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Our knowledge of the few Cretaceous birds that have been discov-

ered in North America is very imperfect in spite of Professor Marsh's

memoir on the Odontonithes; their origin and man}^ points of their

structure are still unknown and their relationship uncertain. By the

kindness of Professor Williston, I am able to add a little to our knowl-

edge of the structure of ITe><per<yrniH grdcUlH and Bdj^tornis advenus^

while the acquisition of a specimen of IL'sperornis regalis, by the

United States National Museum, enables me to add a few details con-

cerning that species.

CRANIUM OF HESPERORNIS GRACILIS.
'

The example of Ilesperornis gracilh belongs to the Universit}'' of

Kansas, and comprises a large portion of the skeleton, including the

skull. Unfortunately the neck was doubled backward, so that the

skull lay against the pelvis, while portions of dorsal and sternal ribs

had become crushed into and intimately associated with the cranium,

so that it was impossible to make or.t the shape of the palatal bones,

provided even they were present. This was particularly unfortunate,

as information as to the character of the palate of the toothed birds is

greatly to be desired. Theoretically, the arrangement of the bones of

the palate should be somewhat reptilian, or, if the struthious ])irds are

survivals, the palate of such a bird as Hesperornis should present some

droma^ognathous characters. But, as was pointed out by D'Arc}^

Thompson, the skull of Hc'iperoniU regall^^ as described and figured

by Marsh, differs very considcra])ly from that of an ostrich, and the

present specimen emphasizes oi' adds to th(^ dili'orences already noted.

The presence of depressions for su})raorl)ital glands and the size of the

sagittal and lamlxloidal crests neitlier denotes affinities with grebes

and loons nor separation from struthious forms, since these characters

are associated with aijuatic juid predatory habits and have no morpho-

logical value.
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Owing to the crushed condition of the smallei" bones and presence

of nunieroas fragnients of other parts associated with the cranium, it

has proved luipossibk*, to ascertain the exact ai'i'angenient of th(^ j)alatal

bones, although it is apparent that this was (juite diti'erent from that

found among existing ])irds, either the Droma'ognatha> or Eurhipi-

dur;B. While the head of the quadrate is undivided, the body of the

P/J

Pi(j. 1.

—

Internal anl) kxternal aspect of left quadrate of Hesperornig gracilis, x 1|.

bone is slender and not overlapped and held in by a descending process

of the squamosal; and these are important characters, especially the

latter. The short, heavy quadrate of the Dronuvognathw, locked in

by the squamosal so as to be practically immovable, is a decidedly

reptilian feature, eminently characteristic of the group and widely at

variance with the conditions found in Hesperornis. The ascending or

lachrymal process of IIesper<>rn!s {fracilis is ver}' long, quite unlike

that of Hespei'wnis regalls as

described and figured by Pro-

fessor Marsh/' Just at its

junction with the body of the

quadrate there is a very evident

articulation for the pterygoid.

The pterygoid has much the

same general shape as that of

llexijMrornls regalh^ but differs

from it slightly in details. It

is a small, flat bone, roughly
rhomboidal in outline and with three articular surfaces, for the quad-

rate, basisphenoid, and palatine, as indicated on the accompanying
figures. The most important of these is an elliptical facet at right

angles to tlie l)ody of the bone, for this is considered to be the

facet for articulation with the ])asisphenoid, and this is connected with
the ([uestion of the presence or absence of basipterygoid processes.

The entire under surface of the skull is considerably cracked and com-

«Dr. Beecher, who has kindly examined the Yale specimen, the original of Pro-
fe^isor INIarnli's figdre, writes me tliat the process was naturally short and not the.

result of any breakage of the superior margin.

Pig. 2.—Superior and inferior views op right
PTERYGOID OK Hespcroriiis gracilis, x I5. jil, Artic-

ulation OK palatine; rj, articulation of quad-
rate; s, articulation ok sphenoid.
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pressed, and at first sig-ht there appeared to be no surface for articu-

lation with the facet just mentioned. Close inspecti()n, however,

showed on the left side an apparent articular face of the proper size

to receive the fiat, articular portion of the pteryg'oid. thouo-h not pro-

jecting above the general level of the sphenoid. The basisphenoid of

Hesperornis has thus absolutely nothing of the ci-uciform shape, due

to the large, projecting l)asipter3^goid processes, so eminently charac-

teristic of the DromajognathaB.

Among the Dinornithida?. Emeus, and Meionornis have compara-

tively short basipterj'goids. but even in these birds the processes

project markedly above the level of the basisphenoid, while in Hes-

perornis this bone was in appearance not unlike the corresponding

region of a loon, or penguin. The third articulation on the pterygoid

would be for the palatine, but it is not easy to imagine the shape of a

palatine that would fit such a surface and accord with the rest of the

bones. The bone considered as a palatine bv Professor Mai-sh is long

and slender, with an articulation indicated on one side at about one-

third the length of the bone; a somewhat similar, though imperfect,

bone is present in the specimen of Hes-

-perornis regalis belonging to the United

States National Museum, but neither of

these seems adjustable to the present

pterygoid. In the present instance the

pter3"goid la}^ immediatel}' over the left

quadrate, but in spite of this intimate fig. 3.-supposed lachkymal of ne^e-... iiiiij- rornis regalis. Slightly reduced.
association, it appears probable that it

is from the right side. With its point directed Ijackward the supposed

palatine articulation would be brought on the anterior side and in the

proper position for union with the palatine and vomer. Such a dis-

position would give an arrangement of the ])ones of the palate some-

what analogous to that found in the Cassowary. The bone heretofore

supposed to be a palatine ma}', perhaps, be the Aomer, although it is

difficult to account for the long portion back of the articulation.

The vomer is said to have been double, and judging by the freedom

of most of the bones of the cranium this may Avell have been the case.

The bone figured as vomer in Odontornithes appears rather small for

that of so large a bird as Hesperornh regalis. In the specimen of

He8])erornis gracilis under consideration no bone* representing the

vomer can be made out, nor are there an}- evidences of the presence

of maxillo-palatines.

By one of the curious chances of fossilization, the fragile sphenoid

rostrum has been preserved. It is long and slender, and its anterior

portion underlies and unites with the mesethmoid precisely as it does

in Urinator. there being a further similarity between this genus and

Hesperornis in the large size of the interorlntal vacuity. This is very
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unlike the condition prevailing- among the Dromfeognathfe, in which

there is an extensive interorbital ossification.

Not only the component bones of the lower jaw, but the majority' of

those included in the cranium, appear to have l)een free from one

another, with the exception of the premaxilla?. Whether this is due to

the age of the individual or is a character common to the members

of the genus Hesperornis can not now be decided; nor is it certain

whether or not this freedom extended to the bones of the ])rain case,

as the skull of Hesperornis gracilis has this portion still embedded in

the mati-ix. In the Yale specimens the bones of the brain case appear

to have been fused, although it is said that man}^ of the other bones

were free.

The example of Hesperm^nis regalis in the United States National

Museum lacks the calvarium, but the bones of- the jaw are quite free

and so are two supposed to be the lachrymal and nasal, the former of

which is here figured.

SHOULDER GIRDLE OF HESPERORNIS REGALIS.

Turning to the shoulder girdle, my own interpretation of this portion

of the skeleton, based on material in the United States National Museum,'^

differs somewhat from that given by Professor Marsh in the memoir

on the Odontornithes, the most important points being the shape of

the distal end of the clavicle and the fact that the scapula and cora-

coid do not lie practically in the same plane, but the angle formed by

them is little more than a right angle, which is different from what

is found among struthious birds. That the scapula and coracoid are

quite free from one another and posvsess all the articular faces found

in corresponding bones of birds of flight is, of course, well known.

While the open angle between the scapula and coracoid of struthious

birds was used by Huxley as one of the diagnostic characters of the

Ratitiv, it has come to be quite generally regarded as mereh' due to

degeneration, and practically a qviestion of mechanics; as the coracoid

shortened the proximal end of the scapula would be lowered and the

coraco-scapular angle opened, until with a greatly abbreviated coracoid

the scapula was almost in line with it, as in Casuarius. That the coraco-

scapular angle in Hesperornis, a bird with a vestigial wing, is less open

than in the Dromteognatha? is perhaps still a question of mechanics.

The struthious bii-ds are heavy, s^hort-bodied land birds, whereas Hes-

perornis was a long, lithe, proportionately slender-bodied diver, and

unless the entire scapular arch was reduced the scapula could not be

turned upward sufficientl}' to form an open angle with the coracoid.

In this connection it may be noted that in Rhea, which has a rather

long coracoid, the scapula is bent abruptly downward a short distance

"This speciiiien comes from the gray chalk, and the bones are but little crushed or

distorted by pressure.
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above its union with the coracoid in order to adapt itself to the curva-
(ture of the body. The suggestion may be made here that perhaps the
ankylosis of scapula and coracoid which occurs among struthious birds
may be of more value than is usually accoi'ded it. This ankylosis
occurs in these birds oidy, while the scapula and coracoid are in youno-
birds suturally united as in dinosaurs.

The clavicle terminates distally in a small, slightly cup-shaped
expansion which articulates with a small facet on the head of the
coracoid. This is quite different from the description and figures in

the Odontornithes where the clavicles are represented as pointed
distally and articulating with the precoracoid process only, and 1 can
only suggest that the specimens examined by Professor Marsh were
slightly imperfect.

Fi(i. 4.—Right clavicle and part op right coracoid op Hcsperornis rcgalis, natural size. The
LINE SHOWS THE FACET FOR DISTAL END OF CLAVICLE.

The proximal ends of the clavicles appear to have been only slightly

apposed, the major portion of the articulating surface l)eing directed

backward, proliably for union with the anterior end of the sternum.
We have in Harris's Cormorant a suggestion of how this condition of

things may have been brought about, for in this flightless bird the

keel of the sternum has aborted until its anterior end is even with
the anterior end of the l)ody of the sternum, and yet the keel still

supports the clavicles as in other cormorants. This is an extremely
good example of the retention of a morphological character while
the entire pectoral girdle is undergoing degeneration and has ceased
to be of use.

The relations of the })ones of the pectoral arch in Hesperornis sug-

gest that the conditions of the sternum in cormorants, where the keel

IS confined to the anterior portion, vaay represent a primitive type of
sternum. Very similar conditions are found among the larger species
of pterodactyls where the bodv of the sternum is smooth but a large

anterior projection is present.
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^Following the. description in Odontornithes Dr. Gadow" writes that

in Hesixn-ornis the clavicles articulate with the precoracoid process

onlv. Such a union can not be brought about in the specimen in the

Ignited States National Museum wiiil.% as said above, there is a very

evident union between clavicle and coracoid as shown in figure 4.

The importance of this is cn^dent, for if the clavicles ended in a point

and articulated only with tlie precoracoid the shoulder girdle would

have a strikinglv reptilian facies; as it is, the conditions are not very

unlike those found among existing birds. The retention of a complete

clavicle in a degenerate shoulder girdle is, however, an important

point, for in modern birds with degenerate wings it is the proximal

part of the clavicles which disappears, leaving the heavier distal por-

tion attached to the coracoids. The complete separation of the clavi-

cles and the fact that the proximal portion is much the heaviest is also

a generalized condition.

The scapular arch of Hesperornis may be thus defined: Coracoid and

scapula free from one another, preserving all articular faces, and

forming little more than a right angle with one another; clavicles

complete, free, without scapular process, and articulating with the

coracoid. In struthious birds, on the other hand, the scapula and

coracoid are ankylosed in the adult, bear only the humeral articulation,

and form a very open angle with one another; clavicles absent or

vestigial and represented by distal ends only.

In^skuU and shoulder girdle Hesperornis presents an interesting

combination of characters, on the one hand showing generalized fea-

tures and on the other close resemblances to modern birds. Thus we

have in the Cretaceous a bird with a palatal structure quite unlike that

of any struthious bird and with a vestigial wing which yet preserves

many features found in the liml)s of birds possessed of the power ol

flight. Add to this that no struthious l)ird is, as yet known, fron

North America,* and we ha^-e an argument for those who believe thai

if birds did not have a diphylletic origin they at least divided int(

two very distinct branches early in their career.

In Animals of the Past attention was first called to the fact tha

the tarsi of Hesperornis were directed laterally outward almost a

right angles to the body, instead of being directed downward as ii|

other >)irds. This is brought about l)y the narrowness of the pelvij

and straightncss of the femur and ])y the outer and inner condyles o'

the femur being on the same level, instead of the outer being the lowe

of the two, as is usually the case among swimming birds. A simila

arningement, with similar results, is found in seals. From this poS'

tion of the tarsi it would seem that the legs should naturally have bee

moved together, like a pair of oars, instead of alternately, althoug

"Newton's Dictionary of Birds, p. 858.

^See that part of this paper relating to Diatryma.
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this ma}^ not have been the case. Having- such a disposition of the

legs combined with a total a))sence of external Avings, Hesperornis

must have })een particularl}^ awkward on land and probabl}^ came
ashore as seldom as possible. Related to this peculiar position of the

legs, it is suggested that the breeding habits must have been something

like those of the grebe and loon and were such that at no time was the

bird far from water. Even though Hesperornis was a marine bird,

there is no reason why it could not have found plenty of suitable

nesting places at once eas}" of access and yet beyond reach of the sea.

That Hesperornis was a bird of cursorial habits before it took to the

water is a supposition contradicted by every part of the skeleton.

The elongate body, short femora, and great development of the outer

Fig. 5.—Lateral, palatal, and dorsal views of the anterior portion of the cranium of a

YOUNG (X)EMORANT, Phakicroconix urilc, showing the character of the palate and of the

narial openings. The palatines have been removed, all enlarged. /, Frontal; I, lach-

rymal; mxp, maxillopalatines; na, nasal; pmx, pbemaxillaeies; sr, sphenoid rostrum.

toe are all opposed to such an idea, and were other evidence required

it is supplied by our present knowledge of the position of the legs.

A few words may, perhaps, be said here regarding the relationships

of Hesperornis. The alleged col3aubine affinities have never been

apparent to pae, those portions of the skeleton which are thought to

indicate kinship with grebes and loons appearing to me as similarities

of structure, connected with similarity of habits. There are many
points of resemblance between Hesperornis and the cormorants, as well

as between Hesperornis and the grebes, such as the shape of the tibia,

the presence of a large patella pierced for the aml)iens and functioning

as a cnemial process, and the arrangement of the bones of the pectoral

arch. As for the cranium, all these birds—Hesperornis, grel)es, and

€ormorants^—are holorhinal and schizognathous. In the cormorants
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the nostrils are intermediate in form between a tj^pical holorhinal and

sc'hizorhinal nostril, lioing- elono'ate and posteriori}' somewhat angular,

\vhih> thov lit^ well in advance of the postcM'ior termination of the pre-

niaxillai'ies. That llesperoriiis was schizognathous is, of course, uncer-

tain. 'rh(> ligur(>s a('coini)anying this show the nostril and palate of a

voung nestling of Plialncrocin'Wd' nrlle, and similar conditions prevail

in th(^ young of /*. dllo^ms. The desmognathism of the cormorants is

clear! V a secondary condition and is not brought about until some time

after hatching. The closing of the nostril does not take place until

very nuich later, or apparently just before the young takes to the

water. As previously noted by Mr. Pycraft, a trace of the nostril

remains in the shape of a minute orifice closed by horn. My own

interpretation of the maxillo-palatines differs from that of Mr. Pycraft,

a fact which I regret, as he is usually right; but, in the present instance,

the maxillo-palatines are so clearly defined in the nesiling that I have

no choice in the matter. The collections of the United States National

Museum include a large number of species of cormorants and a series

of skulls representing individuals from the time of hatching up to

shortly ])efore the young take to the water, and it is upon this series

that I have based my conclusions.

That Hesperornis should stand in the direct line of ascent of the

grebes is, of course, quite out of the question, as it would imply the

derivation of a modern bird of flight from a degenerate, flightless

form. That the two may have had a common ancestor is an entirely

different proposition, hut if such be the case we must go far back in

time to seek for this hypothetical form. And it must ever l)e borne

in mind in dealing with l)irds that our knowledge of early forms is

extremely slight, so that we have a very small foundation of facts for

a very large edifice of theory, a pyramid resting on its apex, as it were.

Our knowledge is indeed so limited that what we are pleased to term

theory is really little better than speculation.

HARGERIA, n.ew genus.

Ilespei'ornis gracilis differs so much from its larger relative that it

should be i)laced w a distinct genus, for which the name ILtrgeria is

proposed in honor of Mr. Oscar Harger, who was one of Professor

Marsh's assistants at the time of his investigations of the toothed birds,

and, as noted in the preface to Odontornithes, rendered valuable aid

in its preparation. Th(^ most important character is the size of the

quadrate and length of the ascending process, and in l)irds tiiis means
much, as there is a remarkable constancy in the shape of this l)one

among rehitcd forms.

As contrasted with Ilesperm'nis the genus Hargerin may l)e defined

as follows: Quadrate with a large, upwardly directed lachrymal pro-

cess; processes of nasals short; length of femur more than twice its

greatest width across the head.
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BAPTORNIS ADVENUS.

The skull of this bird is still unknown, so that we do not know posi-

tively whether or not it had teeth, although this is probably the case.

Neither do we know the relationship between Baptornis and Hesper-

ornis; both were rtightless aquatic birds, but the structure of the limbs

shows that at least they l)elono- in separate families.

The body appears to haw been stout, the neck long- and slender, the

indi\'idual vertebra^ being nuich more elongate than in Hesperornis,

approaching in this respect Plotus or Podiceps.

The vertebra? present, unfortunately, are not consecutive, a portion

onlv of the cervicals being present, while some of the dorsals belong

to the anterior portion of the series and others to the posterior part.

The hypapophyses appear to have been developed, much as in Hesper-

ornis, well forward in the dorsal region, in contrast to what occurs in

modern water birds, such as penguins, auks, and loons, in which the

hypapophyses begin immediately in advance of the sacrum and are

longest about the middle of the series.

This would throw the center of effort farther forward in the old

diving birds than in modern species, and may be due to the use of

the luuscles either while capturing fish or in moving about on land.

The synsacrum seems to have comprised ten vertebra^, but this is

not certain, the first of which belongs to the dorsal series and bore a

ri!). The sacrum of Hesperornis contained fourteen vertebra. Noth-

ing of the pelvis is present save the anterior portion of an ilium, and

this, although weathered, resembles the corresponding portion of the

ilium of Hesperornis. The dorsal vertebrse were all free, and so were

the ossa innominata in both Baptornis and Hesperornis, but this free-

dom is to be regarded as due to the aquatic habits of these birds and

not as morphological characters. While the bones of aquatic animals

are heavier than are those of land animals, ossification and union

between contiguous parts takes place much more slowly, and in such

strictly aquatic birds as the penguin and great auk the dorsal vertebrae

and ossa innominata are similarly free.

The coracoid is rather wide and thin, much longer than that of

Hesperornis, and apparently without a precoracoid process or perfo-

ration; an articulation is present for the reception of the clavicle, but

this latter bone was not preserved.

Only the proximal portion of one scapula, the left, is present; this

indicates a stout lione, and there is a suggestion that it may have

expanded distally, as in penguins, but this is suggested, nothing

more.

The humerus is short, round in section, and considerably curved, as

in Apteryx. Although the proximal end is lacking, it seems to have

been not far from 4 inches (100 mm.) long. The radius and ulna are

extremely short, measuring but three-fourths inch (20 mm.) in length.
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Fig. 6.—Right coracoid and portion of

LEFT SCAPULA OF Baptomis adveuus,

NATURAL SIZE.

The extraordinary thing about them is that short as thc}^ are they ar(>

perfectly formed and possess the muscular insertions of much larger

bones, while it is evident that the bones of the manus were also pres-

ent. This is quite different from Hesperornis, in

which the humerus is rather long and straight, and

the bones of the forearm and manus absent; it carries

to an extreme conditions found in the great auk, a

bird in which the forearm is much reduced, though

still functional, Baptornis thus pre-

sents the peculiarity of a forearm of

diminutive size, whose bones are per-

fectly formed, bear the muscular im

pressions of much larger wing l)ones,

and imply the presence

of quill feathers, and not

improbably the use of the

wings in conjunction with

the feet in aquatic loco-

motion. In other birds

in which the wings have

undergone extensive reduction, such as Rhea and Struthio,

to say nothing of Apteryx, the radius and ulna lack the

well-defined form and muscular ridges of Baptornis.

The femur, while short and stout, has nothing of the

squareness shown by Hesperornis, but reseml)les rather

that of a loon on a more massive scale. The greater

trochanter is slightly raised above the level of the head

of the femur, and the outer condyle extends below the

level of the inner; the antitrochanter also appears to have

locked slightly downward, so that the position of the leg

in swimming was doubtless like that of existing water-

fowl. This is the ordinary arrangement and would not

be specially mentioned but for the fact that it is the

reverse of these conditions, coupled with the character of

the tibio-tarsal joint that causes the tarsus of Hesperornis

to stand out almost at right angles to the bod3\ The
procnomial process of the tibia is higher than in Hesper-
ornis, and the large patella appears to have articulated

on one side of this, somewhat as in grebes, and not as in

jH'nguinsand cormorants, where the patella functions as

a cnemial process. The patella is large, of a modified tri-

hedral form, and has a large perforation for the ambiens.

The taxonomic value of such a perforation is lessened ])y the fact that

among cormorants such a perforation is present in some species and
absent in others, and while this may prove to be correlated with

other characters the available material does not show this.

Fig. 7.—Left hu-

maeus, radius

and ulna of

liaptornin ad-

VOfVfS, NATURAL
SIZE.
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The tarsus is stout and somewhat compressed hiterally; although

iveathered there ai)pear to have been no tendinal o-roovos, much less

my tendinal foramina, these hist marking a degree of tarsal specializa-

tion vastly higher than was possessed by any Cretaceous bird. If it is

permitted to borrow a little of the style of W. K. Parker it might be

said that the early birds show a great deal of reptilian coarseness in

their articulations, and lack the detail and sharpness of finish that

eame later and marks a higher degree of specialization. The lower

end of the tarsus ])ears a faint imprint of the presence of tlie small

first digit, but still as much as exists in some ducks. The phalangeal

articulations are narrow, indicating compressed digits; this is also

shown by the proximal fragment of a median digit. Compressed

digits are now associated with lobate feet, and thus, so far as we know,

the lobate foot preceded the webbed foot in point of time. Our

knowledge of early birds is, however, so trivial that it is scarcely

worth while to make any generalizations on this subject, the more that

there is no reason why the two types of foot may not have been evolved

piG. 8.

—

Right i'adella of Baptornis udrniiis, natural size.

independently of one another. The waders indeed suggest that the

evolution was independent, as this group shows the beginning of such

feet in such forms as the phalarope and avocet.

In the length of the coracoid and absence of a precoracoid process;

in the existence of a complete though greatly reduced wing; the short-

ness of the sacrum; proportions of the leg bones and position when m
use, Baptornis is very different from Hesperornis and more like exist-

ing birds. In the slender cervicals, arrangement of tibia and patella,

and general structure of the le^- Baptornis is more like a grebe than

is the contemporary Hesperornis, and if, with the small amount of

material available, it is deemed essential to establish any connection

between groups of existing and fossil birds it is suggested that the

ancestors of Baptornis are much more likely to have been also the

progenitors of the Colymbine group than are those of Hesperornis.

It is certain, as said near the l)eginning of the notes on Baptornis,

that this bird belongs in an entirely different family from Hesperornis,

and if it is ever given to us to know more of the bird it may prove

to belong in a separate order.
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THE POSITION OF DIATRYMA.

Diafrynin glgantea, from the Eocene of New Mexico, was yjlaced

with the struthious birds by Professor Cope, mainly, it would appear,

on account of its size, since he points out some differences between

the tarsus and that of the ostrich and emeu, and notes resemblances

between the distal articulations and those of Gastornis. At the time

Diatryma was described the great South American Stereornithes had

not l)een discovered or Professor Cope would doubtless have instituted

comparisons between them and Diatr^'ma.

Unfortunately, the type and only specimen of Diatryma is a frag-

mentary tarsus, while the only material at hand representing the

Stereornithes is an indifferent cast of Brontornis. Still there are suf-

ficient resemblances between the two to warrant the suggestion that if

material comes to light it will be found that the affinities of Diatryma

are with the Stereornithes and not with the Droniffiognatha?.

There is nothing more improbable in the North American origin of

the Stereornithes than in the similar origin of the large edentates and

llamas, both of which are subscribed to.

For the present there seems to be no evidence of the occurrence of

any large dromasognathous bird in North America, and the presence

of the tinamous may be regarded as the northward extension of a

southern fauna.




