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Memoir
on the

Brain, Larynx, and Trachea

in the

Genus Dinornis.

§1.Brain of Dinornis.

Returning to the brain of the Apteryx, the side view (fig.1) is contrasted (in
Pl. XCI.) with that of the Dinornis (fig.11), the upper view (fig. 2) with fig.12, and
the under view (fig. 3) with fig.13.

The Dinornis differs in the minor relative size of the cerebrum to the cerebellum,

which latter (figs. 11 &12, c) rises whollybehind and uncovered by the hemispheres (a).
The cerebrum appears to be broader, because it is so much shorter, relatively, than
that of the Apteryx ; its upper surface is much more accentuated. A broad and high
longitudinal tract (a), next the mid line, is divided from the outer part of the hemi-
spheres ;and this is partially subdivided into a posterior (a")and anterior (a

'
)portion by

a shallow depression answering to the
"

Sylvian fissure."
The optic lobes (ib. figs. 11,12, 13, b, b)are, relatively as well as absolutely, larger than

in Apteryx, corresponding with the indications, given by the orbits or bony beds, of the
larger and better-developed organs of vision in Dinornis, the species of which we may
conclude to have been diurnal; they are visible in the upper view (ib. fig.12, b, b) as
well as in the side view (ib. fig.11).

No demarcation of a "pons" can be satisfactorily traced on the cast; but the tri-
geminal swelling is plain. The length of the macromyelon is 11 lines, its breadth is
9 lines.

The cerebellum shows a pair of low lateral lobes (ib. fig.11, c') at its fore part, and
behind this the depression answering to the upper semicircular canal. The length of
the cerebellum is 1inch 2 lines, its breadth at the lateral lobes is1inch. The vertical
diameter of the epencephalon (ib. c, d) is 1inch 4 lines;the breadth of the mesence-
phalon (fig.13, i,b), taken outside of the optic lobes, is1inch;the length to the fore
part of the chiasma is 8 lines; each optic nerve (t)has a thickness of 2 lines. The breadth
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of the cerebrum (fig.12, a, a") is 2 inches 2 lines ; its length is 1inch 7 lines ; its depth,
or vertical diameter, is 1inch 1line. The breadth of the rhinencephalon (r) is 8 lines ;
the length of each lobe in advance of the cerebral hemisphere is 21/2 lines. They are
relatively less than in Apteryx.

The hypophysis, as represented by the cast of the
"

sella" (ib. figs. 11, 13,y)is of con "

siderable size; there is an indication of a better-developed pineal gland (ib. fig.12,p)
than in the Apteryx.

§ 2. Trachea ofApteryx, Struthio, and Casuarius.

Inthe Apteryx australis the trachea has a nearly uniform diameter throughout its
extent; the rings, from 120 to 130 innumber, are entire and cartilaginous. When the
windpipe is relaxed the rings alternately overlap, and are overlapped by, each other at
their sides, appearing to be alternately narrower on one side than on the other ;but when
the tube is stretched this appearance is lost, though not wholly, the rings then showing
a slight difference of breadth in the axis of the tube at their sides. They become
gradually smaller in circumference and diameter in the last twenty, which are less
closely attached together than in the Ostrich and Emu.

In the trachea of the Cassowary the rings, mostly entire as in other birds, vary in
depth, i.e. in the diameter of the hoop parallel with the length of the tube, and they
correspondingly vary in thickness (Pl. XCII.fig.5). Their excess in these diameters is
shown at about one-fourth down the trachea ; they become narrowest and thinnest at

the terminal tenth part of the tube, where a solution of continuity of the ring begins
to show itself along the mid line of the back part of the tube. The incomplete rings
of the bronchi resume the dimensions of those at the beginning and middle of the
trachea.

In the Ostrich the bronchial rings are more slender than any of those of the trachea,
and rapidly diminish in size as they approach the lungs.

In both Ostrich and Cassowary the tracheal rings examined by me were gristly, or

were hardened with a very small proportion of bone-earth.

§ 3. Trachea ofDinornis crassus.

The more completely ossified state of the tracheal rings ofDinornis has led to their
preservation inmore than one species ;andIhave received from time to time specimens
of such rings more or less closely associated with parts of the skeleton, in largest
numbers with that collection of Dinornis remains obtained by Mr.Walter Mantell
from the fine dark soil, or morass, at Ruamoa, Middle Island of New Zealand, and pur-
chased for the British Museum (p. 223).

In working out this matrix from the base of the skulls of Dinornis crassus, described
in a former Memoir (pp. 262-284), Idetached from beneath the position of the palato-
nares a group of four bony hoops or rings of an oval form, averaging 9 lines in long
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diameter, 7 lines in short diameter ; the depth of the rim of the bony hoop varied from

one line to half a line; its thickness was about a quarter of a line. The outside of the

ring is convex and finely rugose; the inside is less convex and smooth.

Icannot hold it as certain, that, because these slender rings were found at or near

the position of the upper larynx, therefore they were from the beginning of the wind-

pipe ; for the dislocation of the parts of the skeleton in all the individuals so repre-

sented in the marshes of Ruamoa, as far as can be gathered from the account given

by Mr.Mantell, might well admit of displacement of parts of the bony trachea : butI

think itvery likely that they are upper tracheal rings.
Admitting this doubt as to their precise position in the windpipe, still the proba-

bilityis so great that tracheal rings preserved in contact with parts of the skeleton were

parts of the same bird, that the rings here described may be reasonably referred to the
Dinornis crassus.

There is, moreover, a significant degree of correspondence between the number of
tracheal rings of the type of those attached to the skull, but collected without note of
precise relations, probably scattered in the matrix, and the number of individuals of
Dinornis crassus indicated by bones of the skeleton ; that is to say, both tracheal rings
and skeletons or bony evidences of D. crassus are amongst the most plentiful of the
species there found.

The rings or hoops, upwards of 150 in number, provisionally referred to Dinornis
crassus, are associated together by the character of shape and size. In general they are
less slender than those cemented to the skull-base ;but they present a certain range in
the thickness, especially the depth, of the wall of the ring. The extreme of the latter,
or breadth in the axis of the windpipe, is 3 lines, as at fig. 2, b, Pl. XCIII.; but this is
partial, the hoop decreasing to 2 lines and 11/2 line at part of the circumference, in a
few at the small ends of the ellipse, or the lateral parts of the hoop ; the more common
breadth is from 2 lines to 11/2 line (PI. XCIII.fig. 1, d) ; those found at the base of the
skull, and inferred to be from the upper part of the windpipe, were 1line, decreasing
partially to a line, in depth. There is less range of thickness in the elliptical rings
ofDinornis crassus, as, e. g. from to 1/10to1/8 of a line, seldom getting to 1/6 (ib. figs. 1& 3).
There is a certain range of size and of shape of the ellipse: thus, in fig. 1, a, b, excep-
tional instances of subcircular rings are figured; in fig. 3, a, b, the long axis is 10 lines,
the short one 9 lines; in fig. 3, c, the long axis is 111/2lines, the short one 8 lines. Most
of the rings have intermediate proportions ; ina few the ellipse is less regular, one side
inclining to flatness. There is a variety also in the configuration of the surfaces of the
hoop ; instead of the outer surface being convex from the upper to the lower margins,
as in the slender rings detached from beneath the skull, it is flat, especially in the
broader varieties, in which the inner surface preserves a slight convexity in the same
course ; in some rings the outer surface is slightly concave from edge to edge (as in
fig. 2,b).

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-25-p-093_3000.jpg
http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-25-p-093_3000.jpg


329

Of the tracheal rings referred to Dinornis crassus some are preserved in groups,
cemented in their consecutive arrangement upon and by the matrix. These groups
include one of seven rings (fig. 4), two of six rings, one of five rings (fig.5), two of four
rings with part of a fifth(fig.6), as many of three rings, and more of two rings so kept
in natural sequence. In three instances of the

"
two rings

"
these show broader and

narrower parts of the outer surface, alternating, the extremes being at the small ends
of the ellipse, or at the sides of the tube. This character has been noted in recent
birds, especially in the Waders 1, the appearance being that presented by the tracheal
rings of the present extinct Moa (fig. 7, a, b, c);but the analogy of Apteryx (anteà,
p. 326) led me to test the relation of the appearance to reality.

Succeeding in working out the cementing matrix in one instance, and exposing the
inner surfaces of the two interlocked rings,Ifound, asIhad anticipated, that the outward
appearance was due in some degree to intussusception, the inner surface being broader
where the outer surface was narrower, and vice versa. Nevertheless a slight inequality
of breadth is shown in some detached rings at the ends of the ellipse; and it may
indicate that they come from a part of the windpipe situated where it was subject to
most flexure in the ben dings of the bird's neck.

§ 4. Larynx ofDinornis crassus ?
The portion of a thin, hollowed, shield-shaped piece of bone (Pl. XCIII.fig. 8, a, b)
Itake to belong to the upper larynx, and to be part of the thyroid element. To its
lower border has coalesced, as is sometimes found in existing birds, the first tracheal
bone or hoop (c), which, as usual, is incomplete ; the coalescence is limited to the two
ends of this half ring; the slit of separation between it and the thyroid is 9 lines in
extent, giving the breadth of this slender bone as half a line; it projects anteriorly
like a folded lower border inadvance of the actual lower border of the thyroid, which
is the more prominent part on the inner or concave side of the thyroid. One might
expect the rings near to or following this to have similar slender proportions, like those
worked out of the matrix beneath the skull of Dinornis crassus ; lower down the wind-
pipe they gained in depth.

From another mass of matrix, exhibiting a portion of a broad tracheal ring,Iworked
out the part of the expanded terminal one, to which, in the entire or recent state of the
parts, the bronchi are attached ;it answers to that supporting the cross bar shown at
t, fig.103, '

Anatomy of Vertebrates,' vol. ii.p. 222, in the Raven, and ranks among the
parts of the lower larynx. The specimen shows the contiguous portions of two cavities,
meeting at a sharp straight ridge (fig. 9, a), 8 lines in extent, which was produced into
the cavity of the trachea, dividing the tube from before backward ; the concavities on

1 "They are alternately narrower at certain parts of their circumference and broader at others ;and in these

cases the rings are closely approximated, as it were interlocked. This structure is most common in the Gral-
latores, where the rings are broadest alternately on the right and left sides."

—
Anat. of Vertebrates, ii.p. 219.
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each side are the beginnings of the divisions or the continuations of the trachea into

the bronchi. The margins of the expanded bone, continued from one (probably fore)
end of the dividing ridge, are rather thickened. Cemented by the matrix to this part

of the lower larynx was one, probably the first, of the bronchial bones (fig. 9, bc); it is
incomplete, varying in breadth from 2 lines to nearly 3 lines, and may have surrounded
two-thirds or three-fourths of the bronchus. At the broader part the outer surface is
rather convex from the upper to the under margin ; at the narrower part this surface
is concave. It seems to answer to that part of the lower larynx figured at a, fig.103,

tom. cit. p. 222.

§ 5. Trachea ofDinornis rheïdes ?

To a smaller species of Dinornis, probably D.rheïdes, Irefer a series of rings, about
80 in number, similar in shape and general character to those of Dinornis crassus, but
of a smaller size (Pl. XCIII.figs. 10-12).

The range of variety of size is here rather less. The largest ring yields, in long
diameter, 9 lines, in short diameter 7 lines (fig.11) ; the smallest gives 7 lines and 6 lines
in the same diameters (fig.10). The average, or common size, is 8 lines inlong and 62/3
in short diameter (fig. 12) ; the ellipse is more perfect and constant in the rings of this
species, and the concavity from edge to edge of the outer surface of the hoop is more
constant and more marked than inDin. crassus. The depth of the hoop is greater,

relatively, and is maintained through a greater extent of the windpipe, as it seems ;

this dimension is 2 lines, with slight change at parts of the circumference.
Of this species there is one specimen of a sequence of four rings in the same portion

of matrix (fig 12), another piece with three rings, and three or four with two rings.
The extreme of depth of hoop is reached at part of the circumference of the ring
(fig. 11, a, b).

§ 6. Trachea ofDinornis elephantopus ?

The tracheal rings of the third series are remarkable for their great breadth and
thickness. There are about 80 of these, of a full elliptical, subcircular, or circular
shape, with an average diameter or long diameter of 9 lines. The specimen figured
(Pl. XCIII.fig.13, a, b) shows the average size or common character of these strong,
broad, well-ossified tracheal rings. The exterior surface is rugose, the inner one
smoother, both surfaces straight or even from one margin to the other; the margins
are flat, as ifmade by a clean cut, and show irregular perforations, probably vascular,
of the osseous tissue. The thickness of the hoop is rarely uniform, the difference
being, in several rings, as great as in that figured in15, a; there is also, occasionally,
a variety in the breadth at different parts of the circumference of the hoop, though
rarely to the extent shown in fig.16, which, from its small size, may possibly be a
bronchial hoop.
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§ 7. Trachea ofDinornis ingens ?
About 70 tracheal rings show an average of size and shape as in that of fig.17,a,b,c;

the extremes inregard to depth of hoop, in this series, are given in figs. 19 &20. The
bone, in all, is of unequal thickness, longitudinally rugose, but unequally so, on the
outer surface, smooth within(fig.18, longitudinal section). On the rougher part of the
ring the bony substance stands out in the form of granules or ridges, the latter running
in the direction from one margin to the other (figs. 19 & 20, b, b). These margins
(figs. 17 &19, a) are flat or "truncate," as in the smaller rings (figs. 13-15, a) of the
present robust type ;but here the margin is more uneven, with risings and depressions,
somewhat irregular, but on the whole at right angles to the outer and inner surfaces.

In this series were specimens of two partially confluent rings, or of a broad hoop
twisted upon itself spirally, so as to simulate two hoops. Of these specimens one is
represented at fig. 21, a, b, a second at fig. 22; fig. 23 shows more plainly a partial con-
fluence of the two bony rings. Seven rings of the average size of those provisionally
attributed to Dinornis ingens (Pl. XCII. fig. 6) occupy an extent of the trachea
equalling that which includes thirty-nine in Casuarius galeatus (ib. fig. 5).

§ 8. Trachea ofDinornis robustus ?
Ihave finally to notice the largest specimens in the present collection, which ex-

emplify the most extraordinary degrees of thickness and strength of bone which have
been hitherto observed in the windpipes of Birds.
Ithink it not improbable that an osseous hoop like that represented inPl. XCIII.

fig. 24, a, b, might, ifreceived as a solitary fossil, have passed rather for a section of the
shaft of a pneumatic limb-bone, being as large, for example, as such section of the femur
of a Cassowary, but thicker in the walls. He must have been a bold, as well as acute,
palaeontologist who would have pronounced it one of the rings of a bird's windpipe.
Ihave now, however, received upwards of thirty specimens, averaging the dimensions
of that of fig. 24. They are, most of them, rather more elliptical, less circular, than
the smaller hoops of a like type (figs. 17-23). The long diameter averages, as in fig. 24,

1inch 2 lines, the short diameter 1 inch, outside measure ; the area, which is a more
regular ellipse, gives 101/2 lines and 9 lines in the two diameters. The breadth, or we
may now say the length, of the hoop's wall, i.e. from the upper to the lower margin,
averages 9 lines and 71/2 lines, not being uniform all round ; the difference of thickness
is greater, viz. from 21/2 lines to 1/2 a line (fig. 24, a, and fig. 32).

The contrast between the outer and the inner surfaces of the tracheal hoops in
Dinornis becomes greater as these increase in size. In the present series, which may
belong to Dinornis robustus, the irregular longitudinal striation prevails, over the
external surface of the bone ; but there are other characters.

At one or two parts of the circumference a part of that surface (figs. 24, 26, 28, X )pro-
jects beyond the rest, usually from the middle third part between the upper and lower
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borders ; these elevations, or the elevation, if itbe single or continuous, are limited to

one side of the hoop, and to that which is most convex or least flattened. The degree
of elevation is slight, from a fourth to a sixth of a line;the surface is smoother than

the parts above and below. These elevations Itake to indicate the interval between
the surfaces of insertion or attachment of fibrous substance connecting one ring to the

next in a more special manner than the general external investment of the hoops, the
fibrous character of which may be indicated by the general longitudinal striation of the
external surface. The smoother part of that surface is usually opposite the side showing
the broad and low elevation. Besides the foregoing accentuations of the outer surface,
many of the hoops show coarser granulate outgrowths at the rougher part of the bone.

In almost all of the present series of rings the longitudinal lay of the outer surface,

from one margin to the other, if it is not straight, tends rather to convexity. The
longitudinal lay of the smooth inner surface is more uniformly straight ; but there is a

feeble transverse rise, or linear impression, indicative of a tract on the inside corre-

sponding to the elevation on the outside of the hoop.
In the present, as in the preceding series, there are differences of length, breadth,

and thickness of the wall of the hoops ;the two extremes of the first dimension are

shown in the subjects of figures 25 &26. There are also six instances of confluence of
two hoops ; in no received example is co-ossification of the tracheal rings carried further.
Fig. 27 shows two of the shorter variety of hoops coalesced at the flatter and rougher
half of their circumference (b), the activity there of the ossifying process being further
exemplified by an unusual degree of granulate outgrowths simulating an exostosis : the
more convex part of each hoop (a), where the line of separation remains open, is com-
paratively smooth. The two rings (Pl. XCIII.fig. 28, ab) have completely coalesced

—
the original separation, showing them to have been of the long variety, being feebly,
though sufficiently, indicated. These also show a markedly flatter side of the ring
where the bone is thickest and most irregular. It is to this increase of osseous sub-
stance that the flattening is due, the smooth inner surface of the same part following
the course of the elliptical section of the air-passage. Lengthwise these anchylosed
hoops show a greater longitudinal convexity of the smoother side, and a more feebly
longitudinal concavity of the opposite side ; but this indication of a bend of the wind-
pipe is better marked in the next anchylosed pair of hoops (fig. 29), although they are
shorter, showing the common size. In these, at the convex part of the bend, the
coalescence is incomplete.

Figure 30 shows two coalesced rings, where the hoops thin off behind and the bony
texture is exposed by abrasion. This texture is coarse, and, with the character of the
truncate margins and of the rough parts of the outer surface, gives the hoops or
cylinders a cork-like appearance.

Sections of these tracheal rings (fig. 31, D. ingens? and fig. 32, D. robustus?) show
the varying thickness of the bone at opposite parts of the cylinder, the smoothness of
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the inner surface, and the denser character of the osseous texture at the thicker part
of the wall of some of the rings.

§ 9. Trachea of Aptornis defossor.
With a sternum, pelvis, and some other parts of the skeleton of Aptornis defossor,

more entire than those described in my Memoir No. XV.,and subsequently received,
were a few rings of the trachea, of elliptical shape, averaging 7 lines and 5 lines in the
two diameters (Pl. XCII.fig.7), with a depth of the hoop of11/2 line. These rings show
a pair of narrow notches, one at the upper, the other at the lower margin, at opposite
sides of the hoop, at its shorter diameter (ib.a, c). Inthe instance of two of these rings
in connexion, the partial and reciprocal overlapping or intussusception was defined by
or took place at these notches (ib. b).
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