
Memoir

on the

Genus Dinornis.

Introduction.

The brief history of the discovery of the Dinornis, a genus of gigantic terrestrial birds,
which appears to have become extinct within the historical period in the North Island
of New Zealand, like the Dodo in the island of Mauritius, willbe found in the Proceed-
ings of the Zoological Society for November 1839, and in the Society's Transactions,
vol.iii.p. 32, pl. 3. These papers contain the inferences deduced from the structure
of the shaft of a femur, which led to the first announcement of the former existence in
New Zealand of a large Struthious bird

"
of a heavier and more sluggish species than

the Ostrich."
As the fulldevelopment and confirmation of this idea is included in the following

pages, Iam induced, invindication of the fruitfulprinciple of physiological correlations,
the value of which as an instrument in the interpretation of organic remains there ap-
pears a tendency to depreciate in an otherwise estimable osteological work 2, to pre-
mise the abstract of my former communication published four years ago :

—
"

The fragment is the shaft of a femur, with both extremities broken off. The length
of the fragment is six inches, and its smallest circumference is five inches and a half.
The exterior surface of the bone is not perfectly smooth, but is sculptured with very
shallow reticulate indentations ;it also presents several intermuscular ridges. One of
these extends down the middle of the anterior surface of the shaft to about one-third
from the lower end, where it bifurcates ; two other ridges or lineæ asperæ traverse lon-

gitudinally the posterior concave side of the shaft ; one of them is broad and rugged,
the other is a mere linear rising."

The texture of the bone, which affords the chief evidence of its ornithic character,

presents an extremely dense exterior crust, varying from one to two lines in thickness ;

then there occurs a lamello-cellular structure of from two to three lines in thickness.
The lamellæ rise vertically to the internal surface of the dense wall, are directed ob-
liquely to the axis of the bone, decussate and intercept spaces which are generally of
a rhomboidal form, and from two to three lines in diameter. This coarse cancellated
structure is continued through the whole longitudinal extent of the fragment, and im-

2 The
'
Osteographie' ofProf. De Blainville.1 \u0394\u03b5\u03b9\u03bd\u03bf\u03c2, surprising, \u03bf\u03c1\u03bd\u03b9\u03c2, bird.
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mediately bounds the medullary cavity of the bone, which is about one inch in diameter
at the middle, and slightly expands towards the extremities. There is no bone of similar
size which presents a cancellous structure so closely resembling that of the present bone
as does the femur of the Ostrich ;but this structure is interrupted in the Ostrich at the
middle of the shaft where the parietes of the medullary, or rather air-cavity, are smooth
and unbroken. From this difference Iconclude the Struthious bird indicated by the
present fragment to have been a heavier and more sluggish species than the Ostrich ; its
femur, and probably its whole leg, was shorter and thicker. It is only in the Ostrich's
femur that Ihave observed superficial reticulate impressions similar to those on the
fragment in question. The Ostrich's femur is subcompressed, while the present frag-
ment is cylindrical, approaching in this respect nearer to the femur of the Emeu ; but
its diameter is one-third greater than that of the largest Emeu's femur, with whichI
have compared it."

The bones of the extremities of the great Testudo elephantopus are solid throughout.
Those of the Crocodile have no cancellous structure like the present bone. The can-
cellous structure of the mammiferous long bones is of a much finer and more fibrous
character than in the fossil."

Although Ispeak of the bone under this term, itmust be observed that it does not
present the characters of a true fossil; it is by no means mineralized : it has probably
been on, or in, the ground for some time, but still retains most of its animal matter.
Itweighs seven ounces twelve drachms, avoirdupois."

The discovery of a relic of a large Struthious bird inNew Zealand is one ofpeculiar
interest, on account of the remarkable character of the existing Fauna of that Island,
which still includes one of the most extraordinary and anomalous genera of the Stru-
thious order, and because of the close analogy which the event indicated by the present
relic offers to the extinction of the Dodo of the island of the Mauritius. So far as a
judgement can be formed of a single fragment, it seems probable that the extinct bird
of New Zealand, ifitprove to be extinct, presented proportions more nearly resembling
those of the Dodo than of any of the existing Struthionidæ ."

Any opinion, however, as to its specific form can only be conjectural : the femur of
the Stilt-bird (Himantopus) would never have revealed the anomalous development of
the other bones of the leg ; but so far as my skill in interpreting an osseous fragment
may be credited, Iam willing to risk the reputation for it on the statement that there
has existed, ifthere does not now exist, in New Zealand, a Struthious bird nearly, if
not quite, equal in size to the Ostrich 1."

The first letter received by me from New Zealand, confirming this announcement and
acquainting me with the existence of the specimens described in the present communica-
tion, was writtenby my friend the Rev. Wm. Cotton, M.A.,and has been already published
in the Proceedings of the Society 2. Inow subjoin, by Dr.Buckland's permission, the

1 Proc. Zool. Soc., November 12th, 1839. 2 Ibid.January 10th, 1843.
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letter 1 addressed to him by the Rev. Wm. Williams, a zealous and successful Church
Missionary long resident in New Zealand, on the occasion of transmitting to Dr. Buck-

1
"

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

—
Itis about three years ago, onpaying a visit to this coast, south of the East Cape, that the

Natives told me of some extraordinary monster which they said was in existence in an inaccessible cavern on
the side of a hillnear the river Wairoa ;and they showed me at the same time some fragments of bone taken
out of the beds of rivers, which they said belonged to this creature, to which they gave the name of

'
Moa.'

When Icame to reside in this neighbourhood Iheard the same story a littleenlarged, for itwas said that the
creature was stillexisting at the said hill,of which the name is

'
Wakapunake,' and that it is guarded by a reptile

of the Lizard species, but Icould not learn that any of the present generation had seen it. Istill considered
the whole as an idle fable, but offered a large reward to any one who would catch me the birdor its protector.
At length a bone was brought from a river running at the foot of the hill,of large size, but the extremities
were so much worn away that Icould not determine anything as to its proper relationship. About two months
ago a single bone of smaller size was brought from a freshwater stream in this bay, for which Igave a good
payment, and this induced the natives to go in large numbers to turn up the mud at the banks and inthe
bed of the same river, and soon a large number of bones was brought, of various dimensions. On a comparison
with the bones of a fowl,Iimmediately perceived that they belonged to a bird of a gigantic size. The bones
of which the greatest number have been brought are the three bones of the leg, a few toe-bones, and one claw,

which is one inch and a half inlength, a few imperfect pelves, and a few vertebrae of different dimensions, and
one imperfect cranium, which is small. There are also a few broken pieces, which seem to be ribs. In the
case now sent you willreceive the largest specimens Ihave obtained, and also a few of smaller size. The length
of the large bone of the leg is two feet ten inches. Ihave a second case, whichIshall send by another vessel,

to make sure of your receiving them. Ifthe bones are found to be of sufficient interest, Ileave it to your
judgement to make what use of them you think proper ;but if the duplicates reach you, perhaps one set may
withpropriety be deposited inour museum at Oxford."

The following observations may not be devoid of interest :
—

"
1st. None of these bones have been found on dry land, but are allof them fromthe bed and banks of fresh-

water rivers, buried only a little distance in the mud;the largest number are from a small stream inPoverty
Bay, Wairoa, and at many inconsiderable streams, and all these streams are in immediate connexion withhills
of some altitude."

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

"
3rd. That they existed inconsiderable numbers. Ihave received perfect and imperfect bones of thirty

different birds."
4th. Itmay be inferred that this bird was long-lived, and that it was many years before it attained its full

size :out of a large number of bones, only one leg-bone now sent is of the size two feet ten inches ;two others
are two feet six inches, one of whichIshall send hereafter. The rest are allof inconsiderable size.

"
5th. The greatest height of the bird was probably not less than fourteen or sixteen feet. The leg-bones

now sent give the height of six feet from the root of the tail. Iam told that the name given by the Malays to

the Peacock is the same as that given by the natives to this bird."
Within the last few days Ihave obtained a piece of information worthy of notice. Happening to speak to

an American about the bones, he toldme that the birdis stillinexistence inthe neighbourhood of Cloudy Bay,
inCook's Straits ;he said that the natives there had mentioned to an Englishman of a whalingparty that there
was a birdof extraordinary size to be seen onlyat night on the side of a hillnear there ;and that he, with the
native and a second Englishman, went to the spot ; that after waiting some time they saw the creature at some

little distance, which they describe as being fourteen or sixteen feet high. One of the men proposed to go
nearer and shoot, but his companion was so exceedingly terrified, or perhaps both of them, that they were satis-
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land the instructive series of rare specimens with which the active spirit and enlightened
liberality of their collector have enriched the scientific collections of his native land.

Itwillbe seen from that letter that Mr.Williams had confirmed, by comparison with
the bones of the common fowl, the traditional statement of the natives of New Zealand
relative to the huge bones which they at different times brought to him, in regard to the
class of animals to which they belonged ;he has, therefore, a just claim to share in the
honour of the discovery of the Dinornis, since, whilst collecting and comparing its os-

seous remains, he was wholly unaware that its more immediate affinities had already
been determined inEngland.

By means of the specimens first transmitted by Mr.Williams to Dr.Buckland, and
generously confided to me by that distinguished Geologist, Iwas enabled to define the
generic characters of the Dinornis, as afforded by the bones of the hind extremity 1 :by
the favour of a like disposition of Mr.Williams's second and richer collection of bones,
and from three additional specimens confided to me, in the same liberal spirit, by Dr.
Richardson of Haslar Hospital, evidence has been obtained of six distinct species of the
genus, ascending respectively from the size of the Great Bustard to that of the Dodo,
of the Emeu, of the Ostrich, and finally attaining a stature far surpassing that of the
once-deemed most gigantic of birds.
Ishall first enumerate the specimens of the bones which Ihave examined and com-

pared, then proceed to point out their common generic characters, and finally their
specific differences.

List of Bones of the Dinornis collected by the Rev. Wm. Williams in Poverty Bay, New
Zealand, and transmitted to England.

Nos.
v 1. Middle cervical vertebra.
v 2. Posterior cervical vertebra.
v3. Posterior cervical vertebra.
v 4. Anterior dorsal vertebra.
v 5. Middle dorsal vertebra.
p 1. Anterior part of pelvis.
p 2. Right os innominatum.
p 3. Fragment of os innominatum.

fied with looking at him, when ina littletime he took the alarm and strode away up the side of the mountain.
This incident might not have been worth mentioning, had itnot been for the extraordinary agreement inpoint
of size of the bird. Here are the bones, whichwillsatisfy you that such a bird has been, and there is said tobe
the livingbird, the supposed size of which, given by an independent witness, precisely agrees. Should I
obtain anything more perfect you willnot fail to hear from me, and inthe meantime may Irequest the favour
of your opinion on these bones, and also the information whether any others of similar character have been
found elsewhere ? "

Ibeg to remain, dear Sir,your obedient servant,"
To Dr.Buckland, &c. &c."

"
WilliamWilliams."

1 Proceedings of the Zoological Society, January 10th, 1843.
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Nos.
p 4. Pelvis, nearly entire.
p 5. Ditto, more fractured.
f1. Shaft of femur, right (one foot four inches long when entire) .
f2. Femur, right (one foot one inch long).
f3. Ditto, right, extremities broken.
f4. Shaft of femur, right.
f5. Femur, right.
f6. Ditto, right.
f7. Ditto, right.
f8. Ditto, right.
f9. Shaft of femur, right.
flO. Ditto, right.
f11. Ditto, left.

f12. Femur, left.

f13. Ditto, left, extremities broken.

f 14. Ditto, left, ditto ditto.

f 15. Shaft of femur, left.

f16. Femur, left.

f17. Ditto, left.

f18. Shaft of femur, left.
t 1. Tibia, left (two feet eleven inches long).
t 2. Ditto, left (two feet five inches long).
t 3. Ditto, left.
t 4. Ditto, left.
t 5. Shaft of tibia, left (part of).
t 6. Ditto, right.
t 7. Ditto, right (more broken).
t 8. Tibia, right.
t 9. Ditto, right.

t10. Shaft of tibia, right.
t 11. Tibia, right.
m 1. Tarso-metatarsal bone, left (eighteen inches and a half long, five inches across

distal end).

m 2. Tarso-metatarsal bone, left, ends broken.
m 3. Ditto, left.
m 4. Ditto, left.
m 5. Ditto, left.
m 6. Shaft of ditto, left.

ph. 1. A second phalanx.
ph. 2. A third (?) phalanx.

Total number of bones 47.



78

The first cursory comparison of the femora, tibiæ, &c. sufficed for the recognition of
common characters, by which, notwithstanding their very different sizes, they appeared
to be generically related to each other, and were readily distinguishable from their ana-

logues in the skeletons of the existing Struthious birds.
Amuch closer inspection and cautious consideration were obviously required, inorder

to determine satisfactorily whether the different-sized bones belonged to different-aged
birds of the same species, or to distinct species differing in size. Guided by the seldom-
failing law, that distinctive characters are most strongly developed in the peripheral
parts of the body, Ifirst collected together and examined the bones of the foot, and for-
tunately found for comparison three tarso-metatarsal bones of the same side, the left,
and of very different sizes.

Metatarsi. (Plates XXa, XXVII.and XXVIII.)

Ishall first premise the common or generic characters of the tarso-metatarsal bone of
the Dinornis, and, indetailing the subsequent comparisons of the different- sized bones,

shall refer to them, as afterwards to the tibiæ, femora, &c., by the numbers they bear in
the foregoing list, which willobviate much unnecessary repetition.

The tarso-metatarsal bone of the Dinornis consists of the tarsal and of three primi-
tively distinct metatarsals blended together, and forming, as usual, a single bone, divided
at the distal extremity into three trochlear articulations, for the three toes. The prox-
imal articulation presents two concavities, the inner one the deepest, and the dividing
ridge is slightly produced upwards at its anterior termination into a conical obtuse
process. At the middle of the back part of the proximal end there are two short and
thick longitudinal ridges, divided by a deep round groove for the flexor tendon of the
toes : the ridges are supported by a thick longitudinal eminence, which is continued
down the middle of the back- part of the bone to a varying distance in the different bones,
gradually subsiding as it descends. On each side of the upper part of this median
longitudinal eminence there is a foramen, as in most other birds, from which a shallow
and narrow longitudinal canal is continued in the larger metatarsi for some distance
down the bone : there are no other canals, nor any longitudinal angular ridges at the
back part of the metatarsus ;nor is there the slightest trace of a surface for the attach-
ment of a hind-toe. On the anterior part of the bone, near the proximal end, there is
the usual depression, in which the canals continued from the two posterior foramina
terminate by a single foramen :below the depression there is a rough surface, for the in-
sertion of the tendon of the tibialis anticus, from which point a median wide and shallow
channel extends a certain way down, and divides into two shallower depressions, which
diverge to the interspaces of the distal articular condyles : the margins of all these de-
pressions are rounded off,and the general surface of the anterior, as of the posterior part

of the metatarsus, is smooth and rounded : this, with the great breadth of the bone as
compared with the metatarsi of other struthionidæ and tridactyle Grallæ, constitutes the

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-020a_3000.jpg
http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-027_3000.jpg
http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-028_3000.jpg
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principal generic character of the tarso-metatarsal bone in the Dinornis. The interspaces
of the three articular terminations are wider, the two lateral ones diverging more, and
being of larger size than usual ; they have also the median trochlear groove, but not so
deep as in the middle articular process.

A section of one of the smaller metatarsals shows the confluent compact walls of the
three primitive constituents of the shaft, and the two thin bony partitions dividing the
cavity of the bone into the three separate medullary canals, as far down as the middle
of the shaft, where they cease, and a common medullary cavity is formed : the lower
part of the common medullary cavity is divided by a single septum into two canals,
which are continued into the coarse cellular structure of the divisions supporting the
articulations of the inner and middle toes, as inmost other birds. Pl XXIX.fig. 5.

The length of the tarso-metatarsal bone in the Dinornis is about half that of the tibia,
as willbe afterwards more particularly demonstrated. In the tridactyle Emeu the tarso-
metatarsal bone is as long as the tibia ; in the Ostrich and the Bustard it is a little
shorter than the tibia. The still shorter proportion which it bears to the tibia in the
Apteryx of New Zealand forms a striking resemblance between this bird and the Dinor-
nis. But the Apteryx is distinguished from the larger Struthionidæ not more by its
elongated slender bill than by the presence of a fourth small toe on the inner and back
part of the foot, articulated to a slightly raised rough surface of the tarso-metatarsal,
about a fourth of the length of that bone from its trifiddistal end : the Dodo was also
tetradactyle, like the Apteryx. Thus the tarso-metatarsal bone of the Dinornis distin-
guishes that bird generically by its structure from the two last-named struthionidæ, as
it does by its shorter and stouter proportions from the Cassowary, the Emeu and the
Rhea : the three well-developed anterior toes more obviously distinguish the Dinornis
from the didactyle Ostrich.

Proceeding now to the comparison of the three most perfect tarso-metatarsal bones
of the Dinornis with each other, it willbe obvious, from the subjoined table of admea-
surements, that they differ from each other in their proportions as well as in their size.

Dimensions of the Tarso-metatarsals.

Thus the circumference of the middle of the shaft is as 11 to 37, or less than one-third,
in the longest bone (m1)2 ;in the second- sized entire bone (m 3)3 it is a littlemore than

1 According to the probable proportions of the articular extremities, when entire.
2 Pl. XXVII.fig. 1. 3 Ib. fig. 2.

0 90 91 11 21 6'hickness, or antero-posterior diameter of ditto ....
1 31 51 61 61 11ireadth of middle of shaft \u25a0

3 04 05 1ireadth of distal end
3 33 34 34 35 6iircumference

m 4.
In. Lin.
6 10

m5.
In. Lin.
7 0

m3.
In. Lin.
12 0

m 2.
In. Lin.
14 1 0

m 1.
In. Lin.
18 6lengthlength

m 1.
In. Lin.
18 6

m 2.
In. Lin.
14 1 0

m3.
In. Lin.
12 0

m5.
In. Lin.
7 0

m 4.
In. Lin.
6 10

iircumference 5 6 4 3 4 3 3 3 3 3
ireadth of distal end 5 1 4 0 3 0
ireadth of middle of shaft \u25a0 1 11 1 6 1 6 1 5 1 3
'hickness, or antero-posterior diameter of ditto .... 1 6 1 2 1 1 0 9 0 9

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-029_3000.jpg
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one-third ;in the smallest metatarsal (m 4)1itis a littlemore than one-half. Again, the

breadth of the distal end of the smallest metatarsal is nearly one-half the length of the
bone ; in m3itis just one-third ; in m 1 it is two-sevenths. The difference is well
marked in the proportions of the breadth or lateral diameter of the shaft, as compared
with the thickness or antero-posterior diameter, but is less between m 1 and m 3 than
between either of these and m4or m5. In regard to these smallest-sized metatarsals,

they both present differences of configuration when compared with the larger metatarsals,

besides those indicated by the admeasurements, which assist inestablishing a distinction
of species : the distal end of the bone is more suddenly expanded than in the larger speci-
mens; the proximal posterior prominence of the middle division of the metatarsal more

rapidly subsides as it descends ; there is no longitudinal channel continued downwards
from the hole on the inside of this prominence, such channel being as well marked in the
larger metatarsals as the outer one ;the shallow concavity on the outside of the promi-
nence is relatively broader inthe smaller metatarsals. The inner concavity ofthe proximal
articular surface is relatively deeper in m4. The median longitudinal concavity, below
the rough depression at the anterior part of the proximal end of the bone, is hardly dis-
cernible inm4, but is well marked inm 1 and m3. Finally, the small metatarsal, which
is but half the length of m3, and but one-third the length of m 1, has all the characters
of the compound tarso-metatarsal ina fullymature bird: there is no trace of the original
separation of the proximal epiphysis ; and, with respect to that of the three primitive
constituents of the shaft of the bone, it is as obscurely indicated as in other old tridactyle
birds, by the two small holes at the back and upper part of the bone. Iinfer, there-
fore, from the smallest metatarsals, m4 and m 5, which have the same characters and
nearly the same size, the former existence of a distinct species of three-toed Struthious
bird, differing from the larger species ofDinornis inits relatively shorter and broader me-
tatarsus. In this character the present species of Dinornis closely resembled the extinct
Dodo (Didus ineptus, Linn.) of the Isles of France and Rodriguez ; and as it could not
have been greatly superior in size,Ipropose therefore to designate itDinornis didiformis.

Like the larger species of Dinornis, there is not the slightest trace of the articulation
of a fourth or posterior toe in the metatarsal of the Dinornis didiformis ;the generic di-
stinction fromDidus and Apteryx being thus distinctly indicated inallthe tarso-metatarsal
bones of the present collection.

Ifthe different proportions and configurations of the smallest tarso-metatarsal bones
justify the conclusion that they belonged to a particular species of Dinornis, by parity of
reasoning the same inference must be drawn in regard to the intermediate-sized tarso-
metatarsal, m3, which is far from repeating the proportions of the largest bone, ml,as
the table of dimensions already referred to demonstrates :m3is in fact a more robust
bone, inproportion to its length ;the anterior longitudinal concavity, commencing below
the rough depression, is deeper ;the channel leading to the cleft between the condyles

1Pl. XXVII.fig. 3—6.
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for the outer and middle toes is also relatively narrower and deeper ; the posterior com-

mencement of the middle condyle projects further and more abruptly in m 3 than in
m 1 ;the posterior part of the distal half of the bone is more convex.

These may perhaps be deemed by some Ornithologists to be slight or trivial differ-
ences; yet, taken in connection with the greater breadth and thickness of the bone, in
proportion to its length, they unquestionably support the conclusions of specific distinc-
tion deducible from those proportions.

The Physiologist contending for a difference of age merely in the birds to which the
bones m 1 and m3belonged, must be prepared to show that in other large Struthious
birds the tarso-metatarsal bones alter in their proportions as well as their size in the
progress of growth, and that they are thicker and more robust in the young than in the
old birds. The contrary, however, is the case in the Ostrich and the Common Fowl.
In the great existing Struthious bird more especially, which offers the most instructive
analogy in the present comparison, the tarso-metatarsal bone is relatively more slender
inproportion to its length in the young bird than inthe old, at least at the period ofgrowth
when the tarso-metatarsal bone has attained two-thirds its full size, which is precisely
the proportion which the bone of the Dinornis m 3 bears in length to the bone m 1.

But the comparison with the bones of the young Ostrich brings to light another cha-
racter, which effectually decides the question of the relation between the two different-
sized bones of the Dinornis under consideration. Inall birds the tarso-metatarsal bone,
as is well known, is an aggregate of several distinct ossicles, the primitive separation of
which continues longest in those birds whose respiratory, circulating and muscular
energies are least developed. Thus in the Penguins the three metatarsal bones are al-
most quite distinct from one another throughout life; and in the Ostrich and other
Struthionidæ deprived of the power of flight, the primitive separation of the metatarsals
continues at their extremities tonearly fullgrowth. In the tarso-metatarsal bone of the
young Ostrich 1,which is figured to illustrate this condition, and which is rather more
than two-thirds the length of the same bone in the mature bird, the tarsal bone, which
seems to represent a proximal epiphysis, is still a detached bone, and the posterior
channel of the metatarsus deepens and widens as it approaches the proximal extremity,
and is finally lost in the two deep and narrow clefts which divide the proximal ends of
the three constituent metatarsals from each other.

But the tarso-metatarsal of the Dinornis, m32 has allthe characters ofthe bone ofnot
only a mature but an aged bird. The tarsal bone is completely confluent with the
upper ends of the metatarsals, and these are blended with each other, as far as their
diverging distal condyles. The traces of the proximal separation are limited to a rough
depression and a round excavation above it,on the anterior part of the bone, and to the
two small perforations on the posterior part, the relics of the original fissures. He,
therefore, who would contend that the tarso-metatarsal bone m 3 has belonged to a young

1 Pl. XXVIII.fig.1&2. 2 Pl. XXVII.fig. 2.
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individual of the same species of Dinornis as that to which the great tarso-metatarsal
bone m 1belonged, virtually assumes that the relations which modify the progress of
ossification were different in the Dinornis from what they are in the Ostrich, and that a

bird which, from the non-extension of the air-cells into the femur, was as poorly en-

dowed withpowers of flight as the Apteryx, and consequently possessed of as compara-
tively low circulating and respiratory energies, must at the same time have enjoyed as

rapid an ossification of the skeleton as the Swallow; postulates which, being contrary
to known physiological correlations, are inadmissible.

Since, therefore, the tarso-metatarsal m3 combines with the characters of a fullyde-
veloped bone, a marked difference of size, different proportions, and some minor modi-
fications of form, as compared with the large bone m 1,it must indicate a second species
of Dinornis, which, as it attained, as willbe presently shown, the average height of the
Ostrich (Struthio camelus), Ishall call Dinornis struthoides.

That the Dinornis struthoides is, in fact, a good and true species, is put beyond all
cavil or doubt by the existence of a tarso-metatarsal bone (m 2)1 which is longer than

m3, but agrees in the proportions and form of its shaft with m 1, and manifests the
same characters of immaturity which have been already noticed in the corresponding
bone of the young Ostrich. Here, therefore, we actually have, what m 3 might have
been mistaken for, a bone belonging to a young individual of the gigantic species
(Dinornis giganteus).

The condition of this young bone demonstrates, what could not indeed be reasonably
doubted, that a more tardy ossification coexists inthe Dinornis, as in other struthionidæ ,
with the absence of the powers of flight; and as such a condition in the present bone
establishes the maturity of the tarso-metatarsal bone m 3, which it exceeds in length,
it proves, à fortiori, that the smallest tarso-metatarsal, with allthe characters of mature

age, could not have belonged to a young individual of either of the two larger species.
Or, in other words, ifthe young of the Dinornis giganteus, when the shaft of its tarso-

metatarsal bone is eleven inches long, manifests evident marks of immaturity, these
characters ought to have been more strongly marked in the shorter tarso-metatarsals
m32 and m 5 3, ifthey had really belonged to young individuals of the largest species.
The marks of immaturity in the shaft of the tarso-metatarsal of the young Dinornis gi-
ganteus, m 2, are the gradual deepening and widening of the anterior median channel of
the shaft as it approaches the proximal end of the bone, untilit divides into the fissures
separating the proximal ends of the three constituent metatarsals, which extremities in
the specimen are broken off immediately above the point where they begin to coalesce.
In a specimen of the tarso-metatarsal bone, m 6, of the Dinornis didiformis, in which the
proximal end is broken offa few lines above the anterior rough depression which indi-
cates the primitive dividing groove, the constituent metatarsals are faintly indicated by

1 Pl. XXVIII.fig. 3. 2 Ib.fig. 5. 3 Ib. figs. 6 & 7.
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two diverging lines of a denser cancellous structure, where the unclosed fissures exist in
the younger bone. The shaft of the bone m6, which is less than half the length of the
mutilated one of the immature Dinornis giganteus, equals it inbreadth.

Tibiæ. (Plates XXV.and XXVI.)

The chief generic characters of the tibia of the Dinornis are, the broad and wide con-

cavity (Pl. XXVI.a) anterior to the proximal articular surface, the great breadth of the
ascending wall of bone, ib. b, for the implantation of the rotular or extensor tendon,

and, at the distal end, the slight anterior production of the lateral ridges of the trochlea.
All these characters are very strikingly distinctive when the tibia of the Dinornis is
compared with that of the Ostrich ; the difference is less, though well marked, in rela-
tion to the Emeu or Apteryx. The tibia of the Dinornis differs from that of allknown
existing Struthious birds in the presence of the canal above the distal trochlea on the
anterior and inner side of the bone, formed by the oblique osseous bridge (Pl. XXV.f)
across the extensor tendon. The affinity of the Dinornis to the Bustard and other
Grallæ is indicated by this structure. The inner condyle or division of the distal
trochlea, ib. g, is relatively more produced backwards than in the Struthionidæ and
Grallæ generally.

The anterior crista (Pl. XXV.c) at the head of the bone is less developed than usual.
The longitudinal ridge (Pl. XXVI.d) for the fibula on the proximal half of the bone is
wellmarked ;but the fibula has not been anchylosed to it,nor is there any trace of that
bone in the present collection. The orifice of the medullary artery (Pl. XXVI.e) is
close to the termination of the fibular ridge.

Notwithstanding the great length of the largest tibiæ, they are relatively thicker than
in the Ostrich and other known long-legged birds ; and this character of strength is
more marked in the smaller tibiæ. Of the eleven more or less complete tibiæ in the
present collection six are nearly of the same size ; four of these, t3,t4, t 8 and t 9
(Pl. XXV.&XXVI.fig. 2.), which are entire and average a length of fifteen inches and
two-thirds, do not vary in length to the extent of one inch : the two shafts, t 5 and t10,
belonged to tibiæ of the same dimensions. The three tibiæ, tl,t2, t 6, which are
double the dimensions of the foregoing, vary in length five inches, the shortest of the
three (Pl. XXV.&XXVI.fig.1.) being twenty-nine inches inlength, the longest thirty-
five inches, and the one with incomplete extremities, t 6, obviously being of interme-
diate length. The length of the second long shaft, t7, must have been nearly midway
between fifteen and thirty-four inches. The tibia, t 11 (Pl. XXV.& XXVI.fig. 5.), is
not longer than that of the Great Bustard (Otis tarda).

Both this and the tibiæ t 3, t 4, t 8, t 9 have the characters of maturity as well
marked as in the two largest tibiæ, butIshall at present limit the comparison between
t 2 and t 4, as the respective representatives of the gigantic bones, and of the four tibiæ
which present half their dimensions.
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Areference to the subjoined table of admeasurements will show that t 4 (Pl. XXV.

& XXVI.fig. 3.) is thicker inproportion to its length, has relatively broader proximal
and distal extremities, and a longer ridge for the attachment of the fibula.

The anterior ridge c at the proximal end of the bone is nearer the middle in t 4 than

in t 2 (Pl. XXV.& XXVI.fig. 1.), the interspace between that and the external ridge
being of the same breadth in both, notwithstanding the difference of total breadth.

The external proximal ridge curves more abruptly outwards from the shaft of the bone
in the small than in the large tibia, whereas the contrary character ought to have been
manifested if the difference of size had depended on difference of age, such muscular
ridges being more strongly produced in old than in young birds. The shaft of the bone
is flatter antero-posteriorly, compared with its breadth, in the small than in the large
tibia, and is more nearly triedral, owing to the greater flatness of the inner and anterior
surface and the less rounding off of the inner margin. Allthe four tibiæ of from fifteen
to sixteen inches in length correspond in these differential characters, when compared
with either of the two gigantic tibiæ ; and the two mutilated shafts of the smaller tibiæ
equally differ in the subtriedral character from the mutilated shaft of the large tibiæ.

At the distal end of the bone, the angle formed by the posterior contour of the con-
dyles is of a different form in t 2 (Pl. XXV.fig. 2.) and t 4 (Pl. XXV.fig. 4.) : in the
latter the outer condyle forms a greater proportional share of the articular surface, and
the line of the inner one g extends more abruptly backwards.

Allthe shorter tibiæ, as before observed, present the characters of fullmaturity ; the
ridge for the fibula and those at the proximal end of the bone are quite as strongly de-
veloped as in the tibiæ of double the length.

In the tibia of a half-grown Ostrich Ifind the antero-external ridge, which in the
adult projects strongly from the head of the bone, in the state of cartilage, the fibular
ridge undeveloped, and both articular extremities in a state of epiphysis and incom-
pletely ossified : the same conditions which influence, as has been already remarked,
the tardy ossification inthe Ostrich must have been stillmore operative in the Dinornis,
in which the absence of air in the femur indicates as low a development of the respira-
tory system as in the Apteryx.

Ifthis reasoning be admitted to establish the maturity of the bones t 3, t 4, t 8, t 9,
it equally proves that of the tibia t 11 (Pl. XXV.& XXVI.fig. 5.), which bears the

1 According to the obvious proportions of the articular extremities when entire.

3 60 00 06 107 00 012 0Fibular ridge extends down. .13 0

1 110 00 04 04 15 05 3Circumference of middle.... 6 6

1 30 00 02 42 40 03 7Breadth of distal end 4 0

2 00 00 04 54 60 06 2Breadth ofproximal end .... 7 6

In. Lin.
8 9

In. Lin.
15 4

In. Lin.
15 4

In. Lin.
15 6

In. Lin.
16 3

In. Lin.
25 1 0

In. Lin.
29 0

In. Lin.
Length 35 0

F 11.t 9.ts.F 3.f4.ti.t%.Tibia. \ hTibia. \ h t%. ti. f4. F 3. ts. t 9. F 11.
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16 3
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15 4
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15 4
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Breadth of distal end 4 0 3 7 0 0 2 4 2 4 0 0 0 0 1 3

Circumference of middle.... 6 6 5 3 5 0 4 1 4 0 0 0 0 0 1 11
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same proportion to the bone of sixteen inches in length, as this does to that of thirty-
five inches. The tibia of eight inches and two-thirds in length, t11, has its articular ex-

tremities as completely ossified and confluent with the shaft, and its proximal and fibular
ridges as strongly developed, as in the larger tibiæ. The shape of its proximal articu-
lation (Pl. XXVI.fig. 6.) differs more from that of t 4 than this does from that of t 2 ;

the tibial half is broader from behind forwards than transversely ; the anterior ridge at

the proximal end is nearer the middle of the bone than in t 4, à fortiori, nearer than in
t2; the inner side of the bone is more rounded or less angular, especially at the proxi-
mal half of the shaft ; the transverse diameter of the shaft is proportionally less than the
antero-posterior one ; the posterior notch between the distal condyles is deeper, and the
inner condyle (Pl. XXV.fig. 6.g) is more compressed laterally, and is produced further
backwards. There is no tarso-metatarsal to match the tibia tll: this bone unequivo-
cally establishes a fourth species of cursorial bird, which, from the agreement of the bone
inits general characters with the tibiæ of the larger species, most probably belonged to

the same genus, Dinornis, but did not surpass in size the Great Bustard (Otis tarda).
Ipropose, therefore, to name the species to which it belonged, Dinornis otidiformis.

The distal articular surface of the longest tibia, t 1, fits the proximal joint of the
longest tarso-metatarsal, ml. There is no tarso-metatarsal bone corresponding with
the tibia t2. This bone agrees more closely in its proportions and configuration with
t 1 than with t4 : from the latter it is evidently specifically distinct, but less clearly so
from the largest tibia. Yet the difference of size is sufficiently striking ; too great,

without other evidence, to justify the assumption that itdepends on difference of sex ;

and the mature characters of the shorter bone t 2 militate against the supposition of
a difference of age. At the proximal extremity the external ridge is relatively less
produced but thicker and stronger in t 2, and the internal condyle or boundary is
broader in t2. In the next section we shall find that there are different-sized femora
with equally mature characters which correspond respectively with t 1 and t 2. These
considerations induce me to regard t 2 as indicative of a distinct species of Dinornis
which must have stood about nine feet in height, and may be provisionally called
'Dinornis ingens.'

The smallest tarso-metatarsal bones in the present collection, m 4, m 5, m 6, corre-
spond precisely with the tibiæ t3,t4,t 8, t 9. The proportions of the shaft t 7 cor-
respond with those of the intermediate metatarsal, m 3.

Femora. (Pl. XXI.XXII.XXIII.XXIV.)

The femur is remarkable for its great strength and the expansion of its extremities :

the smallest diameter of the shaft is one-seventh the length of the entire bone. The
trochanter ais unusually broad, thick and elevated ; the distal extremity is still more
remarkable for its great size, and especially for the breadth of its rotular concavity d.
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The shaft is rounded, not compressed and subtriedral as in the Ostrich : in no bird are

the muscular ridges and tuberosities so strongly developed on the posterior part of the

shaft : the orifice of the medullary artery is at the middle of this surface. The popli-
teal space is deeply excavated. There is a rough deep oval depression at the upper
and back part of the outer condyle. Inonly one out of eighteen femora are the pa-
rietes of the bone deficient at the part where the air is admitted into the interior of
the shaft in the Ostrich, Emeu, Rhea, and Cassowary ;but in the exceptional instance
cited (Pl. XXIX.fig. 1.) the cavity h does not lead to the interior of the bone, and may
be due to accidental fracture, as there is a similar opening on the opposite side. Inall
the other femora of the Dinornis the parietes at the back part of the proximal extremity
of the bone are entire, as in the Apteryx ; and both the weight and cancellous structure

of these bones prove the accuracy of the statement made in the description of the ori-
ginal fragment, that the Dinornis retains the medullary contents of the cavities of the
femur throughout life, as in the Apteryx, which is the only other known example of a

terrestrial bird in which the air is not admitted into any of the bones of the ex-

tremities.
The absence of the air-hole and air-canal, the great thickness of the dense bony wall

of the medullary cavity of the shaft 1, the tuberosities on the back part of the shaft, the
great size of the distal end of the femur, and especially the great breadth of the rotular
cavity, constitute the chief generic characters of this bone in the Dinornis.

Dimensions of the Femora.

Of the eighteen femora transmitted to England, eleven of which are more or less
complete, and the dimensions of most given in the subjoined table, there is a more
regular gradation of size than in the tibiæ and metatarsi ; and, as the table demonstrates,
a greater correspondence in their general proportions.

Nevertheless it is obvious that there is a similarity of size ina certain number, which,
ifthe maturity of the bones be granted, must therefore indicate particular species. Thus,
whether we glance at the series of the bones themselves, or on the table of admeasure-
ments, we have no hesitation in grouping together f6 andf16, the length of which
ranges between 9\u2153 inches and 9½ inches :f13, though similar in length, is obviously a

1 Compare fig.1 with fig. 2 inPl. XXIX.
2 According to the obvious proportions of the articular extremities ifentire.
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thicker and stronger bone, and yet has more signs of immaturity. We inlike manner
associate together f7,f8, f17, as not varying beyond a line from the length of eight
inches.

In the first four femora, f1,f2,f3,f12, enumerated in the table, there is a more
regular gradation of size. The left femur, f12, is eleven inches, and the shaft of a
right femur, f4, so precisely corresponds incircumference and other proportions as to

leave no doubt as to their similarity in length, and render it highly probable that they
belonged to the same bird. The femora f 2 and f3 were thirteen inches in length ;

and the shaft f1 indicates a femur of at least sixteen inches in length.
In an Ostrich the circumference of the femur, of the tibia, and of the metatarsus is

respectively five inches three lines, four inches three lines, and three inches seven lines.
Inan Emeu the circumference of the same bones is respectively three inches seven lines,

three inches four lines, and three inches.
From these analogies we may conclude that the shaft of the femur f1, with a cir-

cumference of seven inches and three lines, may have belonged to a Dinornis with the
largest tibia whose circumference is six inches six lines, and with the tarso-metatarsal
bone whose circumference is five inches six lines, the proportionate thicknesses of
these bones to each other being intermediate in their degrees to those presented by the
same bones in the Ostrich and the Emeu. It must be remembered that the relative
length ofthe femur and metatarsus is very different in the Dinornis from that in existing
struthionidæ , the Apteryx excepted ; but, according to the above collocation of the
femur, tibia and tarso-metatarsus of the largest Dinornis, the tarso-metatarsus exceeds
the femur in length by 2½ inches in this species, whichIhave named Dinornis giganteus.
The femurf2 presents a similar correspondence with the tibia t2; but its excess of
length over the tarso-metatarsus m 3 renders it very improbable that they could belong
to the same species, especially when the difference in their circumference is added,
that of the femur being six inches one line, that of the metatarsus four inches three
lines ;besides, the distal articulation of the tibia t2 is obviously too large for the arti-
culation of the metatarsus m3. The femurf12 offers the required correspondence
with the metatarsus m 3 of the Dinornis struthoides, which exceeds the length of that
femur by one inch, and is consequently but a little shorter in proportion than in the
largest species.

The tarso-metatarsus is proportionally still shorter in the third species (Dinornis didi-
formis), to whichIrefer the femora f7,f8,f17, the tibiæ t3, t4, t5, t8, t9, t10, and
the tarso-metatarsal bones m4,m5,m 6. The tibia,according to this allocation, being,
like that of the gigantic Dinornis, little more than twice the length of the femur, we
may with great probability associate the shaft of the tibia, which, when restored, gives
a length of twenty-five inches, with the femur of the Dinornis struthoides measuring
eleven inches in length.

The proportions of the three principal bones of the leg in the Ostrich, the Emeu, the
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Apteryx and the three species of Dinornis, as above restored, are given in the subjoined
table.

It willbe seen that in these three species of Dinornis the united lengths of the femur

and metatarsus equal or nearly equal that of the tibia, and that the metatarsus is rela-
tively shorter and thicker as the species decrease in size.

The femur f2 and the tibia t 2 of the Dinornis ingens have no metatarsus to match
them in the present collection : such a metatarsus should be fifteen inches in length.
Whether the Dinornis with a hind-leg of these proportions be actually a distinct species
from the Dinornis giganteus, or a smaller individual on account of age or sex, is a

question which, though the present evidence induces me to answer in the affirmative, I
should be glad to see confirmed by additional specimens.

With respect to the smaller femora, especially those numbered f7,f8,f17, if they
had belonged to the young birds of the larger species, their nonage would unquestionably
have been indicated by the characters of the bones. The femur of a young Ostrich,
bearing the same proportion to that of the adult whichf7 bears tof12, has the whole
upper surface of the proximal end and all the distal articulation covered with thick car-
tilage, and the line of the terminal epiphysis is conspicuous, although the uniting ossifi-
cation has commenced ; the trochanterian ridge is rounded off; the surface of the shaft
of the bone is smooth ; the muscular ridges quite undeveloped. In the small femora
of the Dinornis, f7,f8,f17, no trace of the separation of the terminal epiphyses
remains ; the sculpturing of the articular surfaces is sharp and bold;every ridge and
tuberosity indicative of muscular action is as strongly developed as in the largest
femora.

The same characters establish the maturity of the femora f6 andf16;f13 has the
muscular ridges and prominences less strongly developed. There are no tibiæ or me-
tatarsi which, upon the analogies and proportions adopted for the collocation of the
principal bones of the leg in the Dinornithes giganteus, ingens, struthoides and didiformis,
can be assigned to these femora. Regarding which, therefore, itis first to be inquired
whether they belong to immature individuals of Dinornis struthoides or to a distinct sex

1 Pl. XXX.fig. 1. 2 Ib. fig. 2. 3 Ib. fig. 4.
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Circumference of ditto.. 3 7 3 0 0 0 564 3 3 6



89

of Dinornis didiformis, characterized by superiority of size, or to a distinct species of
Dinornis.

Comparing the femora f6,f13 (Pl. XXIII:fig. 1.) andf16 (Ib. fig. 2.) with each
other, it was obvious that one of them differed inits proportions from the rest, f13 being
relatively thicker, as is shown in the plate and in the table of admeasurements. This
femur corresponded much more closely withthe femurf12 (Pl. XXI.fig. 3.) inits general
form, its ridges and tuberosities ;but these were less strongly developed, and the manner

and extent of abrasion of both proximal and distal articular surfaces would well accord
with the supposition of their having been inthat cartilaginous or less completely ossified
state which characterizes the femur of a bird not quite fully arrived at maturity. The
state of development of the muscular ridges and tuberosities forbids the reference of
this femur to a very young bird,but supports the conclusion that the bone had belonged
to an individual as far advanced in growth as is indicated by the difference in size be-
tween it and the femurf12.

The different condition and proportions of the two remaining femora, of 9½ inches in
length,f6 andf 16, establish their specific distinctions from the femoraf13,f12 and

f2. Of this Ithink no doubt can be entertained by any anatomical naturalist who
may inspect the plate (Pl. XXIII.)containing the figures off13 and f16, selected for
the comparison, or who may give due consideration to the following statement of their
differential characters.

These bones are of equal length but of unequal thickness : the shape of the shaft of
the bone is also different ; the relative antero-posterior diameter off13 is much greater
than that of f16, especially at the proximal end and trochanterial enlargement of the
shaft, and just above the inner condyle : the anterior surface of the proximal part of
the shaft presents a shallow equable concavity inf16 which is not present inf13. In

f16a pretty sharp ridge leads from the middle of the posterior surface of the shaft ob-
liquely to the upper and posterior angle of the inner condyle, and the posterior surface
of the expanded shaft above the condyles is regularly excavated by a moderate concavity
which is continued uninterruptedly into the inter-condyloid depression. Inf13 an

oblong rough tuberosity, with its long axis parallel with that of the bone, exists in the
place where we find the oblique ridge in the other bone, the tuberosity being separated
from the upper and posterior angle of the inner condyle by a smooth channel or de-
pression, which leads to an oval depression much deeper and more circumscribed than
is the corresponding concavity in f16. The complete development of the muscular
ridges and tuberosities, with the better preserved state of the articular extremities, show
the femur f16 to be a more mature bone than f13 ; the differences in proportion and
configuration prove it to belong to a distinct species from Dinornis struthoides.

We next come to the question whether the femora f6 andf16 belong to the species
Dinornis didiformis, founded on the femoraf7,f8,f17, the tibia t 3, t 4, t 5, t 8, t 9,

t 10, and the metatarsi m 4, m 5 and m 6, and whether the femora f 6 andf16
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represent a sexual superiority of size, or are specifically distinct from the shorter
femora.

If the discrepancy of the thickness of the shaft as compared with the length of the
bone be sufficiently obvious in femora of equal length, likef13 andf16 (Pl. XXIII.),it
becomes still more striking when the more robust proportions are exhibited in a femur
of shorter size, which is one of the first differences that strike the eye in comparing f6
and f16 (Pl. XXII.) withf7,f8 and f17 (Pl. XXIV.). The table of admeasurements
shows that the femurf17, which is one inch and five lines shorter than the femurf16, has
very nearly an equal circumference of the middle of the shaft, and a quite equal breadth
of the distal end, the antero-posterior diameter of the condyles being also the same in
both. If the comparison of these two femora be pursued intofurther details, itis seen

that the anterior margin of the great trochanter is more produced but narrower inf16
than inf17, that the anterior surface of the shaft is more convex, and that the anterior
curve of the outer condyle is shorter in the longer femur : the antero-posterior diameter
of the great trochanter and of the shaft, especially of that part leading to the outer

condyle, is less in the longer femur. With regard to the configuration of the popliteal
space, the same differences exist between f16 and f17 as have been already pointed
out between f16 and f13, viz. a circumscribed tuberosity (d, fig. 2. Pl. XXIV.)in
place of a continuous ridge (d, fig. 2. Pl. XXII.),a deeper and smaller instead of a shal-
lower and larger concavity, &c.

In regard to the relation of these differences to sex, it is to be observed, that the male
Ostrich slightly exceeds the female in size, and the difference between the two sexes of
the Apteryx is relatively greater, yet the femora and other bones of the leg do not differ
at all in proportions or configuration, but only in size, corresponding in degree with
the rest of the body. Iam not, indeed, aware of a single fact in the osteology of ex-

isting birds which would justify the conclusion that the differences presented by the
femur f16, as compared with f17, were merely sexual. Ithas already been shown
that the differences between f16, as compared with the femora f13 and f12, cannot
depend upon nonage, and, à fortiori, the femurf16 cannot be regarded as belonging to
a young individual of the gigantic species : there remains then only the conclusion that
itmust represent a fifthdistinct species, of which there are neither tibiæ nor metatarsi
in the present collection. Iventure to surmise that the tibia, and especially the tarso-
metatarsus of this species, willbe found relatively longer and more slender than in the
Dinornithes struthoides and didiformis : so much may be anticipated from the more
slender proportions of the femur, which, moreover, resembles the femur of the Emeu in
some of the characters by which it differs from the above species of Dinornis, viz. inthe
sharper anterior border of the great trochanter, the more equable and deeper concavity
between this border and the head of the femur, and in the uninterrupted ridge leading
from the middle of the back part of the bone to the inner condyle. The generic cha-
racters of Dinornis are, however, manifested in the absence of the air-hole and air-cavity
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of the femur, the greater robustness of the bone in this the least robust of the genus,
the much higher trochanter, the much wider distal extremity, and especially the wider
and shallower cavity for the patella. From the equality of size of this femur with that
of the Emeu, the species which it indicates may be termed Dinornis dromæoides.

Pelvis. (Plates XIX.XX.&XXa.)

1 See description of the sacrum inBirds, in the
'Cyclopædia of Anatomy,' art. Aves, p. 271.
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The four ribless sacral vertebræ, which in the Dinornis are interposed between those

which send their anchylosed ribs to abut upon the os innominatum anterior to the ace-
tabulum, and those which strengthen inlike manner the posterior part of the acetabu-

lum, are very short; their bodies have coalesced into a single mass of bone, smooth and

flattened below, rounded at the sides, and only recognizable as distinct bones by the

orifices for the nerves at the sides of the anchylosed mass : these orifices are double,

as in the sacrum of other birds 1, the two roots of the nerves escaping separately, the

motor root issuing by the lower, the sensitive root by the upper orifice.
The upper transverse process of the first sacral vertebra is a broad and thick piece

of bone, extending from the body and anterior articular process of the vertebra, and
having a deep and smooth excavation at its anterior part : in the Ostrich the correspond-
ing part is much smaller and is reticulated by the bars of bone dividing the orifices by
which the air is admitted into the interior of the vertebra.
Ishall not swell the extent of the present paper by pursuing farther the description

of the structure of the pelvis of the Dinornis, as exhibited in the present striking frag-
ment, but proceed to notice the other specimens ofpelvic bones which have been enu-

merated as forming parts of the present collection.
The large portion of the right os innominatum, including the entire acetabulum

(Pl. XX.fig. 1.), must have belonged to a bird of rather smaller size than the one to
which the above-described portion of the sacrum belonged. The part of the ilium
before and above the acetabulum rises with a steep slope and a slight general concavity
to meet its fellow above the spinous crest of the anterior part of the sacrum : behind
the acetabulum the outer surface of the ilium is divided into two facets, the upper
one nearly horizontal, the lower one vertical, save where it arches out to the flat arti-
cular surface behind the acetabulum. The ridge dividing these two facets commences
anteriorly above the middle of the acetabulum, and describes a regular curve in its
course backwards, the convexity being downwards : in the Ostrich the correspond-
ing ridge forms two curves, meeting at an angle above the prominent articular sur-
face behind the acetabulum, and the convexity of both curves is upwards ; from the
angle an obsolete ridge extends down to the prominent articulation, and divides the ante-
rior from the posterior vertically concave surfaces of the ilium: in the great Dinornis
the corresponding surfaces are uninterruptedly continuous above the acetabular promi-
nence. The posterior wall of the acetabulum (f) is incomplete, as in other birds ; the
smooth articular surface is continued upon an oblong prominence above and behind the
cavity. The pubis (d), a slender bone, as usual inBirds, springs from a protuberance at
the lower part of the acetabulum. The ischium (c) is continued more directly from the
lower and back part of the cavity : a very slight ridge indicates the posterior boundary
of the notch for the tendon of the obturator interims, and the upper border of the notch

1 Cyclop. of Anat., art. Aves, p. 271. The Ostrich is the only exception to this rule with whichIam
acquainted.
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is nearly straight. In the Ostrich this part is concave, and a well-developed process
extends down, but does not join the pubis at the back part of the obturator notch.
The Apteryx resembles the great Dinornis in this part of the pelvis. The ischium be-
comes compressed and gradually expands vertically as it extends backwards, its lower
margin forming almost a straight line. In the Ostrich the ischium maintains its trie-
dral form for a much longer extent and suddenly expands, the lower margin curving
down to join the pubis (Pl. XIX.fig. 4. e) : there is no indication of such a junction in
the present specimen, nor does the superincumbent ilium curve down, as in the Bus-
tard, to join the ischium : both the ischiadic and the obturator notches seem to have
been unclosed by bone in the Dinornis as in the Apteryx.

The third specimen of the pelvis of a Dinornis, p 4 (Pl. XIX.fig.2. &Pl. XX.figs. 2
&3.), is more entire, but much smaller than the foregoing. It seems to include all the
sacral vertebræ, which are eighteen innumber :seven anterior ones with the lower trans-
verse processes, four without those processes, and seven in which they reappear, ex-

tending obliquely outwards and backwards to the line of junction of the ilia with the
broad posterior part of the sacrum. The most important feature in the present pelvis
is the demonstration of what was obscurely indicated in the foregoing specimen, viz.
that the iliado not, as in existing Struthious birds, including the Apteryx, approximate
one another along the whole length of the sharp and narrow ridge formed by the spines
of the sacrum, but that they diverge above the acetabula, to give place to a broad hori-
zontal expanse of bone developed from the posterior sacral spines (Pl. XX.fig.3. b), as

in the Bustard and most other birds. This surface forms a smooth shallow concavity,
perforated as usual by two lateral series of small foramina. From the pelvis of the
Bustard that of the Dinornis differs in the greater relative depth and verticality of the
anterior plates of the ilia, which meet above to form a ridge, as in the existing Struthio-
nida: the posterior expanded part of the pelvis is relatively shorter than in the Bustard,
and the difference is extreme which this part of the pelvis of the Dinornis presents, as
compared with that of the Apteryx 1, the Ostrich, the Emeu, and à fortiori the Rhea, in
which the ischiadic bones meet, and are united for a considerable extent below the
posterior part of the sacrum, which there becomes almost obliterated.

The acetabula are relatively nearer to each other than in the Bustard, but farther
apart than in the Ostrich, Emeu, and relatively than in the Apteryx. There is likewise
another difference in the relative position of the acetabula as compared with the Ostrich :

in this bird those cavities are so situated that their posterior wide orifice exposes to view
the neural arches and spinous processes of the intervening sacral vertebræ. In the
Dinornis only the lower part of the bodies of the corresponding vertebræ are seen by
looking directly into the acetabulum (Pl. XX.fig.2.f), and below these we have the
open cavity of the pelvis : the Apteryx and Emeu resemble the Dinornis in this respect :

nothing but the cavity of the pelvis is seen on looking directly through the acetabula

1 See Zool. Trans. vol. ii.p. 291.
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in the Bustard. The body of the third sacral vertebra is carinate below in the Bustard,

and none of the vertebræ abut by their transverse processes against the anterior part of

the acetabulum.
The smaller pelvis of the Dinornis, p 4, when compared with the portions of the

larger pelves, pl,p2, presents so many differences besides those of size as to leave no

doubt about the specific distinction of the birds to which they belonged.

The first sacral vertebra in the smaller pelvis (Pl. XX. fig. 2.) has a narrower and

deeper body, and there is not the deep excavation on the anterior part of the upper trans-

verse process :Ido not lay much stress on the fact that the lower transverse processes

of the first two sacral vertebræ retain the condition of ribs articulated to depressions at

the upper part of the intervertebral spaces (ib. a) ;but every other part of the present

pelvis manifests the characters of maturity. These ribs, as well as their anchylosed ana-

logues, the transverse processes which succeed them, come off higher up than in the
large pelvis. The lower border of the ilium is thin, and does not form a broad convex

surface, increasing the width of the pelvis anterior to the acetabulum, as in the large
Dinornis :the four inter-acetabular vertebræ without inferior transverse processes (ib. b)
are carinate along their under surface, not flattened as in the great Dinornis. The upper
facet of the posterior part of the ilium is more horizontal, and forms a right angle with
the vertical facet (Pl. XX.fig.2. c) : this is also divided from the anterior concave wall
of the ilium, as in the Ostrich, by an angle formed by an obsolete ridge : the articular
prominence behind the acetabulum is relatively longer in the axis of the pelvis, but less
deep in the smaller species. The root of the ischium where it forms the upper part of
the obturator notch is concave, and an angular process descends towards the pubis,
forming a well-marked posterior boundary to the notch. In this character the smaller
pelvis more resembles the pelvis of the Emeu than does that of the larger one ; but the
ischial process does not quite reach, as in the Emeu, the pubic bone. The ischium re-
sembles, inits gradual expansion and straight direction, that of the larger species, and
the more perfect condition of the smaller pelvis proves that the extremity of this bone
(ib. c) projects freely backwards, as in the Apteryx and Emeu.

The portion of a somewhat smaller pelvis, p 5 (Pl. XIX.fig.3. Pl. XX.fig. 4.), than
the preceding is less complete, but manifests characters which prove it to belong to a
distinct species of Dinornis, and apparently to an older bird, since the second sacral rib
on the left side is anchylosed to the vertebral interspace. This anchylosis sufficiently
demonstrates that the smaller pelvis is not of a younger bird than the larger one ;and,
besides the difference of size, there are the following differences of configuration :

—In
the smaller pelvis the second and third sacral ribs arise nearer the lower surface of the
bodies of the vertebræ, a character by which the smallest pelvis approximates the largest
one, from which it differs, in having the bodies of these vertebræ relatively less broad
and flat. The extent occupied by the four posterior orifices forming the interspaces of
the lower transverse processes of the third to the seventh sacral vertebræ inclusive, is

three lines greater in the smallest pelvis, p 5, than in the one next in the order of size,
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p4. The bodies of the four vertebræ without lower transverse processes (b) are flatter
below in the smallest pelvis than in p4. The vacuity at the sides of these vertebræ,

into which the posterior aperture of the acetabulum opens, is relatively much smaller
in the p 5 than inp4 ;but the two transverse processes of the twelfth and thirteenth
vertebræ which abut against the posterior part of the acetabulum are absolutely much
thicker in p 5 than inp4. For example, the first of these transverse processes in the
larger pelvis p 4 is one inch seven lines long and one and a half line broad : in the
smaller pelvis it is ten lines long and four lines broad . Such differences are not mani-
fested inthe pelvis of individuals of the same species in other birds : they are associated
in the present instances with minor differences in the shape of the acetabulum, espe-
cially of its posterior and inferior border, and in the relative breadth of the bodies of
the posterior sacral vertebræ ;the latter, however, might be a sexual difference. Seven-
teen of the sacral vertebræ are preserved in the specimen p5, and the expanded spi-
nous plate of the posterior ones is more perfectly preserved than in the preceding
specimen, p4. The following are some of the dimensions ofp 4 and p5, compared with
those of the pelvis of an Emeu :—

After a summary of the characters which the different pelves of the Dinornis present
in common, it is obvious that the genus recedes furthest from the Struthious type and
makes the nearest approach to the tridactyle Grallæ in the structure of this part of the
skeleton.

There remains to be determined, to which of the species of Dinornis already esta-
blished by the bones of the leg, the three specifically-distinct pelves are to be referred.
We cannot take the relative lengths of the pelves and femora of existing Struthionidæ
as a guide, on account of the disproportionate length of the pelvis in them as compared
with the Dinornis. The pelvis of the Bustard is also relatively longer than in the Di-
nornis. The size of the acetabulum is not so good a guide as in Mammalia, because it
is always relatively larger than the head of the femur inBirds : thus, although the ace-
tabulum in the portion of the pelvis p 2 is larger than the head of the entire femur
f 2, the size of the post-acetabular articular prominence corresponds sufficiently
closely with the articular surface upon the neck and trochanterian enlargement of that
femur to render it probable that they belonged to the same species, ifnot individual.
The fragment of the huge pelvis p 1 might well have belonged to a Dinornis of the
largest stature. The two remaining specimens ofpelvis are too small to be adapted to

the femurf12, but of the species indicated by that and the tarso-metatarsal bone m3,

there appears to be a small portion of a pelvis in the present collection.
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This is a part of the right os innominatum, p 3 (Pl. XX.fig.5.), including the posterior
and inferior angle of the acetabulum, the origins of the pubis and ischium, which form
the obturator notch, and a fractured continuation of the latter bone. The fragment has
belonged to a pelvis intermediate in size between p 2 andp 4, but is nearer the former.
From this itdiffers in the concavity of the upper boundary of the ischiadic notch, and
the descending process forming its posterior boundary which almost touches the pubis.
The posterior margin of the wall of the acetabulum is straight, and ascends at a right
angle with the horizontal ischium. Inthe larger pelvis, p2,as in the smaller one, p4,
this margin curves back at less than a right angle. The ischium is thinner and less
convex internally.

The pelvis p 4 agrees in the proportions of its acetabula and the form of the posterior
articular protuberance with the femora of Dinornis dromæoides ; and the smaller pelvis
p 5 offers the same correspondence with the femora of the Dinornis didiformis.

Ifa species of Dinornis intermediate in size between the D.struthoides and D. didi-
formis had not been indicated by the femora f6 and f16,Imust have been led to the
same conclusion by the two pelves, p 4 and p 5, as to the existence of such a species.

Since the foregoing description of the pelvic bones was put into type Ihave been
favoured by William Cotton, Esq., F.R.S., with the view of some specimens of the bones
of the Dinornis, very recently transmitted by his son the Rev. Wm. Cotton, M.A., from
New Zealand, one of which is a fractured pelvis1, corresponding in length and in so
many other characters with p 5, as to lead to the conclusion that itbelongs to the same

species, and that the differences between them are attributable to sex.
These differences are the following. The bodies of the first two sacral vertebræ in

Mr. Cotton's specimen, which Ishall call p 6, are flatter on their under surface and
broader ;the form of the anterior articular surface of the first sacral vertebra more
nearly resembles that in the largest fragment, p 1. The spines of the seven anterior
vertebræ and the co-ascending plates of the iliac bones are less elevated inp6. Thus,
from the end of the transverse process of the sixth sacral vertebra to the summit of the
ilium inp5, is three inches ten lines, whilst inp6itis only two inches nine lines. The
length of the part of the pelvis formed by the first seven sacral vertebræ is precisely the
same inboth. But whilst the height ofp5 is greater its breadth is rather less, espe-
cially immediately behind the acetabulum. The expanded horizontal thinplate of bone
at the back part of the pelvis, between the diverging iliac bones, is well preserved in
Mr.Cotton's specimen.

The breadth of this at the back part of the acetabula is five inches five lines ;the
breadth at the hinder end of the pelvis is three inches nine lines.

Of the two pelves which correspond in length and inmost of the characters by which
the one first described differs from p 4, we may regard the higher and narrower speci-
men, p 5, as belonging to the male, and the lower and broader one, p 6, to the female.

1 Pl. XXa. fig. 1.
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Vertebræ. (Plates XVII.& XVIII.)

Of the five vertebræ in the present collection, only one is of a size which surpasses
ina marked degree that of the corresponding vertebra in a full-grown Ostrich ;but
allpresent much stronger proportions, especially of the spinous process, which is un-
usually robust. The largest vertebra 1, vl,is a cervical one, probably from below the
middle of the neck, anterior to those which are distinguished by a median inferior spine.

The following are its dimensions as compared with the twelfth cervical of a full-sized
Ostrich :

—

Every process and prominence of this specimen of the vertebræ of the Dinornis is
broken off, with the exception of the right posterior oblique process. The texture every-
where presents large reticulate cancelli, which communicate with the outer surface by
an orifice on each side the neural arch, behind the upper transverse process.

The body of the vertebra is square-shaped, with a broad and flat, or slightly concave

under surface : the anterior part of this surface is divided from the anterior articular
surface by a transverse channel, that surface being raised to a higher level. This
structure does not exist in the corresponding vertebræ of the Ostrich : it is slightly
indicated in those of the Apteryx. The spinal canal presents the usual infundibular
expansion at both extremities :it is not larger at its middle contracted part than in the
Ostrich. The remains of the base of the spinous process show this to have been almost
square- shaped, and much thicker relatively as well as absolutely than in the Ostrich.

Two other vertebræ belong to the base of the neck, and correspond with those few
cervical vertebræ at that part which, inmost birds, have a median inferior process for
the more advantageous origin of the great longus collianticus muscle 2. These two ver-

tebræ must have come from the same or from closely contiguous parts of the neck ;but
they present differences of configuration and proportion which prove that they have
not belonged to the same species of Dinornis.

Both manifest the generic massive proportions, the squareness of the body, the great

1 Pl. XVII.figs. 1, 2, 3.
2 None of the cervical vertebrae present this character in the Ostrich or Emeu, but we find it in the last

cervical of the Rhea, and in the last three cervicals of the Apteryx and Bustard.
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breadth of its under surface, and the thick four-sided spinous process ;but one (v 2)1

is broader inproportion to its length than the other (v 3). The more slender vertebra2
has a thicker spinous process, which, at the same time, is more compressed from be-

hind forwards : the cavity behind the spine is deeper and more angular, as is also the

notch between the posterior oblique processes. The anterior articular processes are

raised higher above the body in the more robust vertebra, v2, The anterior articular

surface of the vertebra v 3 has a much less vertical extent than in the thicker vertebra ;

and the inferior spine (h) is narrower, but of greater antero-posterior extent, and is

situated nearer the posterior part of the body. Both these vertebræ have the orifices

at the sides of the neural arch which communicate with the interior loose cancellous
structure. These are not present in the Apteryx, the corresponding vertebræ of which

in other respects more nearly resemble the present in general form and proportions 3

than do those of the other existing Struthionidæ.
The vertebra v 4,4 from New Zealand, transmitted to me byDr.Richardson, the author

of the
'
Fauna Boreali-americana,' belongs to the same species as the vertebra v2. It is

either the first or second of the dorsal series :the inferior transverse processes manifest
part of the concavity for the articulation of the head of the rib, and there is a spinous
process (h) from the under surface of the body of the vertebra, which, as in the anterior

dorsal of the Apteryx, is less broad and flattened than in the anterior cervicals.
Of the difference of the character of this vertebra, as compared with the correspond-

ing one in the Ostrich, the figures 5 give a better idea than can be conveyed by verbal
description. The upper transverse processes are continued, as in the first and second
dorsals of the Apteryx, from the anterior part of the whole side of the neural arch, not,
as in the Ostrich, from near the summit ; these processes also, as well as the spinous
process, are considerably thicker and stronger than in the Ostrich. In regard to the
spinous process, the Dinornis, in the squareness of that part, differs as much from the
Apteryx, in which the dorsal spines are compressed laterally and extended antero-
posteriorly, as from the Ostrich.

The last vertebra, v 5, of the Dinornis in the present collection that remains to be
noticed, is from the middle of the dorsal region : itbelongs to a smaller species than the
preceding ;most probably to the Din.didiformis.

The body 6 is laterally compressed, and terminates below ina median carina, which
has a concave outline : ithas the characteristic shortness as compared with the breadth
of the vertebræ in this genus ; the anterior articular surface 7 is more concave from side
to side, and the posterior surface more convex in the same direction than in the corre-
sponding vertebræ of the Ostrich or Apteryx : both these surfaces have an unusual ver-
tical diameter inproportion to their breadth.

1 Pl. XVII.figs. 4, 5, 6.
4 Pl. XVIII.figs. 1, 2, 3.
7 Pl. XVIII.fig. 8.

2 Pl. XVII.figs. 7, 8, 9.
5 Pl. XVIII.figs. 3 &4.

3 Pl. XVII.fig.10.
6 Pl. XVIII.figs. 6 & 9.
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The following are comparative admeasurements of this vertebra, and a corresponding
one of a full-grown Ostrich :

—

The spinous process of this vertebra is strong and square-shaped 1, and shows, like
the preceding dorsal, that there was no blending together of the spines, nor any union
by continuous splint-like ossifications, as in many birds, and especially in those that
fly. The dorsal region in the skeleton of the Dinornis, by the intervals separating the
spinous processes, must have resembled that in the large existing Struthionidœ, and
have differed from the same part in the Apteryx, in which the dorsal spines are con-
tiguous though not confluent ; but the Dinornis surpassed allknown birds in the thick-
ness and squareness of its upright spinous processes. Of the length of these processes
none of the five vertebræ afford an exact idea, allbeing more or less fractured.

The spinal canal is proportionally more contracted than in the Ostrich, or even in
the Apteryx, where itis rather smaller than usual. This character inthe Dinornis indi-
cates, of course, a more slender spinal chord, in which respect it betrays a closer ap-
proach to the Reptilia. We may associate, with such a condition of the spinal marrow,

less delicate perception, and less energetic muscular action ; and the vertebræ thus
confirm the induction from the texture of the femur, that the Dinornis was a more
sluggish or less active bird than the Ostrich.

Conclusion.

Physiological indications of the nature and proportions of the Anterior or Pectoral
Members.

Had the Dinornis wings ? To this question Iwas led to give a negative reply after
the examination of the first fragment of that bird's bone which came into my hands 2.
It has appeared strange and almost incredible to some, that the cancellous texture of
the shaft of a thigh-bone should give, to speak mathematically, the presence or absence
of wings. But ifthe negative had been premature and unfounded, a guess rather than
a demonstration, its fallacy might have been exposed by the very next bone of a Dinor-
nis transmitted from New Zealand. A bird of flighthas as many wings as legs ;ithas
two humeri as well as two femora, two radii as well as two tibiæ, two ulnæ as well as

1 Pl. XVIII.fig. 7.
2 Absence of the organs of flight is the essential character of a Struthious bird, more especially of one

"heavier than the Ostrich."

1 82 1the upper one of posterior oblique process ....
From the lower margin of posterior articular surface to

2 01 6Breadth, including costal articulations
0 7*1 0Depth of anterior articular surface
2 01 9Length . . In. Lin.In. Lin.In. Lin. In. Lin.

Length . . 1 9 2 0
Depth of anterior articular surface 1 0 0 7*
Breadth, including costal articulations 1 6 2 0
From the lower margin of posterior articular surface to

the upper one of posterior oblique process .... 2 1 1 8
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twofibulæ ;the humerus and radius are usually, and the ulna is always, longer and larger
than their analogues in the hind extremities ;then also there are the two distinct carpal
bones, a metacarpus and characteristically modified phalanges. The chances were thus
greater that the next bone of an extremity discovered in the alluvium of New Zealand
would have been one of the anterior members, had these been developed to serve as

wings in the Dinornis. But what is the fact ? Eighteen femora, eleven tibiæ and six
tarso-metatarsi, with two toe-phalanges, have been consecutively discovered, and not a

trace of any part of the osseous framework of a wing:not a fragment of scapula, of hu-
merus, or of the bones of the forearm or hand.

The doctrine of chances thus adds its proof, were such required, to the inferences of
physiological correlation, that the Dinornis had no wings. We may next inquire to
what extent, short of the faculty of flight, the anterior or pectoral members were deve-
loped in this extinct genus, with the same confidence in the laws of correlation as a
guide to the determination of this question.

The anterior members present very different degrees of arrested development in the
different existing species of the Struthionidæ , and always retain, under even their most
rudimental condition, the characteristic modifications of form and structure by which
they are adapted to serve the office of flight in ordinary birds.

In these, as is well known, the body is made specifically lighter, and in a direct
ratio with the powers of flight,by a proportionate extension of the air-cells through the
muscular and osseous systems. Amuch greater proportion of the skeleton ispermeated
by air in the Swallow than in the Quail.

The Rhea and the Ostrich have the largest and most wing-like anterior members of
all the Struthionidæ ; they use them to aid in their swift progression : throwing their
body forwards beyond the centre of support afforded by the hind legs, they partly sustain
itby the flapping of the curtailed wings, whilst the legs, to the extent to which they are
thus relieved from the act of sustaining, are free to exert additional force in propelling
the body : and it may be said of the Ostrich at full speed that half the body flies and
half runs. Now we find that in these semivolant Struthionidæ the warm and expanded
air of the respiratory cavities is freely admitted into the bones of the skull, the vertebræ,

the ribs, the sternum, the coracoids, the pelvis and the femora.
In the Emeu and Cassowary, whose pectoral members are much reduced insize, use-

less for anything like flight,and serving, so far as is known, only for some feeble actions
of defence, the air is less freely admitted to the bones of the trunk, but stillpenetrates
the femur.

In the Apteryx the rudimental wings are so minute, that the fact of their retention of
the typical structure requires careful dissection for its demonstration :and in this species
we find the lungs confined to the thoracic-abdominal cavity, and not extended into any
part of the skeleton. The Dinornis presents an intermediate condition between the
Apteryx and the Emeu in regard to the extension of the air-cells, which penetrated the
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vertebral column, as is shown by the pneumatic foramina in the vertebræ, but were not

continued into the femora. We may infer, therefore, from the known relations of the
development of the air-cells to that of the anterior members in existing Struthionidæ ,
that these were more rudimentary in the Dinornis than in the Emeu, but not quite so
minute in proportion to the body as in the Apteryx. The size of the bones on this
inference, even in the Dinornis giganteus, must have been small enough to prevent any
surprise at their not having yet been recovered ; especially when it is remembered that
no part of the sternum nor any of the ribs, which doubtless surpassed the scapulæ and
humeri in size, appear hitherto to have been found.

Stature of the different species ofDinornis. (Pl. XXX.)

The height of the hind leg of the Dinornis giganteus in the ordinary standing posture,
from the sole of the foot to the upper ridge of the trochanter, being given by the bones
of the pelvic extremity in the present collection, the total altitude of the bird may be
approximatively determined by the analogies of the existing Struthionidæ. In these the
neck varies slightly in its relative length, being longest in the Ostrich and Emeu, in
which itincludes 18 or 19 vertebræ, and shortest in the Cassowary and Apteryx, which
have respectively 16 and 15 cervical vertebræ ; but in all the species it is of sufficient
length to enable them readily to pick up substances from the ground by a slight rotation
or bending down of the trunk and pelvis upon the hip-joints.

Inestimating the height of the Dinornis giganteus by the standard of the Ostrich, I
have taken the latter at eight feet four inches, which is the altitude given by the skeleton
of one with a tibia two feet in length 1. The distal end of the metatarsus being raised
in the livingbird one inch and a half from the ground, the tarso-metatarsal bone, tibia
and femur, placed at the angles which they form with one another in the standing pos-
ture, rise to the height of four feet four inches ;and from the level of the highest point
of the femur to the top of the head with the neck erect is four feet. The longest tibia
of the Dinornis giganteus, with its extremities entire, measures two feet eleven inches :

this bone articulated with a femur of sixteen inches and a tarso-metatarsal bone of
eighteen inches in length, at angles corresponding to those in the Ostrich, and with an

allowance of three inches for the natural angle of the toes and the callous integuments
beneath the distal joint of the metatarsal bone, makes the height of the hind leg to the
highest point of the femur five feet six inches : from the level of this point to the top

of the head, supported upon an erect neck of the same proportions as in the Ostrich,

is five feet, making the total height of the Dinornis giganteus ten feet six inches. If
the tarso-metatarsal bone of the Dinornis had borne the same proportion to the tibia

as in the Ostrich, its height would have been nearly twelve feet, but the acquisition of

1 The tibiæ of mature specimens of the Ostrich in the Museum of the Royal College of Surgeons measure

respectively 1foot 8 inches, 1 foot 9½ inches, and 1 foot 11 inches in length. The accurate and learned

authors of the
'
Gardens and Menagerie of the Zoological Society

'
state that the Ostrich

"
is generally from

six to eight feet inheight." —Vol. ii.p. 51.

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-030_3000.jpg
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The Dinornis struthoides 5,with a femur of eleven inches, a tibia of twenty-two inches,
and a tarso-metatarsus of twelve inches in length, must have stood, according to the
analogies of the Cassowary, six feet nine inches in height ;according to those of the
Ostrich, seven feet four inches :we may therefore regard itsheight to have not exceeded
seven feet, or to have been about equal to that of a moderate-sized Ostrich, but of a
more robust and stronger build. The fragment of the femur first described by me in
1839 belongs to this species.

The Dinornis didiformis, with a tibia as long as that of the Cassowary, viz. sixteen
inches, but with a femur of eight inches and a tarso-metatarsus of only seven inches in
length 4,would, by the analogy of the Cassowary, be a little under four feet in height, or
of intermediate size between the Cassowary and the Dodo.

The femur of nine inches in length, with similar proportions of the tibia and meta-
tarsus, which latter would probably be relatively longer, gives the height of five feet
to the species which, from its similarity in size to the Emeu, Ihave called Dinornis

1 Pl.XXX.fig. 2. 2 Ib. fig. 5. 3 Ib. fig. 3.
4 Ib. fig. 1. The tarso-metatarsal bone of the Dinornis didiformis inMr.Cotton's collection measures seven

inches ten lines inlength (Pl. XXa. fig. 2.);it is in other respects identical in character withthe analogous
bones described inthe text, and indicates a sexual superiority of size.
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dromæoides. The tibia of the Dinornis ingens 1 indicates that species to have attained
the height of nine feet.

Comparison of the bones of the feet of the Dinornis with the American Ornithichnites.

In 1836 Prof. Hitchcock 2 published his remarkable discovery of impressions in the
New Red Sandstone of the valley of the river Connecticut, Massachusetts, which he con-
ceived to be the foot-prints of birds, the largest belonging to a species with three toes,

surpassing the Ostrich in size. The epoch of these impressions is as ancient as that of
the Cheirotheria or Labyrinthodont footsteps inEurope, and more ancient than those of
the oolites and lias, from which the remains of our most extraordinary extinct reptiles
have been obtained : but no fossil bones of birds have been found associated with the
Labyrinthodont and Thecodont reptiles, nor with those of the lias or oolites, the Ptero-
dactyles of which were once mistaken for birds. The Wealden is the oldest formation in
which true ornitholithes have hitherto been discovered. The ancient foot-prints of the
Connecticut sandstones were for the most part supposed to be those of Grallæ ;but the
high geological antiquity of those sandstones, and the inferences which might be deduced
from the low character of the air-breathing animal creation, as indicated by fossil bones,

of the condition of the atmosphere during the deposition of the oolites, lias and new

red sandstones, led me to express a doubt in my report on British Fossil Reptiles
whether foot-prints alone were adequate to support the inference that the animals that
impressed them actually possessed the highly-developed respiratory organization of a
bird of flight3. One could hardly in fact venture to reconstruct in imagination the
stupendous bird which, on Dr. Hitchcock's hypothesis, must have left the impressions
called Ornithichnites giganteus ;for, before 1843, the only described relic of the extinct
New Zealand bird did not warrant the supposition of a species larger than the Ostrich 4.

The species of Dinornis, in fact, to which that relic belonged, we now know not to

have exceeded seven feet in height, which is the average stature of the Ostrich. But

the bones of the Dinornis giganteus subsequently acquired demonstrate the existence,

at a comparatively recent period, of a bird whose tridactyle foot-prints, as willbe pre-

sently shown, surpassed the Ornithichnites giganteus ofProf. Hitchcock.
The length of this foot-print from its hind part to the extremity of the impression

of the claw of the middle toe is sixteen inches ; the breadth of the hind part is four
inches six lines. The toes were broad and thick, and we may plainly discern that the

bird supported itself, like the Ostrich, upon the under surface of the toes, from their

extremities to the cushion beneath the distal end of the proximal phalanges ; and that

in making the impression, the foot did not quite sink as far as the end of the metatarsal

bone.
2 American Journal of Science and Arts, vol. xxix.No. 2.1 Pl.XXX. fig.4.

3 Report on BritishFossil Reptiles, Part II.,Trans. British Association, 1841, p. 203.
4 Zoological Proceedings, November 1839, p. 170.
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The length of a corresponding impression of the foot of the Ostrich is eight inches ;
the breadth of the posterior part of the impression three inches ; the breadth of the
distal end of the tarso-metatarsal bone two inches and a half. According to these pro-
portions, the breadth of the distal end of the tarso-metatarsal bone of the tridactyle bird
that impressed the Ornithichnites giganteus must have been three inches nine lines ;
but the breadth of the distal end of the tarso-metatarsus of the Dinornis giganteus is five
inches. According, therefore, to the proportions of the Ornithichnites giganteus, the
breadth of the hind part of the foot-print of the Dinornis giganteus must have been six
inches, and its length twenty-one inches and a half.

The genus Dinornis was characterized by a relatively broader foot than the Ostrich,

as we know by the tarso-metatarsal bones ; and this bone in the Dinornis struthoides,
the third species in point of size, indicates that its bulky body was supported by feet
calculated to leave impressions nearly as large as those of the Ornithichnites giganteus.
That the toes were as long in proportion to the breadth of the metatarsal bone as in
the Ornithichnites, is shown by the two phalanges transmitted by Mr. Williams, the
description of whichIhave reserved for this place.

The largest of these phalanges is 3¼ inches long and l½ inch broad across the proximal
joint. This does not present the median vertical ridge which the corresponding groove
in the articular surface of the metatarsal indicates the proximal phalanx to possess, and
Iregard it, therefore, to be a second phalanx, which, as in the middle toe of the Ostrich,

would then differ from the first phalanx in the equable concavity of the proximal arti-

cular surface. In the second or outer toe of the Ostrich the median eminence is wanting
on the proximal end of the first phalanx, but the want of symmetry in that bone shows
that it cannot be the analogue of the phalanx of the Dinornis inquestion, which is
almost quite symmetrical. From this character itmay be referred to the middle toe :

compared with the second phalanx of that toe in a full-grown Ostrich it is relatively
longer, less depressed or flattened, the depth of the bone being equal to its breadth ex-

cept at the distal articulation, which nevertheless is much less expanded and depressed
than in the Ostrich. In this bird the length of the second phalanx of the middle toe

is 2¼ inches, the breadth of the distal end is 1½ inch, and its depth at the middle of
the bone 8 lines. In the phalanx of the Dinornis the breadth of the distal end is 1¼
inch, its depth at the middle 10 lines. The size of the phalanx of the Dinornis, re-

garded as the second of the middle toe, agrees well with that of the tarso-metatarsal of
the Dinornis struthoides. The length of the second phalanx in the Ornithichnites gigan-
teus is indicated by the articular eminences in the cast of that impression, and it is a
little shorter than the phalanx of the Dinornis above described.

The smaller of the two phalanges has an unsymmetrical figure, and its proximal arti-
cular concavity is continuous with an oblique notch which divides the lower border into
two tuberosities. This structure is slightly indicated at the corresponding part of the
proximal phalanx of the outer toe in the Ostrich, and in the Bustard is as strongly
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marked in the proximal phalanx of both the outer and inner of the three toes as in the
phalanx of the Dinornis. This phalanx measures one inch ten lines in length, one inch
two lines across the proximal end, and ten lines across the distal end : the articular
surface here is impressed by a vertical groove, as inthe proximal phalanges of the outer
and inner toes in the Bustard, and it agrees inits general figure with that of the outer
toe of the left foot, but is much thicker in proportion to its length. The proximal
articulation matches insize with, but is not adapted by its configuration to, the outer
trochlea of the trifidmetatarsal of the Dinornis didiformis. The foot-print of this spe-
cies was probably about the size of the Ornithichnites tuber osus of Prof. Hitchcock.

From the foregoing comparison of the bones of the feet in the different species of
Dinornis with the impressions left by the ancient extinct birds of the American conti-
nent, it must not, however, be concluded that these were species of Dinornis. Agree-
ment in the size of the foot and number of the toes does not constitute specific or even
generic identity in Ornithology, as the livingEmeu, Rhea and Cassowary testify ; and
though we may admit that the discovery of tridactyle terrestrial birds of a size more
gigantic even than that indicated by the Ornithichnites giganteus and Ornithichnites
ingens tends greatly to remove the scepticism with which such evidences of the extinct
animals of the Triassic period had been previously received, yet the recognized suc-
cession of varying vertebrated forms in the interval between that period and the present
forbids the supposition that the same species or genus of birds could have maintained
its existence throughout the several great changes which the earth's surface has under-
gone during that vast lapse of time.

We see, in fact, how diversified are the few existing forms of Struthionidæ : almost
every species now represents a distinct genus. We know that this order has suffered
greater diminution within the time of man than any other in the class of Birds, perhaps
than any other in the whole animal kingdom. What, then, may not have been the
extent and variety of the wingless terrestrial birds in times anterior to man's dominion
over the earth !

Already the heretofore recorded number of the Struthionidæ is doubled by the six

species of Dinornis determined or indicated in the foregoing pages ;and both the Maori

tradition of the destruction of the
'
Moa' 1by their ancestors, and the history of the ex-

tirpation of the Dodo by the Dutch navigators in the Isles of Maurice and Rodriguez,
teach the inevitable lot of bulky birds unable to fly or swim, when exposed, by the di-

spersion of the human race, to the attacks of man. We may, therefore, reasonably

anticipate that other evidences await the researches of the naturalist, which willdemon-

strate a further extent of the Struthious order of Birds anterior to the commencement

of the present active cause of their extinction.
And since the texture of the bones of the former gigantic tridactyle Struthionidæ

of New Zealand proves that they resembled the Apteryx, in the comparatively low

1 The Maoris or Aborigines ofNew Zealand call the Dinornis
'
Moa' or

'
Movie.'
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and reptile-like condition of the respiratory apparatus, we are thereby further jus-

tified in admitting the evidence of the co-existence of similar apterous and low orga-

nized birds with the cold-blooded and slower-breathing Ovipara, which swarmed in

such plenitude of development and diversity of forms during what has been termed
the 'Age of Reptiles.'

The remarkable geographical distribution of the birds of the Struthious order, which
have no power of transporting themselves to distant isles or continents, either through
the air or the ocean 1, irresistibly leads us to speculate on the cause of that distribution,

and its connexion with the former extent and importance of the wingless terrestrial
birds. Hereupon it may first be remarked that those species, now in existence, which
have the least restricted powers of locomotion, enjoy the most extensive range for their
exercise.

The Ostrich is spread over nearly the whole of Africa, from the Cape to the deserts
of Arabia ;beyond which the species is unknown. The Rhea ranges over a great part

of the southern extremity of the Western hemisphere. To the Emeu has been assigned
the vast mainland of Australia. The heavier Cassowary is limited to a few of the islands
of the Indian Archipelago. The Dodo appears to have been confined to the Mauritius
and the small adjoining Isle of Rodriguez. The Apteryx still lingers in New Zealand,
where alone any specimens of that most anomalous species of the Struthious order have
been discovered.

New Zealand was, also, at one period, the seat of a seventh genus of Struthionidæ ;

and it is worthy of remark that the Fauna of no other island, nor of any of the great
continents, has yet furnished an analogous example of two distinct genera of that group
of birds. Moreover the most gigantic as well as the most diminutive species of the
wingless group

—
always to Ornithologists most remarkable for the great size of its spe-

cies —formerly occupied their place amid the fern-thickets and turbaries ofNew Zealand.
And, again, the number of the species of Struthionidæ inthis island equalled that in all
the rest of the world, as registered in the catalogues of Ornithology.

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

The predominance of plants of the Fern-tribe, and the nutritious qualities of the roots

of the species most common in New Zealand, are the characteristics of its Flora which

1 The Rhea and Emeu have been seen to take water for the purpose of crossing rivers and narrow channels

of the sea ;but almost the entire body sinks below the surface, and their progress is slow, as might be anticipated
from the absence of the swimming-webs in their feet. See Darwin, 'Voyage of the Beagle,' vol.iii.p. 105.
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appear to have been the conditions of the former peculiarities of the Fauna of this
island. Some at least of the characters of the skeleton of the Dinornis may well have
related to rhizophagous habits. The unusual strength of the neck indicates the appli-
cation of the beak to a more laborious task than the mere plucking of seeds, fruits, or
herbage. The present small Apteryx of New Zealand has a relatively stronger neck
than any of the existing Struthionidæ , in relation to the needful power of perforating
the earth for the worms and insects which constitute its food. Such small objects can-
not be supposed to have afforded sustenance to the gigantic Dinornithes ; but the still
more robust proportions of their cervical vertebræ, and especially of their spinous pro-
cesses, —

so striking when contrasted with the corresponding vertebræ of the Ostrich or
Emeu, —

may wellhave been the foundation of those forces by which the beak was asso-
ciated with the feet in the labour of dislodging the farinaceous roots of the ferns that
grow in characteristic abundance over the soil of New Zealand 1.

The great strength of the leg, and especially of the metatarsal segment, which is short-
ened, as in the burrowing Apteryx, almost to the gallinaceous proportions, must have
had reference, especially in the less gigantic species, to something more than sustaining
and transporting the superincumbent weight of the body, and this additional function
is indicated by both the analogy of the Apteryx and the Rasorial birds tobe the scratch-
ing up the soil.

Thus far, at least, the positive facts justify the attempt to restore, and, as it were, to
present a living portrait of the long-lost Dinornis ; and, without giving the rein to a
too exuberant fancy, we may take a retrospective glance at the scene of a fair island,
offering, by the willof a bountiful Providence, a well-spread table to a race of animated
beings peculiarly adapted to enjoy it;and we may recall the time when the several spe-
cies of Dinornis ranged the lords of its soil

—
the highest living forms upon that part of

the earth. No terrestrial Mammal was there to contest this sovranty with the feathered
bipeds before the arrival of man 2.

Without laying undue stress on the native tradition of the gigantic Eagle or
'
Movie,'

cited by Mr.Rule 3,or on that of the great creature of the cavern, called
'Moa,' which

first attracted the attention of Mr.Williams to the remains of the Dinornis ; and ad-
mitting with the cautious scepticism due to second-hand testimony, the tale of the still-
existing nocturnal gigantic bird which scared the whaling seamen on the hillat Cloudy

1
"

New Zealand is favoured by one great natural advantage, namely, that the inhabitant can never perish

from famine. The whole country abounds with fern; and the roots of this plant, if not very palatable, yet

contain much nutriment." Voyage of the Adventure and Beagle, vol. iii.
'Darwin,' p.504.

2 Mr.Darwin says,
"
Itis a most remarkable fact that so large an island, extending over more than 700 miles

inlatitude, and inmany parts 90 miles broad, with varied stations, a fine climate, and land of allheights from
14,000 feet downwards, with the exception of a small rat, should not possess one indigenous mammal."

—
Loc.

cit. p. 511.
3 Polytechnic Journal, July 1843.
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Addendum.

J. R. Gowen, Esq., a Director of the New Zealand Company, has obligingly forwarded
to me the subjoined indication of a further discovery of the bones of the Dinornis, from
a new locality in New Zealand :

—
"Extract of a letter from Colonel William Wakefield to J. R.Gowen, Esq., dated

Wellington, 19th September, 1843."
Ireceived lately your letter respecting the Moa, with Professor Owen's notice. I

have taken steps to procure some of the bones, which are much larger than the one
represented in the sketch. The Rev. Mr.Taylor, of Wanganui, has a large collection
of these bones, found in a river between that place and New Plymouth. Ihave heard
several stories of liveMoas having been seen ;one, that the enormous size (higher than
our one-storied houses) frightened the person, an Englishman, who was going to shoot
it;but Idon't believe any one has seen a live one lately. Iintend to make further in-
quiries amongst the old natives, and send you allIcan collect of bones."

Description of the Plates.

Plate XVIII.

Cervical vertebræ, natural size.

Fig. 1. Front view of a middle cervical vertebra of the Dinornis giganteus.
2. Side view of the same, showing the posterior articular process and the outline

of the right inferior tuberosity, restored, at h.
3. Base view of the same ;h h, the fractured inferior tuberosities.
4. Side view of an inferior cervical vertebra of a smaller species of Dinornis

(Din. struthoides ?) : the antero-posterior extent of the single inferior spine
is indicated at h.

5. Upper view of the same vertebra.
6. Front view of the same vertebra.
7. Side view of a corresponding cervical vertebra of another species of Dinornis,

of equal size with the preceding : the antero-posterior extent of the inferior
spinous process is indicated at h.

8. Upper view of the same vertebra.
9. Front view of the same vertebra.

10. Upper view of the thirteenth cervical vertebra of the Apteryx australis.

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-017_3000.jpg
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Plate XVIIIa.

Dorsal vertebræ, natural size.

Fig. 1. Side view of an anterior dorsal vertebra, of apparently the same species of

Dinornis as that to which the cervical vertebra Fig. 4 inPlate XVIII.be-

longed: c, the costal articulation ;h, the strong inferior spinous process.

2. Upper view of the same vertebra.
3. Front view of the same vertebra.
4. Front view of a corresponding dorsal vertebra in an Ostrich :h, the inferior

spinous process.
5. Front view of the thirteenth cervical vertebra in the Apteryx : h, the inferior

spinous process.
6. Side view of a middle dorsal vertebra of a smaller species of Dinornis (Din.

dromæoides ?) :c, the costal articulation.
7. Upper view of the same vertebra.
8. Front view of the same vertebra.
9. Under view of the same vertebra.

Plate XIX.

Front or under views of the Pelvis of three species ofDinornis and of the Ostrich,
all reduced to one-fourth the natural size.

Fig. 1. Anterior sacral vertebræ of Dinornis giganteus.
2. Pelvis ofDinornis dromæoides.
3. Anterior portion ofpelvis of Dinornis didiformis.
4. Entire pelvis of the Ostrich (Struthio Camelus).

The following letters indicate the same parts ineach figure :
—

a. Anterior sacral vertebra, and its costal articular surfaces in figs. 2 & 3
b. Middle sacral vertebræ without inferior transverse processes.
c. Os ilium.
d. Os pubis.
c. Os ischium.

Plate XX.
Back and side views of Pelvis of different species ofDinornis, one-fourth the

natural size.
Fig. 1. Right os innominatum of Dinornis giganteus.

2. Pelvis ofDinornis dromæoides.

http://www.lib.utexas.edu/books/nzbirds/plates/txu-oclc-7314815-2-02-p-018_3000.jpg
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Fig. 3. Back or upper view of the same pelvis : b, the confluent spines of the poste-
rior sacral vertebræ.

4. Side view of pelvis of Dinornis didiformis.
5. Fragment of the pelvis of Dinornis strut hoides.

f. The acetabulum.

Plate XX a.

Fig. 1. Pelvis of male Dinornis didiformis, natural size.
2. Tarso-metatarsal bone of ditto, ditto.

Plate XXI.
Femora, natural size.

Fig. 1. Back view of femur ofDinornis ingens.
2. Lower or distal end of femur of Dinornis ingens.
3. Back view of femur of Dinornis struthoides.
4. Distal end of femur of Dinornis dromæoides.

Plate XXII.

Femur of Dinornis dromæoides, natural size.

Fig. 1. Front view.
2. Back view :d, ridge above the internal condyle ; e, fossa above the external

condyle.

Plate XXIII.

Fig. 1. Side view of femur of a young Dinornis struthoides.
2. Side view of femur of Dinornis dromæoides.

Plate XXIV.

Femur of Dinornis didiformis, natural size.

Fig. 1. Front view.
2. Back view :d, tuberosity above the internal condyle ; e, fossa above the ex-

ternal condyle.
3. Distal end.

Plate XXV.

Front views of tibiæ, natural size.

Fig. 1. Tibia of Dinornis ingens.
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Fig. 2. Distal trochlea of ditto.

3. Tibia of Dinornis didiformis.
4. Distal trochlea of ditto.
5. Tibia ofDinornis otidiformis.
6. Distal trochlea of ditto.

Plate XXVI.
Back views of tibiæ, natural size.

Fig. 1. Tibia of Dinornis ingens.
2. Proximal end of ditto.
3. Tibia ofDinornis didiformis.
4. Proximal end of ditto.
5. Tibia ofDinornis otidiformis.
6. Proximal end of ditto.

The following letters indicate the corresponding parts in each figure :
—

a. Concavity anterior to the articular condyles.
b. Process for the attachment of the rotular ligament.
c. Anterior crista at the proximal end.
d. Ridge for the attachment of the fibula.
c. Internal condyle or prominence of the distal trochlea.

Plate XXVII.

Tarso-metatarsal bones, natural size 1.
Fig. 1. Front view of the tarso-metatarsal ofDinornis giganteus.

2. Front view of the tarso-metatarsal ofDinornis struthoides.
3. Front view of the tarso-metatarsal of a female (?) Dinornis didiformis.
4. Back view of ditto.
5. Upper or proximal end of ditto :a, the outer concavity ;b, the inner one.
6. Lower or distal end of ditto.

Plate XXVIII.

Tarso-metatarsal bones, half the natural size.
Fig. 1. Front view of the metatarsus of a young Ostrich (Struthio Camelus).

2. Proximal ends of the three metatarsal bones, which are still separate at this
part.

3. Front view of the metatarsus of a young Dinornis giganteus.
1 The mirror was not used indrawing these bones ;they appear, therefore, tobelong to the right leg.
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Plate XXIX.

Internal structure of certain bones.

Plate XXX.

Restoration of the Dinornis giganteus, and scale of altitude of that and other species,
according to the standard of the Cassowary.
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