
Memoir

on the

Cranium and Mandible of

Dinornis Ingens,

and on the Crania of

Dinornis Giganteus,

and of Species of

Palapteryx.

Four distinct generic types have been pointed out (pp. 151-184) of the cranial
organization of the wingless birds of New Zealand :

—
one referable to an existing genus

of Parrot (Nestor), peculiar to New Zealand ;a second to a bird most nearly allied to
the Purple Coots, but of a distinct genus (Notornis), represented by a species about
the size of a goose : the other two types belonged to much larger birds ; one, from its
nearer approach to the Apteryx and Emeu, was referred to the genus Palapteryx ; the
other, which differed in the structure of the back part of the cranium and in the
greater extent of the ossified portion of the bill,was referred to Dinornis proper.

The present memoir is chiefly devoted to the description of a still larger and more

complete skull than any previously described, which in the greater extent of its ossified
and deflected upper mandible approaches the Dinornis and deviates from the Palapteryx,
but in the structure of the back and under part of the cranium more resembles the
type referred to Palapteryx. In regard to its size, as compared with that cranium
described (p. 116) and figured inPl. XVI., and referred to the Dinornis struthioïdes, the
present cranium would, at least, merit reference by its size to the species called ingens,
the second in point of stature of those that have hitherto been found in the North Island
of New Zealand.
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The circumstances under which this at present unique specimen came into my hands
are as follows :

—
In March 1850 Iwas favoured by a letter from His Excellency Sir George Grey,

Governor-in-Chief of New Zealand, dated Auckland, November 29th, 1849, informing
me that he had been

"
able to procure a number of bones of birds, which were found

in a cave in the district which lies between the River Waikate and Mount Tongariro :
"

and intimating his liberal intention of transmitting them to me. They arrived soon

after : and in this collection, which included remains of various species of Dinornis and
Palapteryx, and the cranium of a Notornis, Ihad the extreme pleasure to find, with
several smaller crania, the remarkably fine specimen, with the bone of the upper man-

dible, which forms the subject of Pl. LII. The following are some of the dimensions

of this cranium :
—

The occipital region corresponds very closely with that of the cranium referred to
Dinornis struthioïdes (Pl. XVI.) and with that conjectured to show the characters of
Palapteryx geranoïdes (Pl. XLV.), repeating the distinctive characters pointed out at
p. 116, by which the large wingless birds of New Zealand differ from the Ostrich,
Emeu, Cassowary, and Rhea of the existing class.

The pedunculate occipital condyle (Pl. LII.fig. 1,1), the descending basioccipital,
the square basisphenoidal platform with its two posterior tuberous angles (ib. fig. 2, 1"),
the extremely broad, low superoccipital region (ib. fig. 1,3), with its inclination from
below upwards and forwards, and its subdivision into four depressions, are all well-
marked characters in the present skull. The border of the vertical occipital foramen
is rounded off, not sharply defined or grooved, as in the crania above-cited. The outer
superoccipital depression is separated from the temporal fossa by a smooth non-mus-

cular tract above the mastoid, of four lines in breadth, as in the cranium figured in
Pl. XVI. The temporal fossæ are separated from each other by a similar tract
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upon the parietals (Pl. LII.fig. 1,7) of one inch eight lines in breadth: this tract is
almost flat : two very shallow channels, four lines broad, diverge from the flat parietal
surface along the upper part of the skull close to the anterior border of the temporal
fossæ and terminate at the upper part of the much -developed and deflected postfrontal
(ib. 12). Between these shallow impressions the frontal region is slightly convex, but
it becomes a little concave at its anterior half, the middle of the fore-part of which is
impressed by a sharply-defined shallow channel for the reception of the cranial and
of the median branch of the coalesced premaxillaries. The large tympanic fossa, over-
arched by the mastoid (ib. fig. 2, 8), shows the single oblong deep cavity for the upper
condyle of the tympanic bone, with the pneumatic, jugular, and auditory foramina, and
the adjacent trigeminal one (ib. tr). An arterial canal is continued upwards from the
posterior aperture of the carotid canal, and grooves or notches the lower border of the
paroccipital. The antero-posterior extent of the temporal fossa (ib. fig. 2, 7, tr,12) is
one inch eight lines, indicating, with the depth of the same fossa, the great strength
of the temporal muscles of this bird. The median part of the roof of the orbit is
slightly convex towards that cavity : the lateral part becomes concave by the remarkable
downward production of the postfrontal. But, perhaps, the most extraordinary features
are the olfactory depressions on the under surface of the frontals, the dimensions of
which have already been given. The great extent of these depressions has been dwelt
on in previous memoirs as peculiarly characterizing the great wingless birds of New
Zealand, and itbecomes remarkably striking inthe present large cranium. The olfactory
foramen opens into the upper part of the posterior third of these cavities, and the
grooves which radiate from each foramen indicate the dispersion of the branches of
the nerve after its emergence from the cranium. One cannot avoid the inference
that the living bird must have been remarkable for its acuteness of smell. The
deep circular

'
sella turcica' has not increased in the same ratio: there is a special

depression at its back part above that which receives the orifices of the entocarotid
canals.

The upper and median branch of the premaxillary (ib. fig. 1, 22') slightly expands at its
flattened cranial end, but that part is broken away which would have filled the depression
on the frontal (ib. 22"). Allowingfor it according to the proportions of the cranium with
the entire lower jaw restored at Pl. XLV., the length of this skull would be about
eight inches. But the skullis much shorter inproportion toits breadth than in the exist-
ing large Struthious birds, or than in the Palapteryx described and figured inPl. XLV.
As the median branch of the premaxillary advances forwards, it decreases in breadth
and increases in thickness ; its outer margins become rounded, and it sends down
from the median line of its inferior surface a ridge (ib. fig.2,n), which divides the external
nostrils anteriorly, and which rapidly expanding, as it descends, becomes continued into
the broad palatal plate of the premaxillary. The back part of the base of the septum

presents a triangular depression, on each side of the base of which is a canal, which
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conducted vessels or nerves into the substance of the bone : the middle line of the
upper surface of the median branch of the premaxillary is impressed by a groove leading,
also, to a canal which enters the substance of the bone. Where this branch is confluent
with the body of the premaxillary, it slightly expands towards its anterior end, and a
deep and narrow groove divides it on each side from the body of the bone. This is
formed by a strong osseous mass curved downwards, with sharp lateral margins, and richly
perforated by vascular and nervous foramina. There is a slight median ridge along the

fore-part of the broad, moderately concave, palatal surface (ib. fig.3) :and there is a broad
shallow channel along each side of the same surface, with numerous large foramina
opening into it. The outer border of this groove is sharply defined. Only the anterior
border of the naso-palatine foramen is here preserved ; a canal is continued forwards
from it into the substance of the bone. The apex of the massive, broad, deflected pre-
maxillary seems to have been rather obtuse.

The chief difference which the skull under consideration presents as compared with
that figured inPl. XLV., is the greater relative extent of the osseous body of the
premaxillary, and of its downward curvature, in which it resembles in the same degree
the skull presumed to be of the Dinornis figured inPl. XLIII.

From the remarkable modifications of the back part of the cranial portion of that
skull, its generic distinction from the large skull under consideration is evident ; and
if we refer the present large cranium to the genus Dinornis, distinguished as it is by its
superior extent and curvature of the bony beak from the skull referred to Palapteryx,
then the stillmore remarkable skull figured in Pl. XLIII.might possibly belong to the
genus Aptornis, of which the equally remarkable bones of the legs have been described
and figured in a preceding Memoir (p. 185). It seems, however, to be too large for
those small metatarsi.

The skull of, perhaps, a larger species than the subject of the previous description, is
indicated by the hinder half of the cranium (Pl. LIII.figs. 1, 2 & 3), which, by the
persistency of the sutures, the absence of the superoccipital and temporal ridges, and
the smooth exterior of the bones, has belonged to a young individual of, itmay be, the
Dinornis giganteus. The occipital condyle (ib. fig.2, 1) is larger than in the older skull;
the elements of the occipital bone have coalesced : but the lambdoidal suture dividing
the superoccipital (3) from the parietals (7), the sagittal suture (s), and that dividing the
parietals (7) from the mastoids (8), and both these from the alisphenoids, remain. Not
any of these sutures are dentated ; they are more properly

'
harmonise': the sagittal is

the most irregular or wavy. The particular form of the cranial bones of the Dinornis is
indicated by these sutures.

The superoccipital (3), as in the skull last described, deviates most, by its great breadth
and small height, from that in other birds : the middle and major part of its anterior
margin is slightly convex, or subangular forwards, the outer parts notched for the recep-
tion of the posterior external angles of the parietals : yet, notwithstanding the little
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elevation of the superoccipitals, itreaches the level of the upper surface of the cranium,
owing to the flatness of the parietals : it slopes forwards at once from the upper border
of the foramen magnum. The broad paroccipitals (4) spread outwards and backwards,
and nearly attain the level of the upper surface of the cranium.

Each parietal terminates behind inan obtuse angle, which penetrates a corresponding
emargination in the superoccipital near its outer angle ; and it sends a rounded pro-
jection from its anterior border, near its outer angle, which enters a corresponding
emargination between the frontal and postfrontal. The outer part of the parietal
bends down, forms the bottom of the temporal fossa, and meets the alisphenoid near
the lower part of that fossa at a straight longitudinal suture. The tumid mastoid (8)
forms the outer and posterior angle of the upper surface of the skull, as in the Crocodile,

and is wedged between the parietal, superoccipital, alisphenoid, and tympanic bones,
for which latter bone it affords the major part of the glenoid cavity, The apophysary
part (8') of the mastoid descends vertically from its outer side for more than half an
inch, external and posterior to the tympanic ; the inner side of the base of the process is
perforated by the pneumatic foramen supplying air to the cancelli of the cranial walls.
In consequence of the non-obliteration of the sutures in the young bird, to which this
interesting cranial fragment has belonged, the right mastoid had become detached, ex-
posing the great breadth of its suture with the parietal and alisphenoid ; and the pneu-
matic foramen is exposed. The whole extent of the paroccipital process is preserved
on this side. The loss of the frontals and orbitosphenoids from the fragment of skull
inquestion shows the thickness of the cranial walls at the coronal suture (ib. fig. 3, r),

and exposes the cranial cavity, which is here divided into epencephalic, mesencephalic,
and prosencephalic chambers. The epencephalic division is entire, is excavated below
for the medulla oblongata, and above for the cerebellum, and is perforated behind by
the foramen magnum (fm). The mesencephalic division (0) consists of two small,

well-defined, hemispheric pits for the optic lobes, in front of the lower part of the
epencephalic chamber. The portion of the prosencephalic division (p) above and ex-
ternal to the depressions for the optic lobes is excavated in the alisphenoids and
parietals : the thick cancellous walls form a striking contrast to the general character
of the cranial parietes in birds. The deep subspherical sella turcica (t) sinks down
between the mesencephalic pits.

As compared with the cranium of other birds, and particularly with those of the
Ostrich and Emeu, the Dinornis and Palapteryx are remarkable for the forward produc-
tion and lateral expansion of the upper cranial walls. In the Ostrich, a vertical line
dropped from the point of union of the sagittal with the coronal sutures, would fall into
the interspace between the basioccipital and basisphenoid : in the Emeu the same line

falls behind the sella turcica ;but in the Dinornis, the same line falls in advance of the
sella turcica. In taking the greatest vertical diameter of the cranium of the Ostrich,

the points of the compass touch the middle of the frontal region, and the interspace be-
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tween the pterapophyses 1 of the sphenoid: the dimension is two inches fivelines. In the

Dinornis and Palapteryx, the lower point of the compass in this measurement touches

the narrow presphenoidal prolongation of the sphenoid, and the dimension does not

exceed two inches. As a result of this anterior production of the frontal, itoverhangs in

a peculiar degree the coalesced prefrontals which are excavated to form the wide cham-

bers of the olfactory capsules, and the upper walls of which chambers coalesce with the

overarching part of the frontal.
The cranium, Pl. LIII.fig. 6, exhibits in a remarkably perfect degree the three

transverse processes (4, 8, 12) of the three principal vertebrae of the skull, together with

the basisphenoidal platform and the pterapophyses (5') of the sphenoid. This appears

to be of the same species as the more mutilated cranium figured in Pl. XLVI.

figs. 4& 5. The paroccipitals (4) are less expanded relatively than in the Pal.

ingens, and are almost straight vertical plates. The apophysary part of the mastoid (8)

is also vertical, straight, and compressed from behind forwards with the outer border a

littleadvanced. Between this and the postfrontal intervenes a wide and deep temporal
fossa, much exceeding in its proportional size that of the Palapteryx figured inPl. XLV.
fig. 1. The postfrontal (12) is long, three-sided, and curves outwards, downwards and
backwards as low down as the mastoid. The pterapophyses (5') are shorter than in the
Ostrich or Emeu, and are depressed. The base of the alisphenoid swells out a little
above them.

The cranium, Pl.LIII.fig.5, is somewhat smaller than that of the Palapteryx figured
in Pl. XLV.; it more nearly corresponds in size with that figured in Pl. XLVI.
fig. 3, but it differs in the greater elevation of the frontal region, which is more marked
than in any skull of Dinornis or Palapteryx Ihave yet seen. This skull is of a mature
bird: all the cranial sutures are obliterated; and we learn from the specimen of the
young Dinornis, Pl. LIII.fig. 2, that, as in the Ostrich, this obliteration did not take
place in these wingless birds until they had nearly arrived at their full size.

The interorbital part of the skull is relatively narrower than in the Palapteryx
(Pl. XLV.): the temporal fossæ are relatively narrower than in the skull, Pl.LIII.fig. 6.
The occipital condyle is more sessile than in the larger species, and the occipital
foramen is less vertical, the plane sloping from above downwards and a little forwards.
The mastoid is shorter and more pointed, and the pneumatic hole is reduced to a very
small foramen behind its base. The interorbital septum is entire and thick ; a slender
compressed process (Pl.LIII.fig. 5, 14) is sent down from it just behind the large olfac-
tory fossa. The cranial end of the premaxillary, which is bifid as in the Ostrich, has
coalesced with the frontal; but they remain distinct from the subjacent prefrontals,
which have as usual coalesced together to form the cavities for the olfactory capsules.
The septum between these cavities is entire.

1Iuse this word instead of
'pterygoid processes,' as the latter term has been employed in Anthropotomy to

designate the independent bones, called
'
pterygoids,' which, inbirds, articulate with the pterapophyses.
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The skull, of which a vertical section is figured inPl. LIII.fig.4, appears to belong to
the same species as that figured in Pl. XLVI.fig. 5, and differs from those figured in
Pl. LIII.figs. 5 & 6 in the minor development of the mastoid and postfrontal processes.
The olfactory chambers (18) are deep, and the diameter of the single orifice penetrating
the upper and back part of the roof of each division of that cavity, indicates the large
size of the olfactory nerve. The outer and inner tables of the cranium are seen to be
divided by a diploë of air-cells about one and a half line thick ;but the extent of the
diploë varies much when seen in transverse section.

The epencephalic chamber (a, v,c) is remarkable for its size, rising to the highest level
of the prosencephalic one (p), and sinking much below it; the mesencephalic fossa (o)
is comparatively small. The transverse section across the broadest part of the cranium
shows that the prosencephalic cavity is far from being of corresponding breadth : a
considerable extent of diploë intervenes between that chamber and the base of the
postfrontal processes. The outer and inner tables unite without diploë above the
highest part of the upper longitudinal elevations of the cerebrum. The inner circum-
ference of the olfactory orifices is partially grooved.

In order to gain some idea of the size of the bird to which the largest cranium
belongs, Ihave compared the diameter of its foramen magnum with that of a lower
cervical vertebra and of a middle dorsal vertebra, both referable by their size to the
Dinornis giganteus, the same comparisons having previously been made in the skeleton
of the Ostrich.

Dinornis. Ostrich.
Lines. Lines.

Transverse diameter of the foramen magnum 9 6½
Transverse diameter of middle of spinal canal, lower cervical vertebra . 6½ 5
Transverse diameter of middle of spinal canal, dorsal vertebra .... 7 4½

From the above admeasurements and comparison we might be led to conclude that
the skull of the Dinornis yielding that of the foramen magnum belonged to a larger
species than the vertebræ ;but the size of these vertebræ forbids the supposition ; for
they are larger in proportion to the size of the skull compared, than in the Ostrich.
The canal for the spinal chord is, in fact, singularly small in proportion to the bulk of
the entire vertebra in Dinornis as compared with that in the Ostrich or other birds,

and forms, as has been pointed out at p. 99, one of the peculiarities of the large
wingless birds of New Zealand. The cervical vertebra, for example, with a spinal
canal six and a half lines wide, has a body of four inches in length ; whilst that of the
Ostrich with a spinal canal five lines in diameter has a body only two and a quarter

inches in length ; and the dorsal vertebra presents similar relations.
Lower jaw.—An almost entire lower jawof a Dinornis or Palapteryx, of rather smaller

size than the one of which a large portion is figured in Pl. XLV.figs. 6, 7, closely
accords with that portion as far as they can be compared : the symphysial end of the
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jaw is rounded and short, and impressed below by two parallel longitudinal grooves, sg.
Each ramus is slightly bent in a sigmoid flexure, concave below at the anterior half, con-

vex at the posterior one. The alveolar border is pierced by vascular grooves and fora-
mina at its anterior part, and obliquely levelled off to an edge behind. There is neither
coronoid process nor vacuity in the ramus of the jaw, but only a deep longitudinal
groove half an inch long, between the originally distinct 'angular' and 'surangular'
pieces, which groove is completely closed up on the inner side by the splenial piece :

in this respect the present lower jaw differs from that portion of a very large one

ascribed to the Dinornis in a preceding Memoir, p. 171, Pl. XLIII.figs. 1 &2.
The principal articular cavity is the large and deep one that occupies the major part of

the expansion at the articular end of the ramus : the second surface for the tympanic is a
very narrow strip along the outer border of the expansion, which slightly overhangs that
part of the ramus. The angle of the jaw is obtuse. From the proportions of this lower
jaw it appears that the ramus, as restored in fig. 1. Pl. XLV.,is about half an inch too
long, and the whole beak of the Palapteryx thus figured must be shortened to that extent.

Humerus.
—

As the number of importations of the remains of the large wingless birds
of New Zealand has progressively increased, the argument deduced from the absence
of any bones of the anterior extremity in the first large collection transmitted by the
Very Rev. Wm. Williams, has been gaining cumulative force, in proof of the extremely
insignificant size of those bones. But, in the collection of remains last transmitted to
me by Governor Grey, Ifound a fragment of a long bone, which Ibelieve to be the
proximal half of the humerus. It is three inches and a quarter in length, with an en-
larged oblong-ovate, convex articular end ; the shaft, at first three- sided, takes an oval
transverse section as it recedes, diminishing from the head, and shows a slight ridge on
one side, and a rough surface on the opposite for the attachment of small antagonizing
muscles. The only other bone in the Dinornis with which it is comparable is the
fibula ; but, in the present specimen, the head is too convex, and has not the lateral
concave articular surface which this fibula shows for the tibia. This small humerus
may belong to a large species of Dinornis or Palapteryx ;but to whatever sized species
it did belong, it is as devoid of those muscular crests and tuberosities indicative of
powers of flight, as the humerus of the Apteryx is.

Acranium of the Notornis in the collection transmitted by Governor Grey exhibits the
frontal portion which was deficient in the specimen described at p. 136 in a previous
Memoir, in which that genus and its affinities were defined.

The postfrontal processes equally divide the upper region of the skull from the super-
occipital ridge to the naso-premaxillary groove : that region is moderately convex : the
superorbital ridge is of about the same extent as the temporal ridge ; it is somewhat
irregular, is grooved posteriorly, and terminates anteriorly invery short antorbital pro-
cesses directed forwards. The coalesced frontals terminate anteriorly in a moderately
thick straight transverse border of nine lines' extent, overhanging the flat smooth plat-
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form formed by the coalesced prefrontals : from the outer border of this platform, a bony
plate descends and blends with the interorbital septum, half-way down, leaving an
interval between the septum and the upper part of the plate, through which the olfac-
tory nerves were continued. The posterior turbinals were attached to the fore-part of
these descending plates. The interorbital septum is perforated anterior to the common
outlet of the optic nerves, is deeply grooved at its upper part by the olfactory nerves,
and is formed below by the presphenoidal prolongation.

Inall other respects in which a comparison can be instituted with the less complete
cranium of the Notornis described in a previous Memoir, the present specimen agrees
with it: the part conjecturally restored inPl. XLVIII.is shown by the present specimen
to be correct as to extent.

The number of skulls of full-grown large terrestrial birds of New Zealand that have
now been described, clearly indicate at least four species, independently of the one with
the remarkable occiput, referred to Dinornis proper at p. 154, but more probably be-
longing to Aptornis, and also of that on which the genus Notornis was founded. The
rich development of the wingless family of birds, not in individual magnitude only,
but in the number of species, thus progressively receives additional illustration.
Owing, however, to the remains of these great birds reaching England for the most
part in a detached or disconnected state,

—
few portions of the skeleton of one and

the same bird having yet been discovered in juxtaposition, or so transmitted to this
country, and not any specimen, so far as Ican learn, having been found with the
head, —

the skull can only be restored to the other parts of the skeleton of species
already described, conjecturally ;and much remains to be done before such conjectures
can acquire a degree of certainty. That, however, which is mainly necessary to be
done, is to record with accuracy and depict with fidelity the several materials for the
reconstruction of these apparently extinct species of large wingless birds as they from
time to time reach this country : and the desired result willwithout doubt in time be
gained.
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Plate LII.

Fig. 1. Upper view of the cranium of a large species of Dinornis (?).

Fig. 2. Side view ofditto.
Fig. 3. Under view of the premaxillary bone of the same cranium.

Plate LIII.

Fig. 1. Back view of the mutilated cranium of the young of the Dinornis giganteus (?).
Fig. 2. Upper view of ditto.
Fig. 3. Front view of ditto, from which the frontal bones have been separated at the

coronal suture.

Fig. 4. Moiety of a vertically and longitudinally bisected cranium ofa Palapteryx (?).
a, Internal auditory foramina.
v, Foramen for the nervus vagus and a vein.
tr, Foramen for the third division of the trigeminal nerve.
c, Cerebellar fossa.

Allthese letters are in the epencephalic compartment of the cranium.
o, Mesencephalic compartment lodging the optic lobes : and below these

the third ventricle and its hypophysis.
p, The prosencephalic compartment.
(18), Olfactory chamber.

Fig. 5. Side view of the cranium of a Palapteryx (?).

Fig. 6. Base view of the cranium of another species of Palapteryx.
The letters and figures are explained in the text (pp. 205-213).
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