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Memoir
on the

Modifications of the Skull

in the

Genus Dinornis.

In the Memoir on the skeleton ofDinornis elephantopus, the skull is briefly noticed
(p. 233). Subsequent acquisitions of specimens of that part, in some respects more

complete, enable me to better appreciate its specific characters and to bring them out

by comparisons with those of the skull of Dinornis robustus, described pp. 151-169.
Ialso avail myself of these grounds to determine and elucidate the cranial characters
of some other species of Dinornis, as well as those of a seemingly dinornithoid gigantic
bird which, like Gastornis parisiensis, existed in our own part of Europe at a remote
tertiary period.

Skull ofDinornis elephantopus. (Plate LXXVII.)
The cranium ofDinornis elephantopus equals in length that of D. robustus 1,but is

inferior inbreadth and more convex both longitudinally and transversely, especially the
latter, at the interorbital region (fig. 3, 11). The entire skull of D. elephantopus is
shorter than that of D. robustus, by reason of the relatively shorter premaxillary and
mandibular bones.

The occipital condyle (Pl. LXXVILfigs. 2, 4, 1)is a hemispheroid with a small pro-
portion truncate above, from the middle of which surface a groove extends to the
centre ; its breadth is 4½ lines, its vertical diameter 4 lines.

The occipital foramen is in one skull subcircular, in others shield-shaped, as in the
second specimen of D. robustus (Pl. LV.fig. 2). The lower transverse superoccipital
ridge (Pl. LXXVII.fig. 2,2), which overhangs the foramen, subsides upon the exoc-
cipitals sooner than in D. robustus. The basioccipital descends proportionally lower to
itsbimammillate union (ib. figs. 2, 4, 1') withthe basisphenoid. There is one small precon-

1 Measured from the superoccipital protuberance to the premaxillary depression on the nasals; comp.
Pl.LXXVII.fig.1withPl.LXIV.fig. 1.
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dyloid foramen on each side the base of the peduncle of the condyle. The vagal (ib. v),
carotid (ib. c), and sympathetic canals have the same relative position as inD. robustus.
The superoccipital is much less broad and is more arched than inD. robustus; its
median vertical ridge (ib. fig. 2, 3) is less prominent in the present specimen, subsiding
halfway down towards the foramen magnum. The paroccipital ridge takes the same
course, but is not bent backward as inD. robustus; its lower angle (ib. fig. 2,4) is
divided by a notch from the carotid fossa. The paroccipital process is more con-
tracted toward its lower end. The basisphenoid resembles in shape that inD. robustus,
but the pterapophyses l (ib. fig. 4, 5') are relatively shorter; the oblique eustachian
grooves (ib. e) are well marked. There is a median venous foramen, in two skulls,
between the origins of the pterapophyses, in one skull accompanied by a groove
(ib. fig. 4,5).

The crenate transverse occipital ridge, answering to that marked dd, Pl.. XVI.
fig. 3, instead of two, shows three curves on each side of the median vertical ridge
(Pl.. LXXVII.fig. 2, 3), answering to as many insertions of nuchal muscles. In
advance of this ridge, upon the upper surface of the cranium (ib. fig. 3), is a second
transverse ridge (ib. 7), not parallel with the former, but with a greater bend convex
forward; it is formed in the same way, viz. by the rise of the outer surface in advance
of the depression for muscular insertion. This second ridge is from 5to7 or 8 lines
in advance of the first; it seems to correspond with the place of the lambdoidal suture
in the young bird, here and in other adult skulls quite obliterated.

The mastoid process (fig.1, 8) is as long as inDinornis robustus. The premastoid
(ib. 8') is a ridge produced into a short point ; the intervening concavity gives attach-
ment to the postcrotaphyte fascicule or muscle. A longitudinal ridge extends from
above the base of the mastoid, backward, overhanging somewhat the tympanic fossa,
and joining the outer margin of the paroccipital at a right angle ; to a ridge within this
border, part of the ear-drum was attached, and the ridge, before it subsides, indicates
the ecto- and entotympanic surfaces of the paroccipital (ib. 4). The tympanic cavity is
formed as described inD. robustus, as is also the articular cavity for the tympanic bone.
The characters of the

"
foramen ovale

"
and

"
prelacerate fissure," with its divisions into

the optic foramen and those for the fourth nerve, the anterior division of the fifth, and

the sixth nerve, are as inD. robustus. The right and left optic foramina are 7 lines
apart ;at the intervening space are the deep fossæ impressing the upper part of the sides
of the beginning of the presphenoid (fig. 4, 9) and confluent orbitosphenoids (ib. 10).

The temporal fossæ are well defined, are similar in shape to and quite as large as
those inDinornis robustus : the least interspace between their upper ridges is 2 inches ;
but this varies a little in different specimens. The posterior division of the temporal

1 Trans. Zool.Soc. vol. iii.p.351 (January 1848), and Osteol. Catal. Mus. Coll. of Surgeons, p. 303, no 1601;

my
"pterapophysis

"
is the "eminence particuliere qui provient du sphenoide" of the Legons d'Anat. Comp,,

cd. 1835, torn. iv.prem. partie, p. 111.
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fossa (Pl. LXXVII.fig. 1, 8 8') is smaller relatively to the anterior division (ib. 7) and

to the entire cranium than inD. robustus.
On the upper part of the cranium (ib. fig. 3) a rough surface extends forward from

the upper normal transverse occipital ridge for about half an inch at the mid line ; itis

defined by a slight elevation of the anterior, smoother upper intertemporal surface of

the cranium, simulating a second upper transverse ridge (7 ) as before described.
The postfrontal or postorbital processes (Pl. LXXVII.figs. 1-4, 12) are as broad as in

D. robustus, consequently are relatively broader inproportion to the orbits and skull in
D. elephantopus than inD. robustus : they are bent in their descent less obliquely back-

ward. Upon the under surface of the roof of the orbits there is a well-marked oval
depression, 3 lines in long diameter, posteriorly (ib. fig. 4, l), and a number of smaller
more irregular depressions and foramina anterior thereto.

The presphenoid (ib. fig. 4, 9) is compressed and is angular at the interorbital extent

of its under surface, instead of being convex as inDinornis robustus. The depression
above the base of the presphenoid and below the optic foramen is narrower than in
D.robustus. The posterior part of the

"
girdle

"
is not transverse to the axis of the

skull but is inclined from the mid line outward and forward ; and the presphenoid is
deeper as well as narrower below the

"
girdle."

The prefrontals (ib. figs. 1& 4, 14), anterior to the orbitosphenoids (ib. 10), and con-
tinuous therewith, diverge from their basal confluence with the presphenoid (ib. 9),
upward and outward; the part of their primitive blastema, interposed between the

olfactory capsules, retains its unossified state at the hinder part of those cavities, save
to the extent of one or two lines at the upper part, where a thin septal crest projects to
the same extent from the expanded layer of the prefrontal, coalesced with the anterior
wall of the cranium formed by the frontals and nasals. The posterior wall of the rhinal
cavity is perforated by numerous olfactory nerve-filaments so as to form a

"cribriform
plate" 1. At the fore part of the orbit the outer plate of the prefrontal bends downward,
outward, and forward toward the lacrymal (Pl. LXXVII.figs. 1&5, 73), with which it
forms the anterior wall of the orbit, chiefly convex thereto ; the inferior border of this
antorbital wallis continuous with the semicircular frame or

"
girdle" of bone 2 supporting

a thin subreticulate ossified part of the olfactory capsule, forming a concavity looking or
opening forward, and leaving a passage to the interorbital part of the olfactory cavity
between its convex surface and the median part of the prefrontal. This median part,
answering to the

"
lamina perpendicularis ethmoidei

"
ofanthropotomy, the partial ossi-

fication of which at the upper and back part of the olfactory chamber has already been
noticed, has undergone the ossifying process about half an inch in advance of the cribri-
form plate, for about an inch and a half along the base, which expands upon the fore
part of the presphenoid; contracting as it rises to form the thin bony septum, it

1 "This cribriformplate is a peculiarity in which Dinornis participates with Apteryx," ante, p. 164.
2
"

Cingulum olfactorium," ante, p.163, Pl. LXV.fig.1,g.
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expands superiorly, especially at the hinder part, forming the platform supporting the
nasals (ib. fig.5,15), and decreases vertically as itextends forward. The

"
girdle" divides

the part of the olfactory cavity, partially partitioned by the bony septum, from the
hinder expansion, where that septum is wanting. The undivided olfactory cavity
extends backward beneath the fore part of the cranial cavity as far as the back part of
the orbits. The outer layer of the prefrontal projects from beneath the angle between
the nasal and frontal, or lacrymal, very much in the ordinary position of the external
part of the prefrontal in Reptiles and Fishes.

The nasals (ib. figs. 1, 3, 5, 15) are confluent posteriorly with the frontals (ib. 11),
below with the upper expanded plates of the prefrontals (ib. fig. 5, 14), externally with
the lachrymals (ib. 73), and internally or mesially with each other as far as the prefrontal
confluence, in advance of which their median suture persists. The maxillary process
(ib. fig. 5, 15' )appears to be shorter, and the premaxillary part (ib. 15) longer and more
pointed than in Dinornis robustus. The smooth shallow depression (ib. fig. 3, 15) on
which the premaxillary glides is narrower than in D. robustus; the raised, usually
rough, surface external thereto contracts in breadth to near the pointed fore end of the
bone, the upper part of which is smooth.

The cranium is longer in proportion to its breadth than inD.robustus. The occipital
region is relatively of less extent vertically and transversely, and its middle part more
completely overhangs the basioccipital condyle. The transverse extent of the cranium
between the descending antorbital processes is markedly inferior inD. elephant opus, the
vertical extent at the mid line being somewhat greater than inD.robustus.

The tympanic (ib. fig. 1, 28) differs from that of Dinornis robustus (Pl.LXll.fig. 2, 28,

Pl. LXIII.figs. 2 &4) in the less-concave upper border of the orbital process (k) and in

the smaller cavity (h) for the squamosal.
The posterior articular surface of the squamosal presents a convexity at the back part

of the inner surface of the bone, fitting into the depression of the tympanic, and a con-

cavity in advance adapted to the convexity on the tympanic process in front of the

depression. The low obtuse ascending malar process to meet the postfrontal is better

defined than inD. robustus.
Perhaps the best and most recognizable distinction between Dinornis robustus and

D. elephantopus is in the not only absolutely but relatively smaller size of the mandi-
bular parts ofboth upper and lower jaws in the latter species. The beak was shorter,

more slender, and less obtusely terminated. The premaxillary with the most entire
nasal process inmy present series gives a total length of 3inches 3 lines (ib. fig.1, 22,22');
that process expands posteriorly to a breadth of 6 lines (ib. fig. 6) ; but in the largest
skull (belonging to the skeleton described invol. iv.) the nasal articular surface indi-

cates a rather broader process. As it advances the nasal branch loses breadth as it

gains in depth, and is impressed at its narrowest part by a longitudinal groove. The

lateral margins, as the branch contracts, bend downward and inward and meet to form
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the prenarial septum (ib. fig.1,s), from the free margin of which to the tip of the beak

measures 1inch 7 lines.
The rough punctate surface sheathed by the horny billpasses rather gradually behind

into the smooth septal plate. The maxillary branches (ib. figs. 1, 6, 22") diverge back-
ward at a more acute angle than in Dinornis robustus. The alveolar channel (ib. fig. 7)
is much narrower ; the intervening palatal tract is slightly concave without the median
ridge. From the tip to the palatal fissure measures, in one specimen, 1 inch 5 lines ;

from the tip to the end of the maxillary process is 2 inches 5 lines ; the breadth of the
palate there is1inch 7½ lines.

The symphysial or rostral end of the lower jaw (ib. figs. 8 &9) agrees with its homo-
type above in its smaller size, more slender and pointed proportions, as compared with
that inD. robustus. The outer median tract defined by the parallel grooves (fig. 8) is
10 lines in length by 3or 3½ lines inbreadth. The upper or inner smooth surface of
the symphysis (fig. 9) is deeper as well as narrower than inD. robustus.

Of the constituent elements of the mandible, the fore part of the splenial and the
hind branches of the dentary retain their distinctness ; the rest are welded together
with the usual indications of the longitudinal fissure and foramina of the primitive
separation.

The articular expansion of the mandible presents a narrow outer articular tract rising
longitudinally into an open angle, and a broader inner and anterior surface, deeply
concave transversely, almost level from before backwards, forming the anterior half of
the digital cavity or depression, the posterior half of which is non-articular, and, inone
specimen, is perforated by a small pneumatic foramen. The angle of the jaw is
obtusely rounded, and from it arise, diverging upon the back part of the ramus, two
obtuse ridges bounding a shallow transverse concavity; the outer ridge is most pro-
duced, especially at its termination.

The mandible, in proportion to the cranium, is relatively shorter, and of less vertical
thickness than inD. robustus.

Skull ofDinornis crassus. (Plate LXXVI.)
Inthe extensive collection of dinornithic remains from Euamoa, Middle Island, pur-

chased of Mr. Walter Mantell 1 in1846 by the Trustees of the British Museum, were
many skulls which could only be approximatively referred to their respective species
according to characters of size and proportion ;and it was not until my reconstruction
of the skeleton of D. elephantopus, described in vol. iv. of Trans. Zool.Soc. p.159, that,
besides the skull fitting the atlantal cup of the vertebral column of that skeleton, and
apparently of the same individual, Icould refer three other specimens 2 of more or less
mutilated crania, giving materials for the foregoing description, to the same species.

Other skulls, next in inferiority of size, seemed probably from their number to belong
1 Ante, p. 234. 2 Nos. 32200,32202,32205 of the 'R egister,' Geological Department, British Museum.
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to the species, D. crassus, of which many individuals were indicated by limb-bones
obtained from the same locality and deposit. Finally, in the collection recently
transmitted from Christchurch, Canterbury Settlement, Zew Zealand, by Dr.Haast, are
two skulls of corresponding dimensions and characters, one of which is referred by that
accomplished geologist (and, Ibelieve, rightly) to Dinornis crassus, of which species
series of limb-bones form part of the same collection, obtained from the swamp at
Glenmark, which has proved so prolific in evidences of these extinct gigantic birds.

With this confirmation Iproceed to add to the subjoined figures of the skull of
Dinornis crassus (Pl. LXXVI.)notes of the principal differences which it presents in
comparison with the skull ofD. elephant opus.

The skull ofDinornis crassus, besides its proportional difference of size, chiefly shown
in minor length, is distinguished from that of Dinornis elephantopus by a less-convex
calvarium, relatively narrower and deeper temporal fossae, and above all by shorter and
terminally broader and more obtusely rounded upper and lower mandibles.

Inbreadth of superoccipital surface (Pl. LXXVI.fig.4, dd) Dinornis crassus almost
equals D. elephantopus (Pl. LXXVII.fig. 2); but it has a sharper, more deeply
defined supplementary upper transverse superoccipital ridge (ib. fig. 2, 7), and this is
nearer to the normal (more or less wavy) upper transverse ridge (that, viz., which is

marked d d in fig. 4, and inPl. XVI.figs. 3, 4, Dinornis struthioides).
The occipital condyle and foramen (Pl.LXXVI.fig. 4, m) differ from those ofDinornis

elephantopus both insize and shape ;a larger proportion of the tubercle is truncate above.
The basioccipital descends more abruptly and relatively lower to the

"
platform," the

tuberosities forming the hinder angles of which are well produced but more ridged, less
mammilloid, than in Dinornis elephantopus or D. robustus. The sphenoidal platform
(ib. fig. 3, 5) is less deeply impressed, less constricted laterally, by the eustachian
grooves ; and its under surface is flatter, less irregular. The thick paroccipital border
of the tympanic fossa is subangular, with a superincumbent prominence connecting the
paroccipital (ib. fig.1, 4) with the mastoid (ib. 8), rather more marked than in Dinornis
elephantopus. The mastoid and the premastoid ridge and fossa retain the type of

D. elephantopus ;but the temporal fossa (ib. 7) has less than half the antero-posterior
breadth, with equal depth : a tract of from 2to 3 lines intervenes between the super-
occipital and temporal depressions (ib. fig. 2). The hind part of the postfrontal (ib.
fig.1, 12) is more deeply excavated by the temporal fossa, and thereby has a sharp
margin from the origin of the process, that margin being thick and obtusely rounded
as inDinornis elephantopus. The antero-inferior boundary-ridge of the temporal fossa
is continued from the underside, not the hinder part, of the base of the postfrontal.
There is every sign of the vigorous action of the temporal muscles, although they were
relatively smaller, and absolutely much smaller, than inDinornis elephantopus. The
orbit is not much less than in that larger species. In one skull of Dinornis crassus the
presphenoid is more carinate than in another.
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The premaxillary (Pl.LXXVI.figs.l,2, 3,22), withthe best-preserved nasal process (22'),

gives a total length therealong, in a straight line, of 2 inches 7 lines, the length of the

process from the point of bifurcation (or the back part of the prenarial septum) being

1inch 6 lines. The rostral part of the bone contracts behind, rather gradually, to form

that septum (ib. fig.1, s), which is much narrower, or less produced backward, than in

Dinornis elephantopus. The mid tract of the rostral part (ib. fig. 2, 22), defined by the

pair of grooves, is broader and flatter than inDinornis elephantopus. The sides slope

from the grooves less vertically to the alveolar margin ; and the end of the beak is more

obtusely rounded : it is broader, flatter, and shorter than inDinornis elephant opus. The

palatal surface of the premaxillary (ib. fig. 3, 22) presents a gentle concavity, without

median ridge or groove ; and the bony roof of that part of the mouth is continued entire

further back inrelation to the prenarial septum.
The palatal part of the maxillary (ib. 21') is gently convex from side to side, and sends

back a short three-sided process for the articulation or attachment of the fore end of

the palatine (ib. 20).
Two of the skulls of Dinornis crassus, from the morass at Euamoa, in the Walter-

Mantellian series, had fortunately been packed up with the fine dark mud dried and

hardened about them. On carefully picking this matrix away from the palatal surface
Iexposed a pair of long, rather narrow, and slightly bent plates of bone (ib. fig. 3, 13),
with their concave side applied to the presphenoidal rostrum (ib. 9), which they under-
lapped by their anterior third part, where their median edges come into contact. On
being freed from the matrix, these laminæ fell apart : andIdo not think that any con-
fluence here of the pair of plates was ruptured in their exposure ; but the delicacy and
extreme fragility of the plates may leave this an open question at present. Idoubt
whether the entire length of either plate is shown, as, in the skull presenting them, the
upper mandible and the fore part of the presphenoidal rostrum has been broken off.
Of that on the right side a length of 1inch 9 lines is preserved, of the left lamina
1 inch 6 lines. Both begin, behind, by an obtuse narrow end, and, converging, quickly
expand to a breadth of 4 lines, which is retained for the course of an inch, when the
lamella gradually narrows, and at their anterior divergence more quickly, to a point.
The inner concavity and the outer convexity, which are moderate, rule in the transverse
direction of the plate. Lengthwise the plate posteriorly is slightly concave, and then
more slightly convex, where the plates converge anteriorly. The lower margin is
straight, the upper and outer one convex in the degree of the expansion of the plate.
These lamellæ (Pl.LXXVI.fig.3, 13) are homologous with the pair, confluent anteriorly,
and underlapping the rostrum in the Emu (Dromaius ater), determined (inmy Second
Memoir on Dinornis, 1846) as the vomer, and figured, with its symbolic number (13) in
Pl. XXXI.fig. 2.

On the right side of the palate in the skull of Dinornis crassus with the divided
vomer Ifound a more sinuously bent plate of bone in contact at its fore and inner
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surface with the hind end of the vomerine plate, extending some way forward parallel
therewith, and continued backward, beyond the vomer, diverging, with gain of thick-
ness and loss of breadth, to abut against the pterygoid facet of the tympanic. This bone
(ib. fig. 3, 24) is the

"
pterygoid." External and superior to it was the hind end of the

palatine (ib. 20), which there has a breadth of 5½ lines, the inner angle of which is
rather thickened where it touched the vomer. From the outer, thinner and sharper
angle the margin of the plate, which is the lower and outer one, is straight, slightly
thickened, and, after advancing for one inch, expands, becoming again lamelliform.
This end, however, is not entire, and seems to have been broken away from some
attachment. The hind plate, which, after a slight transverse convexity from the hinder
and outer angle, bends upward and inward, expands to a breadth of 7 lines at a distance
of 9lines from the hinder and inner angle ;it then contracts with a thin wavy border to
the fore end of the outer thicker border, which is there as it were twisted inward upon
or beneath it. The entire plate then shows a twofold sinuous disposition with the con-
cavity of the major part turned downward and inward. Itbounds the inner, posterior
or palatal nostril, and is homologous with the palatine (20, fig. 2, Emu, Pl. XXXI.).

In the second skull of Dinornis crassus, yielding evidence of palatal structure, the
palatals were found with the anterior, expanded, inwardly twisted end of the straight
outer tract in contact with the palatal plate of the maxillary. This plate (ib. fig.3, 21'),
in form and proportion resembling that in Dinornis robustus (Pl. LXV.fig.1, 21

')
together with the attached portion of the body of the maxillary, had been slightly dis-
placed on both sides by a superincumbent pressure of matrix, the skull seeming to have
rested on the calvarium, palate upwards. No trace of the delicate vomerine plates had

been preserved in this skull. But, together with the tympanic, pressed forward to the
horizontal position, with the mastoid condyle slightly dislocated, there was exposed in
the space between the orbital process of the tympanic and the pterapophysis of the
basisphenoid, extending obliquely inward between the hind part of the palatine and

the base of the presphenoid, the pterygoid bone, corresponding in shape with that
above described. This bone had its thick, narrow, subtrihedral end directed toward

the pterygoid articular facet of the tympanic, and its lamellate fore end joining both
vomer and palatine. Retaining its attachment to the tympanic on the left side, where
that bone has been pressed more outward than on the right, the pterygoid has been
dragged away from its anterior connexions, and lies above and to the outside of the
left palatine.

Inthe general proportions and connexions of the above-described bones, readjusted
as nearly as their condition permitted in their natural places, as inPl. LXXVI.fig. 3,
they defined the posterior nostrils (palato-nares) and the pterapophysial vacuities (those
between the rostrum and pterygoids bounded behind by the pterapophyses), in form
and extent most nearly corresponding with that part of the skull in the Apteryx (Pl. VII.
fig. 2). The two moieties of the vomer are in contact beneath the rostrum for nearly
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the same relative extent in Apteryx as in Dinornis; and the confluent anterior part of

the vomerine lamellæ in Apteryx probably indicates the true condition of the vomer in

Dinornis. In Dromaius the non-united halves of the vomer diverge posteriorly in a

greater degree than in Apteryx or Dinornis, exposing a greater proportion of the

rostrum. The obliquely and mesially concave palatal plates converge anteriorly, not so

much or so soon in Dinornis as inApteryx, but more quickly than in Dromaius, defining

more completely a smaller pair of bony palato-nares. It is most probable that the

detached representatives of "palatines" worked out of the matrix, in the first speci-

men, were the parts broken away from the anchylosed union of those bones with the

palatal plates of the maxillary anteriorly, and with the pterygoids behind.

In Struthio, Rhea, and Casuarius the pterygoid coalesces with the palatine earlier

than it does in Dromaius. A greater proportion of the vomer is cleft posteriorly in

Dromaius than in Rhea. Upon the whole Dromaius, among the larger existing Stru-
thionidæ, makes the nearest approach in palatal structure to Dinornis and Apteryx.
This closer affinity is shown in the form of the basioccipito-sphenoidal tract and its

relation to the pterapophyses. InRhea, which, after Dromaius, comes next in palatal
conformity, the tract in question sinks abruptly below the level of the pterapophyses,
which seem to diverge at almost a right angle from the base itself of the rostrum.

In Dromaius the pterapophyses diverge from the fore part of the tract itself, which
is on the same level with the back part of the tract, and, as in Dinornis, only distin-
guished therefrom by the lateral constrictions or grooves due to the pressure of the
Eustachian tubes.

The appreciation of the near affinities, among Struthionidæ, of Dromaius to Dinornis
and Apteryx led me to select the skull of the Emu to illustrate that of the Moa inmy
first attempts to restore that complex and instructive part of the skeleton of the huge
extinct New-Zealand apterous birds 1.

The results of the above exposition of palatal structure in the skulls of Dinornis
crassus have enabled me to restore, from cranial fragments in the Walter-Mantellian
series, not only the pterygoids and portions of the palatines of Dinornis crassus, but
also those of the Dinornis ingens as figured inPl. LXXXII.fig. 3.

InDinornis crassus the malar process of the maxillary (Pl. LXXVI.fig.1, 21), the
malar (ib. 26), and squamosal (ib. 27) have coalesced into a styliform zygoma 2 inches
2 lines in length. The malar rises as a low, obtuse ridge toward the postfrontal ; the
squamosal has a rough elliptic surface at the inner side of its hinder end, which pro-
jects inward to an obtuse point effecting the

"
gomphosis" with the tympanic (28). This

bone (Pl. LXXVI.figs. 5 & 6), in relation to the shorter mandible, is relatively as well
as absolutely smaller than in Dinornis elephantopus ; the orbital process (k) is more
triangular, has a broader base than in Dinornis elephantopus: this process is more

1 Most of the notable modifications of the palate and pterygo-palatine arches have since been figuredbyEyton
in the rich storehouse of the bony structures of birds, entitled 'Osteologia Avium,' 4to, London, 1864-67.
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produced, with a narrower base, in D. robustus (Pl. LXIII.fig. 2, k). The pterygoid
and pterapophysial (pt) articular surfaces are well marked.

The mandible (Pl. LXXVI.fig.1, 29, 32, and figs. 7, 8, 9), nearly 5 inches in length,
has a more irregular upper border than in most Moas, owing to the deeper emargina-
tion between the coronoid process of the surangular (29') and the alveolar border of the
dentary (32'). The posterior triangular fossa is deeper and better-defined than inDinornis
elephantopus ; its upper and outer angle is more produced ; the expanded articular part
is longer in proportion to its breadth. But the chief and most recognizable modifica-
tion is at the rostral or symphysial end (figs. 8, 9), which is more expanded, more
obtuse, and shallower above (fig. 9) than in D. elephantopus —conforming in shape to

that of the premaxillary.

Skull of Dinornis rheïdes, Ow. (Plate LXXV.)
Withthe sternum and limb-bones of Dinornis rheïdes, inthe collection of H.Sumpter,

Esq., of which the former bone is described, pp. 255-258, there was a cranium and
mandible proportionate in size. In the collection of Moa-remains brought by Mr.
Walter Mantell from Ruamoa there were, with limb-bone evidences of Dinornis rheïdes,
two skulls, more or less entire, which so clearly agree with that above-mentioned that
Irefer them to the same species; and this species Ibelieve, on this evidence, to be
D.rheïdes.

The cranium is narrower in proportion to its length than inD. crassus. The super-
occipital so projects at its midpart as to conceal the condyle from view, looking
directly upon the calvarium : comp. Pl.LXXV.fig.3, withPl. LXII.fig.1, D.robustus.
From this structure the plane of the occipital foramen (Pl. LXXV.fig. 2, m) is less
vertical, inclining from above downward and a little forward to the condyle. From the
prominent upper border of the foramen the superoccipital plane inclines from below,
upward and forward, at an angle of 50° with the basi-presphenoidal axis. If the
occipital plane be understood as the hind wall or face of the skull from the basioccipital
mammillæ (ib. 1') to the superoccipital crest (ib. 3), such plane lies nearly at a right angle
with the basi-presphenoidal axis. But in the present and some other dinornithine
skulls itdescribes a convex curve vertically, of which the upper border of the foramen
magnum is the most prominent part (ib. fig.1,43 7). The basicranial axis is usually
understood to traverse the lower border of the occipital foramen, and it would then be
out of the parallel of that of the basi-presphenoidal tract or axis.

The occipital condyle forms rather more than half a hemisphere, truncate above, from
the mid part of which a slight depression or dimple extends toward the middle of the
condyle. The crenate ridge (3) and the more advanced upper transverse superoccipital

ridge (fig. 3, 7) are approximate ; both the mid vertical and transverse ridges of the
superoccipital are less strongly marked than in D. crassus, D. elephantopus, and D. ro-
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bustus. With other smaller kinds of Moa, D.rheïdes exemplifies the less-mature age of

the larger kinds in the minor indications of muscular force. The paroccipital part of

the occipital surface bulges rather more abruptly outward and backward than in the

larger crania above described, leaving a correspondingly deeper depression between that

part (Pl. LXXV.figs. 2, 3, &4, 4 )and the superoccipital tract (ib. 3). The masto-paroc-

cipital wall of the tympanic chamber (ib.figs.1&4, 4, 8) has a less angular, more arched,

border than inD.crassus. The basioccipital mammilloid tuberosities (Pl.LXXV.figs. 2

&4,1' 1') are less prominent. The posterior walls of the Eustachian canals (fig. 4, e) in

one skull of Dinornis rheïdes are continuous, appearing to define the basioccipital from

the basisphenoid, with a median emargination ;but this is less marked in the two other

crania of the same species. All show, more or less strongly, the remnant of the basi-

sphenoidal mid vertical canal between the bases of the pterapophyses (5').
The alisphenoid (fig. 4,6) swells out into an oblong tuberosity below the "oval

hole
"
;a deep notch, with a small venous perforation, divides the swelling from the

pterapophyses (5' ). The tuberosities are more prominent in Dinornis rheïdes than in
D. elephantopus or D. crassus 1; they correspond with the mesencephalic fossæ, but are

pneumatic, and due exclusively to the outer table and subjacent diploë.
The orbitosphenoids (ib. 10) are as unmistakably indicated (in birds) by their

essential characters as transmitters of the optic nerves, as are the alisphenoids by the
oval foramina ;no separate ossification of the descending orbital plate of the frontal
in a young Grouse, or Goose, or other bird could be mistaken for an orbitosphenoid
by any anatomist, save one constitutionally incompetent to appreciate or comprehend
the grounds upon which true homology is determinable.

The presphenoid (fig. 4, 9) rostral in shape, as in all birds and most mammals, is of
great length, as in other Dinornithes and the Struthionidm generally ; itis compressed
behind its mid part, and again expands to a breadth equalling that of its hind part in
D. rheïdes : the under surface is subcarinate where compressed, transversely convex
where expanded ; it terminates as usual, in a point. At its base it is confluent, above,
with the orbito-sphenoids, and in advance of these with the prefrontals ; the line of
confluence with the latter extends outward in the form of a shelf, or transversely hori-
zontal plate, with an obtuse terminal angle on each side (9");on this plate rests the
olfactory hoop (cingulum olfactorium).

The prefrontals retain the characters of those in the previously described species,
making no show (as they do inStruthionidæ 2)upon the upper surface of the cranium.
The confluence of the nasals with the frontals, prefrontals, and lachrymals is very com-
plete ; the cleft between the nasals (fig. 3, 15) persists anteriorly.

Both nasals and frontals were unfortunately wanting in that instructive portion of
the cranium of the young Gigantic Dinornis figured inPl. LIII.figs. 1, 2, 3. Ihave

1 They are stillmore prominent inD. gravis, to be afterwards described.
2Pl. XXXI.fig. 1, 14 (Dromaius).
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found the nasal confluent with the frontals in all other specimens of skulls of more or
less adult birds ; they are planed off, as it were, above, to let in the nasal process of the
premaxillary. Such depressed articular surface (Pl. LXXV.fig. 3, 15) does not reach
further back than the transverse parallel of the lachrymal part of the orbits.

The prosencephalic part of the cranial cavity makes a prominence above the general
level of the calvarium. The postfrontal (ib. fig.1, 12) is nearly vertical. The temporal
fossa is narrow antero-posteriorly compared with that in Dinornis elephant opus, but is
relatively wider than in D. crassus : a postcrotaphyte fossa is defined by a short, pre-
mastoid, pointed process 1. The mastoid process (fig. 1,8) is long, subcompressed from
before backward, and pointed.

The rostral part of the premaxillary (ib.22) is relatively longer than inD. crassus or
D. elephant opus, shorter than inD. robustus ;itis minutely perforated, showing a cork-
like surface ;that of the nasal process (22') resumes the usual smoothness, as does the
premaxillary part of the internarial septum (s). The premaxillary is more suddenly
pinched in, as it were, laterally, to form this septum, than in any of the above species .
its fore-and-aft extent is two-fifths that of the premaxillary prior to its trifurcation. The
entire portion of the bone forming the end of the upper mandible is slightly deflected,
and terminates subacutely. The upper median tract is defined by a well-marked,
though shallow and narrow, groove on each side, ending about four lines from the apex.

The palatal surface shows a low, narrow or linear median ridge, and two wider marginal
or alveolar grooves; between these grooves the surface is transversely concave at the
middle, and convex on each side. At about an inch from the apex the mid ridge sub-
sides, and the bifurcation of the palato-maxillary processes begins ; the fissure is rela-
tively longer and narrower than inDinornis robustus. The narrow base, or beginning,
of the nasal process (fig.1, 22') shows a linear mid furrow on its upper surface, which
disappears as the process flattens and expands ; the under surface of the process shows
a low mid ridge, against which the margins seem to be bent or folded inward to form
the front part of the internarial septum. The hind free concave margin of this septum

shows the fissure left between the inflected laminae, which diverge below to form the

upper surface or layer of the palatal part of the premaxillary. At the place of diver-
gence, above the lower palatal layer, are the mid fossa and two lateral nervo-vascular

canals conveying the trunks of the many ramifications which emerge at the perforations
of the cork-like outer surface to constitute (or help thereto) the periosteal formative
bed of the upper horny mandible.

The maxillary is broadest anteriorly, where it sends inward from its lower part the

contribution to the roof of the mouth called
"palatal plate or process of the maxillary,"

answering to the same processes in the Crocodile and in Mammals. The upper plate
of this fore part of the bone swells into an oblong convex dome, roofing a sinus

1 The homologue of the ridge bisecting the temporal fossa, and produced beyond the ordinary mastoid in

Aptornis (Pl. XLIII.figs. 1, 8').
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answering to the
"maxillary" one or

"
antrum "1inMammals, with a small subtriangular

aperture posteriorly, which looks backward and downward: the longest diameter of

this aperture is 4 lines ; the sinus is elsewhere closed : its length is 1inch 2 lines, its

height 8 lines, and its breadth the same. The inner wall developes a slightly arched

ridge, which abuts upon the presphenoid below the rhinal plate or "shelf" (fig. 4, 9').
The outer side or wall of the antrum is impressed lengthwise by the termination of

the alveolar branch of the premaxillary (fig. 1, 22"): the palatal plate of the maxillary,
forming the floor of the antrum, is underlapped anteriorly by the palatal plate of the
premaxillary, and abuts by its median margin upon the fore part of the vomer. The
maxillary or descending branch of the nasal, with the contiguous part of the rhinal cap-
sule, articulates with the outer and back part of the antrum. Below this, and external
to the antral orifice, the maxillary contracts to the slender subtrihedral bar passing
backward and outward to coalesce with the slender malar (fig. 1, 26). The under facet of
the maxillary is impressed with the backward prolongation of the alveolar channel.

Thus the maxillary manifests its true nature and homology with the bone so called in
the Mammal, in the clearest and most unmistakable manner inDinornis. Inallbirds
it retains the more essential and constant characters of 21 in Mammals and Reptiles.
It continues backward the roof of the mouth from the premaxillary palatal process ;

itcontinues backward the alveolar process or border, from that grooved border of the
premaxillary ; it sends off the zygomatic process, to which the malar articulates, such
part of this malar, prior to anchylosis, being overlapped, as is usual, by the maxillary,
as the malar itself is overlapped by the zygomatic part of the squamosal.

Accordingly our great masters inComparative Osteology (Cuvier 2,Meckel, Geoffroy

St.-Hilaire) have unhesitatingly recognized the nature of this bone, which only one
prone to mystify what is clear, and to complicate what is simple and plain, could have
persuaded himself to contradict by "vicarious" fancies 3. The usual extreme ornithic
modification of the bone is manifested in D. rheïdes as in D. robustus (Pl. LXV.
fig. 1, 2121'). The malar (26), with which it has coalesced, is remarkable inD. rheïdes
(at least Ihave not found the character in the larger dinornithic crania with the

1 The corresponding part of the maxillary is described inDinornis robustus as
"

an oblong, bony, pneumatic
capsule, 2 inches in length and 1inch 3 lines inbreadth, flattened below," &c. (ante, p. 156).

2
"

L'os jugal reunit, comme dans les mammiferes, les parties laterales du crane a la face, par le temporo-
articulaire [my "squamosal"], et le sus-maxillaire se joint a ces deux os par une articulation serree, gui les
force de suivre ses mouvements en avant et en arriere. Les os palatins ont une articulation a peu pres fixe ou
tres-mobile avec les os sus-maxillaires," &c. (Legons d'Anat. Comp. cd. 1835, torn. iv.p.112). Cuvier's

"
sus-

maxillaire"is my "maxillary";his "sous-maxillaire"Icall "mandible."
3 The "maxillary" is,or rather was, the "prevomer" ofParker, who callsit"the splint-bone which is vicarious

of the maxillary in the Bird-class" (Trans. Zool. Soc. vol.v.p. 233). His rectification of opinion (Trans. Zool.
Soc. vol. vi.p. 502) is based on a distinct ground for the acceptance of homology, viz."authority." Itis in
his case a praiseworthy ground, and needs onlya choice of the proper one to lead him to a true view of other
particulars of the osteology of birds in which he has gone astray.
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zygomatic arch) by the extent of the process sent upward to meet the descending post-
frontal (12).

The tympanic bone (figs. 9,10) shows the single mastoid condyle (e) as inD. robustus,

D.crassus, and probably all Dinornithes : itis here divided by a low mid-linear ridge at
the fore part; and the divisions very slightly project behind, on each side a shallow mid
depression. The stem is subcompressed obliquely from before backward, the hind
surface inclining rather outward ;both outer and inner sides converge to a sharp concave
posterior margin, the stem becoming thus three-sided with the anterior surface narrower
than the outer and inner ones. The latter shows a subcircular pneumatic foramen
(fig. 10) inch below the condyle, and not situated in so large and definite a depression
as in D.robustus (loc. cit. pl. 54. fig. 2,g). The posterior margin shows part of the
groove and ridge for the attachment of the tympanic membrane. The orbital process (k)
shows the facet (ps) for the pterapophysis, but not supported on so well-marked a pro-
minence as in the larger species of Dinornis. The surface for the pterygoid is at the
fore part of the inner convex condyle (i)for the mandible. The two mandibular surfaces,

postconcave and preconvex, are similar to those shown in pl. 54. fig. 3, h i, tom. cit.
External to the mandibular process is the usual subhemispherical cavity (fig. 9, h) for
the squamosal (fig. 8, 27).

The mandibular rami coalesce, as in other Dinornithes, by a short symphysis sloping
from above downward and backward (Pl.LXXV.fig.5). Each ramus describes a gentle
sigmoid curve, best marked at the lower border, which is convex at the hinder, concave

at the fore half of the mandible (ib. fig. 1, 29-32).
The back part of each ramus forms an expanded triangular surface (Pl. LXXV.

fig. 6, 29), deeply concave from the outer to near the inner side, which is formed by a

narrow, vertical, convex tract ; the vertical ridge or plate of bone extending forward from

this tract divides the concavity (fig.7, 29) for the insertion of the pterygoid muscles from

the interarticular depression (fig. 5, i). At the fore part of this depression is the trans-

versely concave facet for the convex lower condyle of the tympanic. The plate of bone
extending forward from the outer side of the mandibular base expands and forms along
its upper part the oblong articular surface (fig. 5,i) adapted to the outer and lower

condyle of the tympanic. The inner plate, which is sharp above, subsides at the fore

part of the fossa (b); the surangular part of the ramus (fig. 7, 29) is continued from
the outer articular surface. The angular piece (fig. 1, 30), smooth and broadly convex

posteriorly, rapidly contracts to a vertical lamella, which is excavated at the outer part

of its anterior half for reception of the lower division of the dentary (32), along which

it is continued internally as a flat thin lamella, below and parallel with the splenial

(figs. 1&7, 3i), and terminating in a point about an inch from the fore end of the

mandible. The surangular (29), coalescing or connate posteriorly, like the angular (30),

with the articular element, bounds the outer ramal depression above and terminates

forward by penetrating the upper division (32') of the dentary, with which it thus unites
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as by a species of gomphosis. The splenial (fig. 7, 31), conversely with its condition in

Alca impennis and many other birds, has coalesced posteriorly with the angular and

surangular, and terminates in a free point anteriorly, being lodged, behind, between the

angular and surangular, where it closes internally their interspace, and anteriorly

between the two divisions of the dentary. Of these the lower (figs. 1&7,32"), as in

D. robustus and D. crassus, is longer than the upper one.

The outer surface of the unbranched part of the dentary and the symphysial part

determining the contour of the lower mandible repeat pretty closely the characters

described and figured in D.robustus. The alveolar groove (fig. 5, b) is narrow and

multiperforate.
The length of the cranial cavity is 2 inches, its extreme breadth (across the hind

third of the prosencephalon) is 1inch 8 lines, its extreme height (behind the sella near

the fore part of the epencephalon) is 1inch 2 lines ; and these admeasurements give
almost accurately the dimensions of the brain in a bird which, weight for weight,
equalled or surpassed the Rhea americana. The cavity is nearly equally divided length-
wise between the ep- and pros-encephala. Alow tentorial ridge forms the boundary,
arching from above, vertically, along the side walls of the cavity, interrupted at the fore

part of the petrosal sinus, and subsiding on the floor of the cavity, after bounding
anteriorly the triangular depression for the optic lobe. From the lower and back part

of this depression is continued the canal for the main part of the trigeminal nerve

(foramen ovale) traversing and determining the alisphenoid neurapophysis. The upper

semicircular canal bounds below and gives the arched curve to the petrosal sinus. The
roof of the epencephalic chamber is less arched from before backward than in most
birds, owing to the hinder position and almost vertically of the foramen magnum and

to the degree in which the superoccipital inclines forward to join the parietals. The
tentorial ridge shows no trace of the tumid swelling which characterizes itin the Didus
ineptus 1. At the lower lateral part of the epencephalic wall is the multiperforate
shallow depression receiving the acoustic nerve. Behind this is the canal for the vagal
nerve and entojugular vein: below this opens the small precondyloid foramen. The
prosencephalic chamber has its side and upper walls divided by a long, low, smooth,
broad rising, which arches, from the tentorial ridge above the fore part of the petrosal
sinus, obliquely forward and a little downward, subdividing at the rhinencephalic
chamber : it indicates a corresponding longitudinal furrow of the cerebral hemisphere.

Inall Dinornithes, and in the ratio of their size, the walls of the cranial cavity are
thick, mainly through the abundance of largely cellular diploë interposed between the
thin and compact outer

"
table

"
and the thicker compact inner table of such walls.

This is shown in the section of the cranium figured in Pl. LIII.fig. 4, also in the
specimen with the outer table of the calvarium removed, inPl. XLIV.fig. 6,and in the
specimen with the outer table removed from the basis cranii, ib. fig. 5. The thickness

1 Owen, Memoir on the Dodo, Zool. Trans, vol.vi. p.71, pl. 23. fig.1,o.
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of the cranial walls is strikingly shown at the lines of suture, or rather
"harmonia," of

the cranial bones in the skull of a young individual of Dinornis giganteus (Pl. LIII.
fig. 3, r), in which the extension of the compact table from the outer to the inner
surface of the cranial bone is shown along the harmonial surface : such continuous
plate becomes absorbed after the confluence of the cranial bones is completed ; and the
diploë then gives free and uninterrupted passage to the air through the thick walls of
the skull. Consequently the inner table alone is moulded upon the brain, the most
prominent upper parts of which (at the prosencephalon), though sometimes obliterating
the diploë, as ispartially the case inDinornis rheïdes, rarely (as in that species) pushes the
outer table above its level so as to indicate the whereabouts of the cerebral hemispheres.
The breadth as well as length of the fronto-nasal roof of the skull (Pl.LXXV.fig.3, n)
anterior to the prosencephalic risings (if these happen to be marked) are characteristic
features of Dinornis ; and Imay add that, among other distinctive characters noted in
former Memoirs, Dinornis differs from the Struthionidæ in the upper expansion of the
coalesced prefrontals being covered by the nasals and not appearing at the upper sur-
face of the skull, in the absence of an expanded outer plate of the lacrymal, and in the
almost equality of breadth of the occiput with the postorbital part of the skull.

Of the Cranial Cavity ofDinornis giganteus. (Plate LXXVIII.fig. 9.)
With some parts of the skeleton of a Dinornis giganteus presented to the British

Museum by Mr.Luxmore, including most of the vertebrae and pelvis, was the cranium,
with some other fragments of the skull, all much abraded or fractured. The locality of
these remains is unknown. The thick and coarse-celled diploë of the cranial walls was
extensively exposed ; and it seemed to me that the best use to make of the specimen
was to expose in it by a vertical longitudinal section the extent, shape, and other
characters of the cranial cavity in that species.

These, therefore, Ipropose to compare with those detailed in the foregoing account

of D. rheïdes.
The length of the cranial cavity is 2 inches 8 lines, the breadth 2 inches 5 lines, the

height 1 inch 4 lines, the measurements being taken at the same points as in the
cranium ofD. rheïdes. The cavity is unequally divided by the vertical tentorial ridge,
the prosencephalon being longer in proportion to the cerebellum than inD. rheïdes or

the species figured in Pl. LIII.fig. 4. The tentorial ridge is interrupted, as in those
species, by the passage of the longitudinal into the lateral or petrosal sinus. Beneath
this the petrosal wall of the labyrinth makes a greater prominence than in the smaller
Moas above cited. The mesencephalic fossa (Pl. LXXVIII.fig. 9, m) is not larger
than in them, is consequently relatively smaller, especially to the prosencephalic one (p)
inD. gigas. The foramen ovale is more oblong, and at the upper part of the side of
the cavity. The prelacerate and optic foramina present the same size and position as

inD. rheïdes, indicating, together with the size of the mesencephalon, relatively smaller
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eye-balls in I),gigas. The sella (s) is somewhat deeper, but not larger in other dimen-

sions ; it is perforated behind by the entocarotid canal. The prosencephalic wall has

the same configuration (indicative of the longitudinal indent of the cerebral hemisphere)

as inDinornis rheïdes. The rhinencephalic fossæ (r) are a pair divided by an obtuse lon-
gitudinal ridge representing a

"
crista galli

"
21/2 lines thick ; each fossa is elliptic,5 lines

by 4 lines in long and short diameters, with from eight to ten perforations, the largest
leading from the outer side of the cavity. The cribriform plate is extremely thin.

Skull ofDinornis casuarinus, Ow. (Plate LXXVIII.figs. 1-8.)

The relations of locality affecting the sternum and limb-bones ofD. rheïdes, and the

sole cranium therewith collected and transmitted to Mr.Sumpter, without a trace of
any determinant bone of Dinornis casuarinus, solved the doubt which had long troubled
me in regard to the skull, which, in respect to general size, might seem to belong to
either of two such nearly matched species. Itwas with lively satisfaction, therefore,
that Isaw in a series of bones belonging to one and the same skeleton of a Dinornis
casuarinus from the famous Glenmark swamp, submitted for exchange to the Geological
Department of the British Museum, in the course of the present year, by William
Reeves, Esq., that the skull presented, with a general correspondence of size in the
cranial part (Pl. LXXVIIIfigs. 2, 3), unquestionable specific differences throughout
from that of Dinornis rheïdes, and more especially in the forms and proportions of the
mandibular parts of both upper and lower jaws (ib. figs. 4-8).

The occipital surface (ib. fig. 3) almost exactly repeats the dimensions of the same in
Dinornis rheïdes, but with the following differences:—

The basioccipital descends more abruptly and vertically, the vagal and carotico-sym-
pathetic foramina are larger, the tuberosities (ib. fig. 3,1') are less prominent or denned
at the back part of the basioccipito-sphenoidal quadrate surface or

"platform." The
upper border of the foramen magnum is much thicker, and is channelled, as iffor a
venous sinus. The superoccipital rises above the foramen, as a triangular tuberosity
(ib. fig. 2), to the level of the calvarium. The superoccipital depressions, having this
tuberosity intervening instead of a vertical crista, are wider apart. The ridges descending
from above the foramen magnum, and diverging to the paroccipitals, are broader and
more pronounced ; they define, with the back part of the basioccipito-sphenoidal surface,
a triangular area, from near the centre of which projects the occipital condyle. There
is a similar depression to that inD.rheïdes on each side of the superoccipital surface,
below and external to which bulge out the paroccipitals; the ends of both processes are
broken away. Ihesitate on this account to express the belief that the paroccipital part
of the tympanic fossa has less antero-posterior extent than inD. rheïdes. The articular
cavity for the tympanic extends further inward from the base of the mastoid process.
The premastoid ridge is less produced than in D. rheïdes; the temporal fossa is
encroached upon by a vertical longitudinal rising midway between the premastoid
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ridge and the postfrontal. The antero-posterior extent of the temporal fossæ and the
calvarian interval between them are alike in both species. But it is in advance of
this part of the skull that the greater differences begin. The orbits are smaller ; the
breadth of the cranium across the postorbitals is less ; the fore part of the cranium is
modified for the support and attachment of a much weaker and shorter mandible.

The premaxillary part (Pl.LXXVIII.figs. 4, 5, fig.1, 22) of this mandible is fortunately
nearly entire. The anterior undivided mandibular part of the base is much smaller and
shorter inproportion to the nasal process. The perforated irregular surface in relation
to the bill-sheath contracts posteriorly more gradually between the nasal and maxillary
branches to form the smoother prenarial septum ; and this is relatively of much less
extent than inD.rheïdes.

The palatal surface of the premaxillary inD. casuarinus (ib. fig. 5) is flatter and less
bent ; the marginal alveolar grooves are shallower. The mid furrow upon the narrower
beginning of the nasal process is long and deep ; it disappears upon the hinder flattened
part of that process.

The tympanic (Pl.LXXVIII.figs. 1, 28 &13), like the mandible itsupports, is markedly
less than inD. rheïdes. There is less indication of a division of the single condyle that
crowns the antero-posteriorly compressed mastoid branch (e) ; the orbital or pterygoid
branch (k) is broader and shorter, more convex outwardly, more concave at the inner
side, with a better-marked and more prominent pterapophysial facet (p). The pneu-
matic depression, though smaller, is better defined, extending from the foramen upward
to the inner side of the mastoid condyle.

The rami of the lower jaw (fig. 6) are more delicate and slender in proportion to

their length than inD. rheïdes. The back part of the ramus is less expanded, the outer

border of its concavity is thicker and more obtuse, the inner one is less thick, the two
borders, which meet at the lower angle, being more alike in character. The articular
surfaces and intervening vacuity offer no notable modification. The outer depression
between the angular and surangular retains posteriorly a small vacuity leading obliquely
upward to a foramen on the inner side of the ramus, grooving the base of the low obtuse
coronoid process. The splenial element (31) has coalesced behind, not anteriorly ; the
dentary has coalesced with both the angular and surangular. The outer mid tract of
the symphysis (fig.7) is defined, as in other species, by a pair of parallel grooves.

The more characteristic leg-bones of the specimen to which the above-described skull

belongs, agree pretty closely in size with the type specimens 1, but are rather more

slender as in the smaller variety of Dinornis casuarinus inDr.Haast's admeasurements,

the following being the length of
—

in. lines.

Metatarse . 8 5
Tibia 18 3

The difference between Dr. Haast's larger and smaller sizes is only such as might be

1 Femur, Pl. XXXVIII.figs. 1-3 ; tibia, Pl. XXXIX.fig. 2;metatarse, Pl. XL.fig.3.
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explicable, as Dr. Haast suggests, as a sexual character ; the specimen noted as yielding
"

the smallest size
"

is, as Dr. Haast remarks, of a bird not quite full-grown.
The difference in the proportions of the leg-bones between Dinornis rheïdes and

D.casuarinus is greater inrespect of robustness than of length, yet not in such a degree

as to make the decision come to as to their specific distinction one lightly arrived at,

or without well weighing many particulars. In the memoirs defining these species I
troubled the Society mainly with the results, omitting particulars of the processes

leading thereto. ButIcould not have ventured to anticipate that a certain comparative

slenderness of the hind limbs would have been associated with a beak shorter and

weaker in the degree demonstrated by the skull of D. casuarinus above described.

Skull ofDinornis gravis, Ow. (Plate LXXXI.)
Many characteristic parts of the skeleton of the same individual bird were obtained

by William Fenwick, Esq., at the Kahamin River, Middle Island, New Zealand, and

were presented by that gentleman to Miss A.Burdett Coutts.
Dinornis grams was of about the same stature as D.rheïdes, and as the characteristics

of cranial structure willbe better appreciated inboth birds by contrast and comparison,
Igive a description of the skull of the new species in the present Memoir.

Dinornis gravis presents the shortest mandible in proportion to the breadth of the
skull thatIhave yet observed inthat genus. The breadth of the occiput being equal to
that of Dinornis crassus, the occipital condyle and foramen magnum are less, especially
the latter (comp. fig.4,Pl.LXXXI.,with fig.3, Pl.LXXVL). The superoccipital tract
slopes more forward, is more continuous with the general longitudinal upper convexity of
the cranium. The basisphenoidal platform is longer in proportion to its breadth ;it
shows a large central orifice of a canal extending upward and backward. The alisphe-
noidal tuberosity (fig. 4, 6) is more prominent and divided from the pterapophysis by a
deeper and narrower fissure. The foramen ovale is divided by a better-marked bar into an
upper smaller and lower larger division. The paroccipital bends down from the mastoid
more abruptly, at a right angle to the connecting ridge, inorder to form the back part of
the tympanic fossa. The temporal depression is relatively smaller, especially in antero-
posterior diameter; an extent of 1 inch 9 lines intervenes at the upper part of the
cranium between these fossæ (fig. 3). The postorbital process is triangular, more rapidly
decreasing in breadth as it descends, and its outer plane is directed more backward, less
outward, than usual. The presphenoidal rostrum, 2 inches 8 lines in length, is com-
pressed at its middle part below, expanded and convex before and behind this ridge,
pointed anteriorly and confluent throughout its upper extent with the prefrontals and
orbito-sphenoids. The

"
shelf" (Pl.LXXXI.fig. 4,9") extends further outward than in

Dinornis crassus or D. rheïdes. A broad vertical lamina, continued from the lachrymal
and the olfactory girdle, descends external to the posterior olfactory orifice almost to
the level of the presphenoid, forming the anterior wall of the orbit. The fronto-nasal
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articular tract for the median process of the premaxillary is 1inch 7 lines in length and
6 lines inbreadth (fig. 3) ; there is no distinct orbital process of the nasal.

The mandible of D. gravis, 4 inches 4 lines in length, is 2 inches 9 lines across the
condyles, 1inch 3 lines in breadth opposite the back part of the symphysis, which is
only 7 lines in length (fig. 6). The splenial bends inward anteriorly toward the sym-
physis, its pointed end terminating in the groove at the back part of the symphysis :
it has coalesced throughout its length with the other elements of the lower jaw. The
form of the symphysial or rostral part of this lower jaw (Pl. LXXXI.fig.6) indicates a
corresponding breadth and obtuse termination of the short rostral part of the pre-
maxillary. The type of beak of D. crassus is that which is exemplified in D. grams.
In size of head D.grams most resembled D. rheïdes ;but the degree in which specific
characters are exemplified may be satisfactorily appreciated by contrasting their respec-

tive mandibles in the figures 5 and 6 of Pl. LXXXI.

Skull ofDinornis ingens, Ow. (Plate LXXXII.)
To Pl. LII.(pl. 23. vol. iv.of the Transactions of the Zoological Society), representing

the most perfect skull of a Dinornis which had come to my hands at the date of my fifth
Memoir (Nov. 12, 1850, p. 59), Iadded a note of interrogation to the name of the
species to which such skull was, with that expression ofdoubt, referred.

This skull and many other bones, including limb-bones of Dinornis ingens, were dis-
covered in 1849 in a cave in the district which lies between the river Waikata and

Mount Tongariro, in the North Island of New Zealand ; they were obtained and

liberally transmitted to me by Governor Sir George Grey in1850.
Successive receptions ofMoa-remains, especially those with which the British Museum

has been enriched by the laborious collectings of Mr. Walter Mantell, have added evi-
dence of the general fixity of the characters of the above-described skull as belonging
to an adult individual ofa large and well-defined species ; and the recent additional con-

firmation of its appertaining to the Dinornis ingens, published in the Palæontological
part of the Circumnavigatory Expedition of the

'Novara,' induces me no longer to defer
the publication of the description and figures of the more perfect materials at my

command for the restoration of this instructive part of the skeleton of that species.
The portion of skull referred by Dr. Gustav Jaeger to Dinornis (Palapteryx) ingens,

in the above-cited work (4to, p. 307, Taf. 25, 26), consists of the cranial part only,
wanting both upper and lower mandibles. The locality where the specimen was dis-

covered is not noted ; itis stated to have formed part of the rich collection of remains
of Dinornis obtained by Dr. v. Hochstetter during the stay of the Expedition of the
Imperial Austrian frigate 'Novara' at New Zealand 1.

1
"

Unter der reichen Sammlung yon Moa-Resten, welche Professor Dr. v. Hochstetter bei Gelegenheit der

Expedition der k.k. osterreichiscb.cn Fregatte Novara aus Neu-Seeland nach Wien brachte, befindet sich em
Schadel," &c, p.307.
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Dr. Hochstetter, however, was so fortunate as to have presented to him the parts of

the skeleton of one individual Moa, determined by proportions of the leg-bones to be

Dinornis ingens, which had been discovered in a limestone cavern on the right bank of

the Aorere River, in the Province of Nelson, New Zealand, inwhich, with the cranium,

were the two tympanic bones ("Quadratknochen ") and both upper and lower jaws.

Unfortunately no other figure of this skull is given, save that (much reduced in size, as

seen obliquely from below) in the plate of the restored skeleton. It shows, however,

as may be seen in the copy added to Pl. LXXXII.fig. 4, the main characteristic dis-

tinctions of the skull of Dinornis ingens given in Pl. LIV., viz. the wide temporal
fossae, the long rostral portion of the premaxillary, and the extent of the prenarial

septum. Further conformity is shown by the following admeasurements :
—

Ihave found no such degree of conformity between skulls of distinct species of
Dinornis as is here exemplified.

The length, of
"

about eight inches," assigned to the entire skull of Dinornis ingens
(p. 207) was estimated on the supposition that the nasal process of the premaxillary
(Pl. LII.22' ) had lost more from its free end thanInow know to have been the case ;

that described skull would not be more than from two to four lines longer than the
more perfect specimen figured in Pl. LXXXI. The superoccipital transverse ridge
(ib. fig.2, d, d) shows two curves on each side the vertical ridge (3),( 3 ), the outer one being
the widest, as in Dinornis struthoïdes (Pl. XVI.figs. 1, 3); the occipital condyle (l)is
less pedunculate; the temporal fossæ (fig.1, 7) are wider, with a different contour; and
the prosencephalic chamber is more prominent on the upper surface of the cranium ;

the smooth tract between the temporal and occipital muscular fossae is also narrower
inDinornis ingens than inD. struthoïdes. The mastoid (Pl. LXXXII.fig. 1, 8) is pro-
duced as a slender process about five lines below the masto-tympanic articulation;
the premastoid ridge (ib. 8') seems more definite than inD. struthoïdes. The postfrontal
process (12) is relatively longer than in Dinornis robustus ; the zygomatic arch (26 27)
sends upward a more definite process toward the postfrontal. The rostrum (22 32 )
accords with the type of that in Dinornis robustus (Pl. LXIV.fig.1), but is rather
narrower and less obtuse.

1 Pl.LII.,and p. 281, Pl.LXXXI.
1 'Novara

'
Expedition, Abth. Palæontologie, Taf. xxv.xxvi.(Dr. G. Jaeger's specimen).

1 9Breadth ofintertemporal tract 1 8
0 6poral fossa 0 5|

Antero-posterior diameter of posttemporal division of tem-

1 6Antero-posterior diameter of temporal fossa 1 6
4 2Breadth of the lower end of postorbitals 4 0
3 0Breadth of the lower end ofparoccipitals .. 2 10

3 8Breadth, of the cranium across the mastoid 3 8
in. lines.in. lines.

'Novara' specimen 2.Dinornis ingens*.Dinornis ingens*. 'Novara' specimen 2.
in. lines. in. lines.

Breadth, of the cranium across the mastoid 3 8 3 8

Breadth of the lower end ofparoccipitals .. 2 10 3 0

Breadth of the lower end of postorbitals 4 0 4 2

Antero-posterior diameter of temporal fossa 1 6 1 6

Antero-posterior diameter of posttemporal division of tem-

poral fossa 0 5| 0 6

Breadth ofintertemporal tract 1 8 1 9
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The figures, of the natural size, inPl. LXXXII,in which each bone bears its sym-
bolic number, with similar figures in the present and former Memoirs of other species of
Dinornis, give grounds of comparison which preclude the necessity of further verbal
notice of details. One notes with interest that a species with comparatively long and
slender limbs in the present wingless genus has a more lengthened beak (e. g. Dinornis
ingens) than Dinornis crassus, and that the diploë of the cranial walls is less thick,
showing the more than usually domed character of the cranium lin this broad and flat-
headed group of extinct birds. The range in the length of the rostral part of the pre-
maxillary exemplified by Dinornis crassus and Dinornis ingens, indicates a ground of
derivative variety in which the existing Apteryx exemplifies a maximized degree. But,
unless this gain was sudden in the dwarf species, the intermediate steps should be
numerous, and have not yet been observed.

In the
'Bericht über einen fast vollstandigen Schadel von Palapteryx,' Dr. Gustav

Jaeger compares his specimen with the several figures of the skulls of New-Zealand
extinct wingless birds given in the 3rd volume of the

'
Transactions

'
of the London

Zoological Society, pls. 38, 39, 52, 53, 55, but appears not to have been cognizant of

the Memoir in the 4th volume (p. 205), in which not only is the most complete skull
of a Moa described and figured which had, at that date (1850), been obtained, but
also one belonging to the same species as that to which Dr. Jaeger is finally led to refer
the subject of his description. (See

"
Erklarung der Tafel xxv., Schadel von Palapteryx

ingens, 0w.," at the close of the Memoir.)
The chief aim of the comparisons of the accomplished Director der Wiener

Thiergartens is to show that his specimen exemplifies the generic characters of Pala-
pteryx by contrast with those of the skull referred, erroneously, by me to Dinornis
casuarinus, in my third Memoir (1848), p. 445, pl. 52. vol. iii.Trans. Zool. Soc. That
skullInow believe to have belonged to the Dinornis otidiformis of the first Memoir
(p. 73), founded on a tibia (Pls. XXV.,XXVI.fig. 5), but recognized by the subsequent
acquisition of the metatarsal as a distinct genus, Aptornis, belonging to a distinct family,
perhaps order, of birds from that to which Dinornis belongs. Upon that rectification I
lost the best ground on which Ihad previously based the generic distinction of Dinornis
from Palapteryx ; and now there remain the degree of development of the abortive and
functionless back toe, whichIcannot regard of generic importance, and the proportions
of sternum, limb-bones, and rostral part of the beak-bones, all more or less gradational.
With the breadth of trunk concomitant with limbs so robust and divergent as in D.
robustus, D. elephant opus, and D. crassus, the sternum is broad in proportion to its
length, and the side processes more divergent ; yet the dinornithic type of that bone is
closely kept.

The robuster-limbed and broader-bodied Moas, however, do not all show the short,

1 This character of the skull of Dinornis ingens is somewhat exaggerated in Dr. Gustav Jaeger's figure

(Taf. xxv.op. cit.), through the view in fig.1not being a direct profile but looking obliquely on the calvarium.
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broad, obtuse form of beak ; and Iconfess that the general conformity of cranial struc-

ture under the modifications illustrated in the present Memoir do not promise an

advantage, by drawing a line which must be more or less arbitrary in whatever direc-
tion, equivalent to the imposition of two names for such divisions of a group of species
so natural and closely allied as Iwould at present indicate by the sole generic name

Dinornis.

On the Cranium of a Gigantic Bird (Dasornis 1 londinensis, Ow.)from the
London Clay ofSheppey, Kent.

The study and foregoing illustrations of the cranial structure of the recently extinct
species of large terrestrial birds, induce me no longer to defer communicating similar
evidence of one which passed away at a much more remote period of geological time.
This evidence is the cranial part of the skull, which has been reduced by rough usage of
the elements to a similar state with that of the cranium of Dinornis giganteus above
described (p. 277). Very little of the outer table of the walls of that cavity is preserved ;

and much of the thick pneumatic diploë is exposed, not only along the upper (parieto-
frontal) walls, but at the back and base of the cranium.

To this state it appears to have been brought, probably in its transport seaward by
the mighty eocene river, prior to petrifaction in the mud with which it finally became
enveloped. In the mass of such matrix, converted into petrified

"
London clay," of

which geological formation the Isle of Sheppey now mainly consists, this cranium was
gathered with other eocene fossils, and was obtained from a local collector by the
Earl of Enniskillen, F.R.S., to whom Iam indebted for the opportunity of describing
it,and to Mr.Davies, of the Department of Geology, for first calling my attention to
the specimen in a collection of Sheppey fossils which Lord Enniskillen had sent (for
determination) to the British Museum.

In size this cranium equals that of the Dinornis giganteus ; its proportions are also
dinornithic, exemplified in the great breadth, small height, and forward slope of the occi-
put, in the flatness of the calvarium

—
with all the indications, in short, of low cerebral

development. But there are well-marked differences as compared with Dinornis. The
occipital condyle exceeds in size by 1line that of Dinornis robustus inboth vertical and
transverse diameters ; its shape is almost the same ; and it is similarly impressed along
the middle of its upper half by a vertical groove deepening, and in the fossil slightly
expanding, to the end This latter character is more marked inDinornis elephantopus
than in D. robustus ; but the groove goes lower, and the hemisphere is more truncate
above inD. elephantopus.

The condyle in the fossil shows, under the pocket-lens, the same fine punctate diploë,
or cellular structure, as does the condyle inDinornis, when the thin, smooth outer coat

1 Moos, a thicket (in reference to the abundance of fossil fruits and other arboreal evidences associated with
the remains of the large bird).
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