brief continuations entering the
commencement of the divisions for the support of the three toes.

The dimensions of this bone correspond with those of the preceding.
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1587. The shaft of a left metatarsal bone of corresponding dimensions with the
preceding ; a section has been removed from the proximal end, showing
the confluence of the originally distinct juxtaposed walls of the three me-
tatarsals, and the coarse cancellous structure in the centre of each,

1588. The left tarso-metatarsal bone of the Dinornis didiformis: this specimen
measures seven inches ten lines in length ; it is in other respects iden-
tical in character with the preceding bones Nos. 1585, 1586, and appears

to indicate a sexual superiority of size.

Presented by William Cotton, Esq., F.I.S.

1589. A phalanx, apparently the second of the middle toe, of the Dinornis
sfruthoides : it is three inches and a half long and one inch and a half
broad across the proximal joint. This does not present the median
vertical ridge which the corresponding groove in the articular surface of
the metatarsal indicates the proximal phalanx to possess, and it appears
therefore to be a second phalanx, which, as in the middle toe of the
Ostrich, would then differ from the first phalanx in the equable conca-
vity of the proximal articular surface. In the second or outer toe of
the Ostrich the median eminence is wanting on the proximal end of the
first phalanx, but the want of symmetry in that bone shows that it
cannot be the analogue of the phalanx of the Dinornis in question,
which is almost quite symmetrical. From this character it may be
referred to the middle toe: compared with the second phalanx of that
toe in a full-grown Ostrich, it is relatively longer, less depressed or flat-
tened, the depth of the bone being equal to its breadth except at the
distal articulation, which nevertheless is much less expanded and de-
pressed than in the Ostrich. In this bird the length of the second
phalanx of the middle toe is two inches and a quarter, the breadth of the
distal end is one inch and a half, and its depth at the middle of the
bone eight lines. In the phalanx of the Dinornis the breadth of the
distal end is one inch and a quarter, its depth at the middle ten lines.
The size of the phalanx of the Dinornis, regarded as the second of the
middle toe, agrees well with that of the tarso-metatarsal of the Dinornis
struthoides.
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1590. A smaller phalanx, apparently a proximal one of an outer toe. It pre-

sents an unsymmetrical figure, and its proximal articular concavity is
continuous with an oblique notch which divides the lower border into two
tuberosities. This structure is slightly indicated at the corresponding
part of the proximal phalanx of the outer toe in the Ostrich, and in the
Bustard is as strongly marked in the proximal phalanx of hoth the outer
and inner of the three toes as in the phalanx of the Dinornis. This
phalanx measures one inch ten lines in length, one inch two lines across
the proximal end, and ten lines across the distal end : the articular sur-
face here is impressed by a vertical groove, as in the proximal phalanges
of the outer and inner toes in the Bustard, and it agrees in its general
figure with that of the outer toe of the left foot, but is much thicker in
proportion to its length. The proximal articulation matches in size with,
but is not adapted by its configuration to, the outer trochlea of the trifid
metatarsal of the Dinornis didiformis.

1591. The shaft of the right femur of the Dinornis otidiformis. It measures

1

3

two inches one line in cirenmference at the middle of the shaft.

92, The right tibia of the Dinornis otidiformis. It measures eight inches

nine lines in length, and one inch eleven lines in circumference at the
middle of the shaft. This bone, notwithstanding the disparity of size
between it and the tibia of the Dinornis giganteus, presents the cha-
racters of full maturity; the ridge for the fibula and those at the
proximal end of the bone being quite as strongly developed. In the
tibia of a half-grown Ostrich, the antero-external ridge, which in the
adult projects strongly from the head of the bone, is in the state of car-
tilage, the fibular ridge undeveloped, and both articular extremities in a
state of epiphysis and incompletely ossified: the same conditions which
influence, as has been already remarked, the tardy ossification in the
Ostrich must have been still more operative in the Dinornis, in which
the absence of air in the femur indicates as low a development of the
respiratory system as in the Apteryx. If this reasoning be admitted to
establish the maturity of the tibie of the Dinornis ingens and Dinornis
didiformis, it equally proves that of the present tibia, which bears the same
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proportion to the bone of sixteen inches in length, as this does to that
of thirty-five inches. The tibia of eight inches and two-thirds in length
has its articular extremities as completely ossified and confluent with the
shaft, and its proximal and fibular ridges as strongly developed, as in the
larger tibiz.

The shape of its proximal articulation differs more from that of No. 1583
than this does from that of No. 1570 ; the tibial half is broader from behind
forwards than transversely; the anterior ridge at the proximal end is
nearer the middle of the bone than in No. 1583, @ fortiort, nearer than
in No. 1570; the inner side of the bone is more rounded or less angular,
especially at the proximal half of the shaft ; the transverse diameter of the
shaft is proportionally less than the antero-posterior one ; the posterior
notch between the distal condyles is deeper, and the inner condyle is
more compressed laterally, and is produced further backwards.

There is no tarso-metatarsal to match the present tibia, but it
unequivocally establishes a species of cursorial bird, which, from the
agreement of the hone in its general characters with the tibie of the
larger species, most probably belonged to the same genus, Dinornis, but
did not surpass in size the Great Bustard ( Otis tarda). 1 have therefore
named the species to which it belonged Dinornis otidiformis.

1593. A series of plaster-casts or models of the bones of the Dinornis giganteus,
articulated according to their natural connections and relations in the living
bird, so as to show the height of the hind-legs and pelvis, whereby the total
altitude of the bird may be conceived and approximatively determined by
the analogies of the existing Struthionide. In these the neck varies slightly
in its relative length, being longest in the Ostrich and Emeu, in which
it includes eighteen or nineteen vertebrwe, and shortest in the Cassowary
and Apteryx, which have respectively sixteen and fifteen cervical ver-
tebrae ; but in all the species it is of sufficient length to enable them
readily to pick up substances from the ground by a slight rotation or
bending down of the trunk and pelvis upon the hip-joints. The tibia of
the Dinornis giganteus, with its extremities entire, measures two feet
eleven inches : this bone, articulated with a femur of sixteen inches and
a tarso-metatarsul bone of eighteen inches in length, at angles corre-
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sponding to those in the Ostrich, and with an allowance of three inches
for the natural angle of the toes and the callous integuments beneath the
distal joint of the metatarsal bone, makes the height of the hind-leg to
the highest point of the femur five feet six inches: from the level of
this point to the top of the head, supported upon an erect neck of the
same proportions as in the Ostrich, would be five feet, making the total
height of the Dinornis giganteus ten feet six inches. If the tarso-
metiatarsal bone of the Dinornis had borne the same proportion to the
tibia as in the Ostrich, its height would have been nearly twelve feet, but
the acquisition of the tarso-metatarsal belonging to the largest tibia for-
tunately prevented this error of exaggeration.

But since the Cassowary and Apteryx, as compared with the Ostrich
and Emeu, combine shorter tarso-metatarsals with their shorter necks,
the Dinornis is more likely to have resembled these birds than the
Ostrich in the proportionate length of its neck, and we know that
it resembled the Apteryx much more than the Ostrich in the robust
proportions of the cervical vertebrz. In the Apteryx, however, the
peculiar length of the bill compensates for the relative shortness of the
neck ; and until we have proof to the contrary, we must suppose the
Dinornis to have had a bill of the ordinary proportions which it presents
in the large existing Struthionide : the Cassowary seems, therefore, to
offer the best term of comparison by which to calculate the height of the
Dinornis. In the skeleton of a full-grown Cassowary the tarso-meta-
tarsal bone measures eleven inches in length : allowing an inch for the
callous integuments beneath its distal articulation, the tibia and femur,
articulated at the angles natural in the standing posture, rise to the
height of two feet nine inches. From the level of the top of the tro-
chanter to the top of the cranial crest is two feet three inches, and to the
base of the crest two feet. We have evidence in No. 1552 that the Dinornis
did not possess that peculiar defence upon the head, and therefore, from
the groundto the summit of the trochanter of the Dinornis giganteus being
five feet six inches, from this level to the top of the head, according to the
proportion of the uncrested Cassowary, would be four feet, making the
total altitude nine feet six inches. Thus, if we take the average of the
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altitudes of the Dinornis giganteus, as given by the analogies of the
existing Struthionide, we are compelled to restrict our ideas of its height
in the ordinary upright posture to ten feet.

The Dinornis struthoides, with a femur of eleven inches, a tibia of
twenty-two inches, and a tarso-metatarsus of twelve inches in length,
must have stood, according to the analogies of the Cassowary, six feet
nine inches i height ; according to those of the Ostrich, seven feet four
inches : we may therefore regard its height to have not exceeded seven
feet, or to have been about equal to that of a moderate-sized Ostrich,
but of a more robust and stronger build, The fragment of the femur
first described by me in 1839 belongs to this species.

The Dinornis didiformis, with a tibia as long as that of the Cassowary,
viz, sixteen inches, but with a femur of eight inches and a tarso-meta-
tarsus of only seven inches in length, would, by the analogy of the
Cassowary, be a little under four feet in height, or of intermediate size
between the Cassowary and the Dodo.

The femur of nine inches in length, with similar proportions of -the
tibia and metatarsus, which latter would probably be relatively longer,
gives the height of five feet to the species which, from the similarity of
its size to the Emeu (Dremaius ater), I have called Dinornis dromioides.

The following letter from the Rev. William Williams to the Rev. Dr.
Buckland, relates to the bones of the Dinornis deseribed above,

“ Dear Sir, “ Poverty Bay, New Zealand, Feb. 28th, 1842.

“It 1s about three years ago, on paying a visit to this coast, south
of the East Cape, that the natives told me of some extraordinary
monster which they said was in existence in an inaccessible cavern on
the side of a hill near the river Wairoa ; and they showed me at the
same time some fragments of bone taken out of the beds of rivers,
which they said belonged to this ereature, to which they gave the
name of ¢ Moa. When I came to reside in this neighbourhood I
heard the same story a little enlarged, for it was said that the creature
was still existing at the said hill, of which the name is ¢ Wakapunake,’

G B
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and that it is guarded by a reptile of the Lizard species, but I could
not learn that any of the present generation had seen it. I still con-
sidered the whole as an idle fable, but offered a large reward to any
one who would catch me the bird or its protector. At length a bone
was brought from a river running at the foot of the hill, of large size,
but the extremities were so much worn away that I could not deter-
mine anything as to its proper relationship. About two months ago
a single hone of smaller size was brought from a freshwater stream in
this bay, for which I gave a good payment, and this induced the natives
to go in large numbers to turn up the mud at the banks and in the bed
of the same river, and soon a large number of bones was brought, of
various dimensions. On a comparison with the bones of a fowl, I
immediately perceived that they belonged to a bird of a gigantic size.
The bones of which the greatest number have been brought are the
three bones of the leg, a few toe-bones, and one claw, which is one
inch and a half in length, a few imperfect pelves, and a few vertebra
of different dimensions, and one imperfect cranium, which is small.
There are also a few broken pieces, which scem to be ribs. In the
case now sent you will receive the largest specimens I have obtained,
and also a few of smaller size, The length of the large bone of the
leg is two feet ten inches. I have a second case, which I shall send
by another vessel, to make sure of your receiving them. If the bones
are found to be of sufhicient interest, I leave it to your judgement to
make what use of them you think proper; but if the duplicates reach
you, perhaps one set may with propriety be deposited in our museum
at Oxford.

“ The following observations may not be devoid of interest :—

¢ 1st. None of these bones have been found on dry land, but are all
of them from the bed and banks of freshwater rivers, buried only a
little distance in the mud ; the largest number are from a small stream
in Poverty Bay, Wairoa, and at many inconsiderable streams, and all
these streams are in immediate connexion with hills of some altitude.

“ 2nd., This bird was in existence here at no very distant time,
though not in the memory of any of the imhabitants, for the bones
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are found in the beds of the present streams, and do not appear to
have been brounght into their present situation by the action of any
sudden rush of waters,

¢ 3rd. They existed in considerable numbers. 1 have received per-
fect and imperfect bones of thirty different birds.

““ 4th, It may be inferred that this bird was long-lived, and that it
was many years before itattained its full size: out of a large number of
bones, only one leg-bone now sent is of the size of two feet ten inches ;
two others are two feet six inches, one of which I shall send hereafter.
The rest are all of inconsiderable size,

“ 5th. The greatest height of the bird was probably not less than
fourteen or sixteen feet.  The leg-bones now sent give the height of
six feet from the root of the tail. I am told that the name given by
the Malays to the Peacock is the same as that given by the natives to
this bird.

“ Within the last few days I have obtained a piece of information
worthy of notice. Happening to speak to an American about the
bones, he told me that the bird is still in existence in the neighbour-
hood of Cloudy Bay, in Cook’s Straits ; he said that the natives there
had mentioned to an Englishman of a whaling party that there was a
bird of extraordinary size to be seen only at night on the side of a hill
near there; and that he, with the native and a second Englishman,
went to the spot; that after waiting some time they saw the creature
at some little distance, which they describe as being fourteen or six-
teen feet high. One of the men proposed to go nearer and shoot,
but his companion was so exceedingly terrified, or perhaps both of
them, that they were satisfied with looking at him, when in a little
time he took the alarm and strode away up the side of the mountain,
This incident might not have been worth mentioning, had it not been
for the extraordinary agreement in point of size of the bird. IHere
are the bones, which will satisfy you that such a bird Aas been, and
there is said to be the living bird, the supposed size of which, given by
an independent witness, precisely agrees. Should I obtain anything
more perfect you will not fail to hear from me, and in the meantime

382
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may I request the favour of your opinion on these bones, and also the
information whether any others of similar character have heen found
elsewhere ?

I beg to remain, dear Sir, your obedient Servant,

“ WiLLiaMm WiLLiams.”
« o the Rev. Dr. Buckland, &c. &e.”

The remarkable geographical distribution of the birds of the Stru-
thious order, which have no power of transporting themselves to distant
isles or continents, either through the air or the ocean*, irresistibly leads
us to speculate on the cause of that distribution, and its connexion with
the former extent and importance of the wingless terrestrial birds.
Hereupon it may first be remarked, that those species now in existence
which have the least restricted powers of locomotion, enjoy the most ex-
tensive range for their exercise.

The Ostrich is spread over nearly the whole of Africa, from the Cape
to the deserts of Arabia: beyond which the species is unknown. The
Rhea ranges over a great part of the southern extremity of the Western
hemisphere. To the Emeu has been assigned the vast mainland of
Anustralia. The heavier Cassowary 1s limited to a few of the islands of
the Indian Archipelago. The Dodo appears to have been confined to the
Mauritius and the small adjoining Isle of Rodriguez. The Apteryx sull
lingers in New Zealand, where alone any specimens of that most anoma-
lous species of the Struthious order have been discovered.

New Zealand was also, at one period, the seat of a seventh genus of
Struthionide ; and it 1s worthy of remark, that the Fauna of no other
island, nor of any of the great continents, has yet furnished an analogous
example of two distinet genera of that group of birds. Moreover, the
most gigantic as well as the most diminutive species of the wingless
group—always to Ornithologists most remarkable for the great size of

* The Rhea and Emeu have been seen to take water for the purpose of crossing rivers and narrow
channels of the sea; but almost the entire body sinks helow the surface, and their progress is slow,
as might be anticipated from the absence of the swimming-webs in their feet, See Darwin, ¢ Voyage
of the Beagle,” vol. iii. p. 105.
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its species—formerly occupied their place amid the fern-brakes and tur-
baries of New Zealand. And, again, the number of the species of Stru-
thionide in this island equalled that in all the rest of the world, as
registered in the catalogues of Ormithology.

Now, since all the larger existing Struthious birds derive their sub-
sistence from the vegetable kingdom, we may hope to receive from the
botanist an elucidation of the circumstances which favoured the existence
of so many large birds of this order in the remote and restricted locality
where alone their remains have hitherto been found. It seems, at least,
most natural to suppose that some peculiarity in the vegetation of New
Zealand adapted that island to be the seat of apterous tridactyle birds, so
unusually numerous in species and some of them of so stupendous a size.

The predominance of plants of the Fern-tribe, and the nutritious qua-
lities of the roots of the species most common in New Zealand, are the
characteristics of its Flora which appear to have been the conditions of
the former most singular Fauna of this island. Some at least of the cha-
racters of the skeleton of the Dinornis may well have related to rhizo-
phagous habits. The unusual strength of the neck, the size and deep
implantation of the nuchal muscles and the nnusual development of the
temporal muscles, indicate the application of the beak to a more laborious
task than the mere plucking of seeds, fruits, or herbage. The present
stall Apteryx of New Zealand has a relatively stronger neck than any of
the existing Struthionide, in relation to the needful power of perforating
the earth for the worms and insects which constitute its food. Such small
objects cannot be supposed to have afforded sustenance to the gigantic Ji-
nornithes : but the still more robust proportions of their cervical vertebras
and especially of their spinous processes,—so striking when contrasted
with the corresponding vertebra of the Ostrich or Emeu,—may well have
been the foundation of those forces by which the beak was associated with
the feet in the labour of dislodging the farinaceous roots of the ferns
that grow in characteristic abundance over the soil of New Zealand *.

® « New Zealand is favoured by one great natural advantage, namely, that the inhabitants can

never perish from famine. The whole country abounds with fern; and the roots of this plant, if not
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The great strength of the leg, and especially of the metatarsal segment,
which is shortened, as in the burrowing Apteryx, almost to the galli-
naceous proportions, must have had reference, especially in the less
gigantic species, to something more than sustaining and transporting the
superincumbent weight of the body, and this additional funetion is indi-
cated by both the analogy of the Apteryx and the Rasorial birds to be
the scratching up the soil.

Thus far, at least, the positive facts justify the attempt to restore, and,
as it were, to present a living portrait of the long-lost Dinornis; and,
without giving the rein to a too exuberant fancy, we may take a retro-
spective glance at the scene of a fair island, offering, by the will of a
bountiful Providence, a well-spread table to a race of animated beings
peculiarly adapted to enjoy it; and we may recall the time when the
several species of Dinornis ranged the lords of its soil—the highest
living forms upon that part of the earth. No terrestrial Mammal was
there to contest this sovranty with the feathered bipeds before the arrival
of man#®,

Without laying undue stress on the native tradition of the gigantic
Eagle or < Movie,” cited by Mr. Rule-f, or on that of the great creature of
the cavern, called * Moa,” which first attracted the attention of Mr. Wil-
liams to the remains of the Dinornis ; and admitting, with the cautious
scepticism due to second-hand testimony, the tale of the still-existing
nocturnal gigantic bird which scared the whaling seamen on the hill at
Cloudy Bay,—the evidence of the chemical condition of the bones them-
sclves ¥, and their alluvial bed, favour the hypothesis of their compara-

very palatable, yet contain much nutriment.”  Voyage of the Adventure and Beagle, vol. iii. * Dar-
win,” p. 504,

* Mr. Darwin says, “ It is a most remarkable fact that so large an island, extending over more than
700 miles in latitude, and in many parts 90 miles broad, with varied stations, a fine elimate, and land
of all heights from 14,000 feet downwards, with the exception of a smali rat. should noet possess one
indigenous mammal.”—ZLee. eit. p. 511,

1 Polytechnic Journal, July 1543,

i The following ehemieal analyses have been made by Thomas Tayler, Esq., author of the Cata-
logue of the Caleuli and other Animal Coneretions in the Muscum of the College :—
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tively recent date. It is not altogether improbable that the species of
Dinornis were in existence when the Polynesian colony first set foot on
the island ; and, if so, such hulky and probably stupid birds, at first
without the instinet and always without adeqnate means of escape and
defence, would soon fall a prey to the progenitors of the present natives.

In the absence of any other large wild animals, the whole art and
practice of the chase must have been concentrated on these unhappy
cursorial birds*. The gigantic Dinornis, we may readily suppose, would
he the first to be exterminated : the strength of its kick would less avail,
than its great bulk would prejudice its safety by making its concealment
difficult ; at all events, the most recent-looking bones are those of the
smaller species. The closely allied, but comparatively diminutive Apteryx
still survives by virtue of its nocturnal habits and subterraneous hiding-
place, but in fearfully diminished and rapidly diminishing numbers.
When the source of anumnal food from terrestrial species was reduced by
the total extirpation of the genus Dinornis to this low point, then may
have arisen those cannibal practices which, until lately, formed the op-
probrium of a race of men in all other respects much superior to the
Papuan Aborigines of the neighbouring continent of Australia, and

« Recent Tilida of Ostricd. Foszsil Femur of Dinornis didiformes.
AWl TBRELE .o o s ssnsnscssrisisesnniiin SO O Animal MAater. .. .ovnssrnsisissasissnspnsnses 2599
Phosphate of lime ........cccoieenvicinnn. 6569 | Phosphate of lime with phosphate ut"} 6619
Phosphate of magnesia .........cccviieens 0095 IAZIIESI 4ruaersarvansse saasssvnnsesnvn s
Carbonate of lime ....covivrnnivcrenrnnnnne, 622 | Carbonate of lime ...ovvviviiviiivininninnn 151

Sulphate and earbonate of soda, I|.'.'ilh} oia Peraxite of im0 v nimmsammmsmnconin 381
- Alumima ciinaanihiiikiniaiaany rad

trace of muriate .........
Sulphate of lime, a trace, Sulphate, earbonate, and murate of soda (-3¢
Fluorine, a trace. Sulphate of lime, a trace.
Fluorine, a very distinet trace.

Q519 104

The superabundance of animal matter in the bone of the extinet bird depends upon its being a
marrow-bone, whilst that of the Ostrich contains air.

* As the Maoris or uboriginal Natives prize the skin and feathers of the Apteryx for the manufacture

of ornamental robes, it might be worth inguiry whether any of the natives preserve remains of their

aneestors’ dresses composed of feathers of unknown and larger species of birds.  Such relies of a

D¥inornis might in this wav be recovered.
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very little inferior to the Polynesian natives of the most favoured islands
of the Pacific.

Genus Ornithichnites*.

The following impressions and casts of impressions of foot-prints were dis-
covered at various depths beneath the actual surface, in quarries of laminated
flag-stones, belonging to the Triassic or New Red Sandstone epoch in geology,
near the banks of the river Connecticut, and have been described by Prof. Hitch-
cock in the ¢ American Journal of Science and Arts,’ January 1836, by whom the
series was presented to the Royal College of Surgeons.

1594. A cast of a slab with a single impression of the Ornithichnites minimus,
Hiteheock.

1595. A slab with two impressions of the Ornithichnites minuseulus, Hitcheock.

1596. A slab with the relief of two impressions, one twice the size of the other,
of the Ornithichnites parvulus, Hitchcock.

1597. A slab with an impression of the Ornithichnites gracilis, Hitchcock.
1593. A slab with an impression of the Ornithichnites tenuis, Hitcheock,

1599, A slab with the relief of an impression of the Ornithicknites crassus,
Hitcheock.

1600. A portion of the triassic slate with part of an impression of the Ornithich-
nites tetradactylus, Hitchcock.

1601. A cast of a slab with an impression of the Ornithichnites tetradactylus,
Hitcheock,

1602. A portion of the triassic slate with parts of five impressions of the Orni-
thichnites Deanii, Hitcheock,

1603. A cast of a slab with the relief of two impressions, interfering with each

other, of the Oruithichnites Deani, Hitcheock.

# Gowes et bived, Tyvos a fool-pring, a generie name devised by Profl Hitcheock, in reference rather to
the fossilised foot-prints than to the supposed birds by which they were made.
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1605.

1606.

1607 .

1608,

1609,

1G10.

161 1.

1613.

1614.

1615.

16106,

16i7.
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A cast of a slab with the relief of an impression of the Oruithichuites

Deaniz, Hitcheock.

A cast of a slab with the relief of an impression of the Ornithichnites
Barattre, Hitcheock.

A cast of a slab with an impression of the Ornithichnites cuneatus, Hitch-
cock.

A cast of a slab with the relief of an impression of the Ornithichnites cu-
nealus, Hitcheock.

A cast of a long slab with the relief of four successive foot-prints of the

Oruethichnites cuneatus, Hitcheock.

A cast of a slab with a deep impression of the Ornithichnites diversus var.
edarus, Hitcheock.
A cast of a slab with an impression of the Ornithichnites diversus var. pla-
tydactylus, Hitcheock,

A cast of a slab with a deep impression of the Ornithichnites diversus var.
efarus, Hitcheock,
A cast of a large slab with four or five impressions of the Ornithichnites
diversus var. clarus.
A cast of a slab with an impression of the Ornithichnites parallelus,
Hitcheock.,
A cast of a slab with an 1mpression of the Ormethichnites divaricatus,
Hitcheock.

A cast of a slab with an impression of the Ornithichnites tuberosus,
Hitcheock.

A cast of a slab with an impression of the Ornithichnites robustus,

Hitcheock.

A cast of a slab with the relief of an impression of the Ornithichnites in-
zens, Hitcheock,
9 C
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1618. A portion of the triassic slate with the relief of the impressions of one of
the toes of the Oraithichnites gizanieus, Hitcheock.

1619. A cast of a slab with the relief of an impression of the Ornithichnites
giganteus, Hitchcock.

1620. A cast of a slab with the relief of an impression of the Ornithichnites gi-
ganteus, Hitcheock.

This is the most remarkable of the fossil footsteps of the Connecticut
triassic slate ; they have as yet been found in one guarry only, at Mount
Tom, near Northampton, United States; here, four nearly parallel tracks
of the gigantic Ornithichnite were found, and in one large slab six foot-
steps appeared in regular succession, at a distance of four feet from one
another. In others the distance varied from four to six feet ; the latter
was probably the longest step of this gigantie bird while running.

We are naturally led to compare these indications of large tridactyle
birds of the very remote geological period, indicated by the formation in
which they occur, with the actual remains of the skeleton of equally
gigantic tridactyle birds, which have perished at a much more recent
period in the island of New Zealand.

The epoch of the Ornithichnites is as ancient as that of the Cheiro-
theria or Labyrinthodont footsteps in Europe, and more ancient than
thuse of the oolites and lias, from which the remains of our most extra-
ordinary extinct reptiles have been obtained : but no fossil bones of birds
have been found associated with the Labyrinthodont and Thecodont rep-
tiles, nor with those of the lias or oolites, the Pterodactyles of which
were once mistaken for birds. The Wealden is the oldest forination in
which true ornitholites have hitherto been discovered. The ancient foot-
prints of the Connecticut sandstones were for the most part supposed to
be those of Gralle; but the high geological antiquity of those sand-
stones, and the interferences which might be deduced from the low cha-
racter of the air-breathing animal creation, as indicated by fossil bones,
of the condition of the atmosphere during the deposition of the oolites,
lias and new red sandstones, induced some Paleontologists to entertain
doubts, whether foot-prints alone were adequate to support the inference



379

that the animals that mpressed them actually possessed the highly
developed respiratory organization of a bird of flight.  One could hardly
venture, indeed, to reconstruct in imagination the stupendous bird which,
on Dr. Hitchecock’s hypothesis, must have left the impressions called Orani-
thichnites giganteus 5 for before 1841, the only described relic of the ex-
tinct New Zealand bird did not warrant the supposition of a species larger
than the Ostrich.

The species of Dinornis (Din. struthoides), in fact, to which that relic
belonged, we now know not to have exceeded seven feet in height, which
is the average stature of the Ostrich. But the bones of the Dinornis gi-
zanteus subsequently acquired demonstrate the existence, at a compara-
tively recent period, of a bird whose tridactyle foot-prints surpassed the
Ornithichnites giganteus of Prof. Hitcheock.

The length of this foot-print to the extremity of the impression of the
claw of the middle toe is sixteen inches ; the breadth of the back part of
the impression is four inches six lines. The toes were broad and thick,
and we may plainly discern that the bird supported itself, like the Ostrich,
upon the under surface of the toes, from their extremities to the cushion
heneath the distal end of the proximal phalanges; and that in making
the impression, the foot did not quite sink as far as the end of the meta-
tarsal bone.

The length of a corresponding impression of the foot of the Ostrich is
eight inches ; the breadth of the posterior part of the impression three
inches ; the breadth of the distal end of the tarso-metatarsal bone two
inches and a half.  According to these proportions, the breadth of the
distal end of the tarso-metatarsal bone of the tridactyle bird that im-
pressed the Ornithichnites giganteus must have been three inches nine
lines ; but the breadth of the distal end of the tarso-metatarsus of the
Dinornis giganteus is five inches. According, therefore, to the propor-
tions of the Oraithichnites giganteus, the breadih of the hind part of the
foot-print of the Linornis gigantens must have been six inches, and its
length twenty-one inches and a half.

The genus Dinornis was characterized by a relatively broader foot than
the Ostrich, as we know by the tarso-metatarsal bones ; and this bone in

3c2



DESCRIPTION OF THE PLATES.

PLATE L

A side view of the carapace and exposed parts of the internal skeleton of the
Gigantic Armadillo ( Glyptodon clavipes. See the descriptions of the specimens
Nos. 524 to 541 inclusive).

The parts delineated in outline are wanting in the original specimen: the
lower jaw and the tessellated helmet, or dermal bony defensive covering of the
skull, are restored on the authority of an original sketeh of an entire specimen
of this species of Glyptodon transmitted to Sir Woodbine Parish from Buenos
Ayres., The bones of the fore-foot are given from the figures illustrating the
memoir by Professor IVAlton, published in the Transactions of the Berlin Aca-
demy for the year 1836, taf. ii, The restoration of the defective parts of the
margin of the carapace is made according to the analogy of the parts pre-
served.

The fossil tail, which was received subsequently to the printing of the de-
scriptions of the fossils in the present Volume, measures one foot six inches in
length, is almost circular at its base, and becomes slightly depressed towards its
apex ; it is gently curved with the concavity upwards through its whole extent,
and consists of a series of caudal vertebrae inclosed in an inflexible sheath com-
posed of closely united dermal ossicles of vartous forms and sizes, but ilisposed
in a regular and beautiful pattern. The osseous substance of the sheath in-
creases in thickness from half an inch near its base to one inch and three quar-
ters near its obtuse apex. The dermal ossicles are united to the internal skeleton
of the tail, and defended from outward pressure by processes which radiate from
the bodies of the candal vertebrae (see Plate II. fig 4.). The dermal armour
consists of central, large, or principal ossicles, and peripheral, small, or accessory
pieces, the latter oceupying the interspaces of most of the larger ossicles in a

single series. The larger ossicles differ in size, increasing as they approach the
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end of the tail, and with great regularity, where they form the two lateral series,
which terminate by a pair of large, sub-elliptic, thick, hollow ossicles, which in-
close the end of the tail like a bivalve shell, defending this part when dragged
along the earth, and even enabling it to pieree the soil like an implement sheathed
with iron (Plate IL. hg. 7.). The arrangement of the ossicles in the interspaces
of the two terminal lateral plates is shown in Plate I1. figs. 5 and 6. The number
of the lateral plates on each side of the considerable portion of the tail preserved
is nine : from the first of these to the fourth the number of intermediate prin-
cipal ossicles below each pair of lateral plates is six of nearly equal size : beyond
this they decrease to four and three in number, At the superior interspace of
the two lateral series there are six sub-equal principal ossicles between each pair
of lateral plates as far as the fourth ; thev then decrease to five and four in num-
ber, those at the centre being of smallest size.

The circumference of the base of the tail is fourteen inches, that of the apex
at the interspace of the penultimate and last lateral plates ten inches. The
length of the last lateral plate is three inches and a half, its breadih is three

inches.

PLATE II.

Upper and terminal views of the carapace of the Glyptodon clavipes.

Fig. 1. The upper view of the carapace.

Iig. 2. The front view, showing the anterior outlet.

Fig. 3. The back view, showing the posterior ontlet.

Fig. 4. An anterior caudal vertebra, with part of the anterior border of the
verticillate bony dermal covering or sheath of the tail. This covering
was attached to the vertebra by a close syndesmosis connecting the ex-
tremities of the processes which radiated, like the spokes of a wheel,
from the centrum or body : the muscular and ligamentous tissues, which
occupied the interspaces (g) now filled by the matrix or soil-formation
in which the fossil was imbedded, wounld also form a medium of attach-
ment between the endo- and exo-skeletons of the tail.  The length of
the body of this vertebra is two inches and a half; the diameter of the
articular surface of the body is one inch and a half.
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a, The body of the vertebra.

b, The neural spine,

¢, The hamal spine, restored, in dotted outline from a consecutive vertebra:
the processes on the centrum indicate the existence and strength of the
bony arch for protecting the blood-vessels of the tail.

d, The upper transverse process continued from the neural arch,

e, The lower transverse process continued from the centrum.

/- The free anterior border of the bony covering of the tail ; it is rounded off,
and from two to three lines in thickness, but gradually increases to half
an inch in thickness opposite the distal end of the vertebra; and the
bony covering aequires a thickness of three-fourths of an inch towards
the posterior end of the tail.

Fig. 5. The under surface of the extremity of the tail.
Fig. 6. The upper surface.
Fig. 7. The end of the tail.

PLATE III.

Views of the cranium of the Glyptodon clavipes.

Fig. 1. Upper surface of the cranium.

Fig. 2. Under surface of the cranium,

These views are reduced one-half the natural size,

The occipital condyle (a) presents a convexity in the vertical direction, which
desceribes more than a semicirele, and is slightly convex transversely, but is
narrower in that direction than it is in the Mylodon: it is directed in the
Glyptodon backwards and obliquely outwards. The aceipital foramen () is
very large and transversely elliptical ; its plane is inclined from below upwards
and backwards 20° beyond the vertical line. The anterior condyloid foramen
(¢}, though large, is relatively smaller than in the Mylodon, and is situated close
to the anterior border of the condyle. The depression for the digastric muscle
(@) is perforated and separated from the condyle by a wider tract of the par-occi-
pital (¢) than in the Mylodon, and the petro-mastoid ( /), below the digastric
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depression, presents a rough convexity, bounded posteriorly by a transverse
ridge of the par-occipital, instead of the hemispherical depression for the arti-
culation of the stylo-hyoid bone, which characterises the skull of the Mylodon.
The basi-oceipital (g) presents a median smooth concavity and two lateral rough
depressions which are continued on to the basi-sphenoid (%), and indicate the
insertions of very powerful ¢ recti capitis antici majores’: the obliterated suture
between the basi-oceipital and basi-sphenoid forms a rough transverse ridge : the
inequalities of this part of the basal region of the skull present a striking con-
trast to the broad, smooth and even tract which the same part forms in the
Mylodon*. The sides of the concave under surface of the basi-sphenoid are
bounded by longitudinal ridges, which have been broken off in the specimen.
The petrous bone terminates by a prismatic pointed process in the foramen
lacerum (), which here gives passage both to the jugular vein and internal
carotid.  The foramen ovale (4) is circular, and of the same size as the anterior
condyvloid foramen. The foramen rotundum (/) is one meh and a hLalf in
advance of the foramen ovale, and opens into the commencement of a deep and
long groove which traverses the base of the pterygoid processes in the direction
towards the ant-orbital foramen. The base of the zygomatic process supporting
the articnlation of the lower jaw (m) is brought much nearer the occiput than
in the Mylodon, and is separated from the petro-mastoid by a deep excavation
perforated by wide apertures that seem to communicate with the tympanie
cavity, The articular surface for the lower jaw is well-defined, narrow in the
axis of the skull, much extended transversely, gently convex in both directions.
In the skull of a recent Armadillo ( Dasypus ectocinetus), the articulation for the
lower jaw is almost flat and on a level with the roof of the posterior perforated
cavity : in the Prionodon (Dasypus gigas, Cuv ), the articular surface is slightly
concave and extends longitudinally forwards from the posterior cavity : the zy-
gomatic process of the malar bone bounds the outer and fore part of the surfuce,
and extends forwards in the form of a laterally compressed plate of bone, and
in the Das. seacinetus forms a slight angular projection below the ant-orbital
perforation. Inthe Glyptodon the articulation for the lower jaw more resembles
that in the ordinary Pachyderms, and is thus conformable with the deviation

* See Memoir vn the Mylodon, 4to, pl. iv,

a3 D
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from the Edentate structure manifested by the bones of the foot. But the most
remarkable characteristic of the skull of the Glyptodon, by which it differs from
the existing Armadillos and approaches the Megatherioids, is the long and strong
process (#) which descends from the base or origin of the zygomatic process of
the maxillary bone. This process is compressed, but in the opposite direction
to that in the Mylodon, viz. from before hacliwards, instead of from side to side :
it measures five inches in length from the ant-orbital perforation ; one inch and
three-fourths in breadth across the middle : the outer margin is entire, and as if
folded back ; the lower half of the inner margin is slightly notched, the extremity
of the process curves backwards*.  Both anterior and posterior surfaces bear
strong marks of the attachment of muscular fibres. The small remaining por-
tion of the maxillary bone on the inner side of this process shows portions of
three deep sockets g, 0, of the same diameter throughout, indicating the implan-
tation of molar teeth by a single excavated base ; and showing two longitudinal
ridges on both the outer and the inner side, which proves the teeth to have had
the same fluted exterior which they present in the lower jaw, and of which the
generic name of Glyptodon 1s expressive, The fractured anterior part of the
“ basis cranii’ shows the large cavities for the olfactory bulbs and the remains of
a very extensive cribriform plate, the organ of smell being very largely developed.

The posterior or occipital surface of the skull slopes forward from the plane
of the occipital foramen atan angle of 457 : in the small existing Armadillos it is
vertical : in the Glyptodon it is divided by a strong median vertical ridge, and
separated by a sinuous, thicker, transverse ridge from the upper surface of the
skull. The posterior half of this region of the craniuwm is marked by the ridges
bounding the origins of the temporal muscles, which almost meet along the
middle or sagittal line. Part of the lambdoidal suture 1s seen at p; the other
cranial sutures are obliterated. The temporal fosse are pierced by numerous
large vascular foramina. The anterior parts of the temporal ridges g diverge to
the posterior angles of the supra-orbital ridges. The frontal or inter-orbital
part of the upper surface of the eranium is broad, and nearly flat, smooth and
slightly concave at its posterior half, slightly convex, rough and perforated by

vascular foramina at its anterior half. The most prominent parts, above the

* The extent of this process is shown in the reduced side-view of the skull in Plate 1.
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orbits, are most rugose and indicate a more intimate adhesion to the super-
incumbent osseous dermal helmet.  The lacrymal foramen » is pierced 1mme-
diately in front of the anterior border of the orbit.

The difference in the development of the temporal muscles manifested by the
Glyptodon and Mylodon, in the position of the ridges on the fossil eraninm, in-
dicates a corresponding difference in the power of mastication and in the density
of the alimentary substances habitvally selected by each species: the greater
proportion of hard dentine in the teeth of the Glyptodon, and the greater num-
ber of the teeth, which appears to have been thirty-two, eight on each side of both
jaws, coincide with the characters of the cramium and support the inferences

thence dedueible,

PLATE IV.

Portions of the bony armour of the different Glyptodons or extinet Gigantie
Armadillos : natural size.

Fig. 1. A view of the outer surface of three ossicles taken from the anterior
border of the carapace of the Glyptodon clavipes.

a, The median eminence, the large size of which characterizes the ossicles
forming the border of the carapace, and is accompanied by a diminution of

b, The peripheral portion of the ossicle, which, at the same time, loses the
marks of its subdivision into smaller eminences.

¢, The median eminence of an anterior marginal ossicle, which, at this part,
extends outwards and forwards in the form of a transversely, oblong, ob-
tuse-angled prominence ; the marginal part of the ossicle being almost
obliterated.

d, The sutural margin of the ossicle,

Fig. 2. A view of the internal surface of the same ossicles : o, the suture,

Fig. 3. A side view of a hexagonal ossicle from the middle of the upper
surface of the carapace of the Glyptodon t'ffwfp{'.s'; showing the thick-
ness of the bony armour at that part, and the roughness of the sutaral
surfaces.

Fig. 4. The external surface of an ossicle from the side of the carapace,
showing a variety arising from an accessory peripheral tubercle, which

3p2
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forms an angular projection ; the ordinary number of peripheral tubereles
being seven.

Fig. 5. The external surface of a marginal ossicle from the lower border of
the carapace i which the peripheral tubercles are obliterated, and the
median eminence is developed into a thick pointed process.

Fig. 6. The external surface of a small portion of the bony carapace of the
Glyptedon ornatus, showing two complete ossicles.  (See No. 554.)

PLATE V.

Portions of the bony armour of different Glyptodons or extinet Gigantie Ar-

madillos : natural size.

fig. 1. The outer surface of a portion of the carapace of the Glyptodon re-
trewlates, in the component ossicles of which the central eminence is an-
cular in contour and of equal size with the marginal ones, which rarely
exceed six in number ; the whole exterior of the carapace, except, pro-
bably, at and near its margins, being impressed by channels in the form
of a net-work. (See Nos. 556 and 557.)

Fig. 2. A view of the fractured margin of two anchylosed ossicles of the
same carapace, showing its thickness.

Fig. 3. A portion of the carapace, including six component ossicles, of the
Cilyptodon tuberculatus. They are square-shaped, and their outer surface
1s divided into more numerous elevations, separated by narrower channels,
which intersect or unite with each other to formn a closer network than
in Celyptodon reticulatus : o is the uniting suture of the ossicles,

Fie. 4. The internal surface of the same |1urtim| of the carapace of the

Cilyptodon tubereulates.
Fig. 5. The sutural margin of three derwal ossicles of the Glyptodeon tubereu-
latus, showing the thickness of the carapace.

PLATE VL
The molar teeth of the lower jaw of the extinet gigantic marsupial Pachyderm
of Australia (Diprotodon australis) : natural size.
Fig. 1. An ideal outline of the first molar tooth, giving its size, as indicated
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by the socket in the specimen No. 1460 : the crown of this tooth may,
possibly, have presented a modibeation of form different from the rest,
and a further aflinity of the Diprotodon to the Kangaroo may prove to
be manifested by a more compressed and trenchant character of the
anterior molar,

Fig. 2. Side view, fig 3, grinding surface, of the second molar tooth. (See
Nos. 1491 and 1493.)

Fig. 3. Side view, fig. 3, grinding surface, of the third molar tooth. (See
Nos. 1492 and 1494.)

Fig. 4. Side view, fig. 4, grinding surface, of the fourth molar tooth. (See
No. 1495.)

Fig. 5. Side view, fiz. 5", grinding surface, of the crown of the fifth and
last molar tooth. The fractured surface of the anterior eminence shows
the thickness of the enamel. (See Nos. 1496 and 1497.) Fig. 5" shows
the posterior surface of the second transverse eminence and the wrinkled
and punctate surface of the enamel,

Fig. 6. Side view, fig. 6, grinding surface, of the last lower molar tooth of
the Tapirus americanus, showing the close similarity of the modifications
of the crown of this and the extinet Australian Diprotodon.

Fig. 7. The grinding surface of the last lower molar tooth of a large extinet
Kangaroo ( Macropus Titan).

In the genus Mecropus the crowns of the molar teeth support two principal
transverse eminences, as in the Zapir and Déprotodon, but they are connected
together by an obligue 'Imlgilmﬁnul ridge which crosses the ‘n.u”{}:r. and a similar
ridge connects the anterior transverse eminences with the anterior basal talon,

which in the present species is unusually developed.

PLATE VII.

Views of the anterior end of the right ramus of the lower jaw of the Dypro-

todon australis (see No. 1460.) : half the natural size.
Fig. 1. Outside view : ¢, fractured base of the incisive tusk ; e 1, the socket
of the first molar tooth; m 2, the second molar tooth; m 3, the third

molar tooth.
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Fig. 2. Alveolar border and fractured crowns of the second and third molar
teeth,m 2, m 3 1 &, the margin of the symphysis; 2, the tusk ; a 1, socket
of the first molar.

Fig. 3. Inside view; showing the form and extent of the symphysis, &, s.

iz, 4. Lower border of the same fragment : ¢, the tusk.

Fig, 5. Lower border of the posterior part of the ramus of the jaw of the

same species of Diprotodon (see No. 1461.); showing the inflected
angle at a.
Fig. 6. Outline of the transverse section of the incisive tusk of the Dipro-

todlon austrafis, showing the partial coating or enamel at e, e.

PLATE VIII.

Views of the right ramus of the lower jaw of the Nototherium inerme (see No.
1505,) : half the natural size®.

Fig. 1. Outside view ; with ideal outlines of the crowns of the four molar
teeth,

Fig, 2. Alveolar border,

Fig. 3. Inside view, showing the short symphysis and the rounded and in-
flected angle of the jaw.

Fig, 4. The fractured surface of the anch ylosed symphysis, showing the com-
pact osseous texture, and the absence of any socket for an incisive tusk,

Fig. 5. Outline of the crown of the last molar, natural size, showing the
thickness of the enamel and the divisions of the pulp-cavity which di-
vides and descends into the fangs.

PLATE IX.

Views of the posterior part of the left ramus of the lower jaw of the Noto-
therium Mitehelli (see No. 1506.) ; half the natural size.
Fig. 1. Outside view, with restored outlines of the penultimate and last molar
teeth,

# The specimen has been intentionally drawn unrveverserld upon the stone, in order that the figure
might print off as the left ramus, and so eorrespond and facilitate the comparison with Plate IX.
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Fig. 2. Alveolar border: e, the orifice of the dental canal.

Fig, 3. Iuside view: a, the inflected angle ; ¢, the orifice of the dental canal.

Fig. 4. Fractured surface of the ramus: e, dental canal; o, part of an
alveolus.

Fig. 5. Lower horder of the Jaw, shm\‘ing a, the inflected angle.

Fig. 6. Outline of the crown of the last molar tooth, natural size.

PLATE X.

Lig. 1. Upper view of the astragalus of, probably, a species of Nototherium
(see No. 1509.) : @, outer or fibular division of the upper articular sur-
face ; b, inner or tibial division ; e, seaphoid articular convexity conti-
nued from the tibial surface; o, rough depression, partially dividing
the tibial from the seaphoid surface.

F{g. 2. Under view of the same astragalus : e, flat ealcaneal surface; f, part
of the surface corresponding with a prominence on the os caleis ; g, de-
scending process of the articular surface corresponding with a depression
on the os caleis; ¢, scaphoidal convexity.

Fig. 3. Upper view of the astragalus of the Wombat.

Iig. 4. Lower view of ditto: the same letters indicate the same parts as in
the figures of the gigantic analogue of this singularly formed bone.

Fig. 5. Inside view of the os caleis of, probably, the Déprotodon australis
(See No. 1486.) : @, calcancal prominence for the attachment of the
tendo achillis; 4, an obtuse process from the inner and under part of the
bome ; 4, the tendinous groove on the inner side of the bone; e, the as-
tragalar articular surface ; &, the depressed portion of that surface corre-
sponding with the prominence, marked g, in Fig. 2,

Fig, 6. Qutside view of the same os caleis ; showing e, the tendinous perfo-
ration on the outer part of the base of the calcaneal process a; f, the
cuboidal concave articular surface.

Fig. 7. Upper surface of the same os calcis.

Fig. 8. Under surface of the same os caleis, showing the wide tendinous

eroove continued from the perforation.
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