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Washington, D. C, Juhj 3, 1880.

Sir : Immediately before severing my late connection with your de-
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publication.

Owing to the extreme scientific interest of this volume, it seems desir-

able to depart from the practice in previous volumes, and to print an edition

of 3,000 copies, 2,000 to be issued to the holders of the previous series, and

1,000 to be distributed, under the advice of Professor Marsh, to specialists

in his branch.

Leaving immediately for the field and far West, I am unable to await

your answer, and request finally that all matters pertaining to the volume

may be referred to Professor Marsh personally.

Very respectfully, your obedient servant,

CLARENCE KING.

To the Chief of Engineers, U. S. A.,

Washington, D. G.





PREFACE.

The present volume is the first of a series of Monogi-aphs designed

to make known to science the Extinct Vertebrate Life of North America.

In the investigation of this subject, the writer has spent the past ten years,

much of it in the field, collecting, with no little hardship and danger, the

material for study, and the rest in working out the characters and affinities /-

of the ancient forms of life thus discovered.
'-

During this decade, the field work, extending from the Missouri River

to the Pacific Coast, has so predominated, as the subject unfolded, that a

plan of gradual publication became a necessity. The more important

discoveries were briefly announced soon after they were made, but only

where the specimens on which they were based admitted of accm-ate

determination. The principal characters of the new groups were next

worked out systematically, and published, with figures of the more

important parts. When the investigation of a group is completed, the

results, with full descriptions and illustrations, will be brought together in

a monograph. This system has been cai-ried out with the Odotitoniithes,

and will be continued with the other groups. The investigation of several

of these is now nearly completed, and tlie results will soon be ready for

publication.

.\ni



xiv ODONTORNITHES.

Tlie material is abundant for a series of monograpTis on tlie mar%'el-

loiis extinct vertebrates of this country, and the results already attained are

full of promise for the futiire. A somewhat careful estimate makes the

number of new species of extinct vertebrates, collected since 18G8, and

now in the Yale College Museum, about 1,000. Nearly 300 of these have

already been described by the writer, and some have been noticed or

described by other authors, but at least one-half remain to be investigated.

Among the new groups brought to light by these reseai'ches, and

already made known by descriptions of their principal characters, are the

following, wliich will be fully described in subsequent volumes of the

present series.

The fii-st Pterodactyles, or flying reptiles, discovered in this countiy,

were found by the writer in the same geological horizon with the Odontorni-

ihes, described in the present memoir. These were of enonnous size, some

having a spread of wings of nearly twenty-five feet ; but they were espe-

cially remai-kable on account of having no teeth, and hence resembling

recent birds. Tliey form a new order, Pteranodmtia, from the tj-pe genus

Pteranodon. Of this group, remains of more than six lumdred indi%nduals

are now in the Yale College Museum—ample material to illusti-ate every

important point in their osteology.

"With these fossils, were found also gi-eat nimibers of Mosasauroid

reptiles, a group which, although rare in Em-ope, attained an enormous

development in this country, both in numbers and variety of forms.

Remains of more than fourteen hundred individuals, belonging to this

order, were secured during the explorations of the last ten yeai's, and are

now in the Museum of Yale College.

The most interesting discoveries made in the Jurassic fonnation were

tlie gigantic reptiles belonging to the new sub-order Sauropoda, including

by far the largest land animals yet discovered. Another ronuirkable

group of largo reptiles found in the same formation were the Slafosaur'ui.

Other Dinosaurs from the same horizon, the " Atlantosaunis beds,"

show that this was tlie dominant f<mn of vertebrate life in that ago, and

nianv huiidrLMl specimens of ihcsn riptilcs are now in the \ ale Museum
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In a lower liorizon of the same formation, the " Sauranodon beds," were

found the remains of a peculiar new group of reptiles, the Sauranodontia,

allied to Ichthyosaurus, but without teeth.

In the Eocene deposits of the Rocky Mountains, the writer discovered

a new order of huge manmials, the Dinocerata. Remains of several

hundred indi\dduals were secured, and a monograph on the group will

follow the present memoir. In the same fonnation were found the remains

of another new order of mammals, the Tillodontia, in many respects the

most remarkable of any yet discovered. In the same Eocene deposits

were secured the first remains of fossil Primates known from North

America, as well as the first Cheiroptera, and Marsujnalia. Abundant

material also was found in the same region to illustrate the genealogy of

the Horse, and a memoir on this subject is in course of preparation.

To General Sherman and General Sheridan, of the United States

Army, my grateful acknowledgments are especially due, since without

their continued assistance the investigations—of which the present volume

is the fii'st fruits—could not have been made. To the many other officers

of the Army who aided me in the field dm-ing my various explorations,

often in regions dangerous from hostile Indians, my sincere thanks are

likewise due.

For important aid in the preparation of the present volume, I desire

to express my full acknowledgments to Mr. Oscar Harger, Assistant in

Palaeontology, in the ]\Iuseum of Yale College. My thanks are also due

to Mr. George Bird Grinnell, Assistant in Osteology, for much valuable

assistance, especially while the volume was in the press.

o. c. M.

Yale College, New Haven, Conn., .June 16th, 1880.





INTRODUCTION.

The remains of Birds are among the rarest of fossils, and very few

have been discovered except in the more recent foi-mations. According to

present evidence, the oldest known Birds were imbedded in the Jurassic

deposits of Europe, which have yielded tlu-ee individuals belonging to the

genus Arcliccopteryx, so well preserved that the more important characters

can be detennined. The only other remains of birds found in the Mesozoic

of the Old World are a few specimens from the Cretaceous of England,

which are too fragmentary to thi-ow much light on the extinct fomis

they represent.

The earliest traces of Birds hitherto found in the strata of this countay

are from the Cretaceous, although we may confidently predict their

discovery in the Jm-assic beds, if not at a still lower horizon. There is at

present no evidence whatever that any of the tlu-ee-toed impressions in the

Triassic, described as the footprints of Birds, were made by Birds ; and

the proof now seems conclusive that nearly all of them are the ti-acks of

Dinosaurian reptiles, bones of Avhich occui- in the same deposits.

In the Cretaceous beds of the Atlantic Coast, and especially in the

green-sand region of New Jersey, various remains of Birds have been

found, and described by the writer. ^ These fossils, although often in

excellent preservation, occur mainly as isolated bones, and hence their near

affinities have not as yet been detennined with certainty.

' See Synopsis at the end of this volume.
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2 ODONTORXITIIES.

Along the eastern slope of the Rocky Mountains, and especially on the

adjoining^ plains in Kansas and Colorado, there is a series of Cretaceous

strata remarkably rich in vertebrate fossils. The deposits are all marine,

and, away from tlie mountains, they lie nearly horizontal. They have

suffered much from erosion, and are still wasting away, especially along

the river valleys. These beds consist mainly of a fine yellow chalk and

calcareous shale, both admirably adapted to preserve delicate specimens,

ami here have been found the extinct Birds which form the subject of

the present memoir.

The geological horizon of the known Odonfoniifhes is in the ^Middle

Cretaceous, and corresponds to the strata named bv the writer the

" Ptcranodon beds." The latter are included in sub-division number three,

in ^loek and Ilayden's section. The accompanying fossils are Mosasam'oid

rej)tiles, which are veiy abundant ; Plesiosaurs, allied to Pliosaurus

;

Pterodactyles, of the genus Ptcranodon ; and many Fishes. With these

occur Rudistes, and occasionally Ammonites, Belemnites, and various

other Cretaceous invertebrates.

The first Bird fossil discovered in this region was the lower end of the

tibia of Jfrspcrontis, found by the Avriter in December, 1870, near the

Smoky Hill River in Western Kansas. Specimens belonging to another

genus of the Odoufornithes were discovered on the s.ame expedition. Tlie

extreme cold, and danger from hostile Indians, rendered a careful explora-

tion at that tiiiK- impossible.

Ill .Tunc of tlie following year, the writer again visited the same

region, with a larger party, and a stronger escort of United States troops,

and was rewarded by the discovery of the skeleton which forms the tvpe

of Ilcspcrornis rcyalis, JIarsh. Various other remains of OdontoniitJns were

secured, and have since been described by the writer. Although the fo.-<sils

obtained during two months of exploration were important, the residts

of this trip did nc>t ecpial our i-xpi'ctations, owing in part to the extreme

heat (llC to 120" Fahn-nhcit, in the .sliade) whii-li, causiug sunsti'oke and

fever, weakened and discouraged guides and explorers alike.
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A considerable part of these Cretaceous deposits still remained unex-

plored, and in the autumn of 1872, a third expedition through this territory

Avas undertaken by the writer, with a small party. Additional specimens

of much interest were seciu-ed', including the type of the genus Apatornis,

and one nearly complete skeleton of Ecsperornis,—an ample reward for the

hardship and danger we inciured-

The specimens thus secured by these various expeditions have since

been supplemented by important additions, collected in the same general

region by different parties equipped and sent out by the writer, who no

longer could give his personal supervision to work in that field. The fossil

Birds procured in this region since 1870, by these different expeditions,

include remains of more than one hundred different individuals of the

Odontornithes. These are all in the ]\Iuseum of Yale College, and fomi

the material on which the present volume is based.

A study of this extensive series of Bird remains brings to light the

existence in this class of two widely separated types, which lived together

during the Cretaceous period, in the same region, and yet differed more

from each other than do any two recent birds. Both of these types

possessed teeth, a character hitherto unknown in the class of Birds, and

hence they have been placed by the writer in a separate sub-class, the

Odontornithes. One of these groups includes very large swimming birds,

\without wings, and with the teeth in grooves (Odontokcc), and is represented

by the genus Hespcrornis. The other contains small birds, endowed with

great powers of flight, and having teeth in sockets (OdoutotormaJ, and\

biconcave vertebrje ; a type best illusti-ated by the genus Ichthyonm. \

Other characters, scarcely less important, appear in each group, and we

have thus a vivid picture of two primitive fonns of bird structure, as

unexpected as they are suggestive. A comparison of these two forms

with each other, and with some recent birds, promises to clear away many

difficulties in the genealogy of this class, now a closed type
;
and hence

they are well worthy of the detailed description and full illustration here

devoted to them.
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The fossil birds now known from the Cretaceous deposits of this

coiintiy are iucUided in nine genera, and twenty species. These liave

all been described by the writer, and are represented, at present, by the

remains of about one hmidi'ed and fifty different individuals. This is

evidence of a rich and vaiied avian faima in America dm-ing Mesozoic time,

and like^^se indicates what we may expect from futiu-e discoveries.
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O D O N T O LC^e,

(Plates I-XX.)

CHAPTER I.

THE SKULL OF HESPERORNIS.

(Plates I-II and XX.)

It is most fortunate for science tliat Hcsperornls regalis—with a single

exception, the oldest bud known—should now be represented by remains

as complete as any fossil skeleton yet discovered, even in the later

formations. Nearly all the bones of the specimens obtained were almost

as perfect as in life, when first found in the mati-ix; although the more

delicate parts were sometimes imavoidably broken in removal, and

occasionally small fragments were lost. Many of the bones were near

their natural position when discovered, and in such cases a special effort

was made to preserve this position, or retain a record of it, by drawings.

However difficult such a method of collecting really is, in the region

explored, its importance will be fully appreciated by anatomists.

Various remains belonging to about fifty different indi^nduals of

Hesperortils are now in the Museum of Yale College, and the most

important of them are described in the present memoir.

6



6 ODONTORNl'riIES.

The Skull. (Plates I-II.)

The skull of Ilcsperornis regalis, Marsh, is long and nan-ow, the rostral

portion forming about tw o-thirds of its entire length (Plate I, figuj-e 1).

Viewed from above, the outline of the whole skull is Avedge-shaped ; and

from the side, it presents a similar form, but somewhat more acute. It has

a general resemblance to the skull of Cohjmhus torquatus, Briinnich (figure

2, page 9) ; but the brain-case is smaller, and the facial portion more

produced. The jjosition and size of the orbits, and of the anterior nasal

apertures, are similar; but the likeness soon ceases, for the type of cranial

structure is essentially ditlbrent in the two genera.

In its more important characters, the skull of Ilesperornis resembles

that of the Ratitfe, or Struthious birds, and we shall find other striking

evidences of afiinitv with this group in various portions of the skeleton.

The base of the skull shows nearly all the cranial characters which

Huxley, in his invaluable memoir on the Classification of Birds, lays down

to distinguish the BatiUe,^ namely:

(1.) The posterior ends of the palatines, and the anterior ends of the

pterygoids are very imperfectly, or not at all, articulated with the

basisphenoid rostrum.

(2.) Sti-ong " basipterygoid " processes, arising from the body of the

basisphenoid, and not from the rostrum articulate with facets which are

situated nearer the posterior than the anterior ends of the inner edges of

the pterygoid bones.

(.'}.) The upper, or proximal, articular head of the quadi'ato bono is

not divided into two distinct facets.

The occi])ital condyle in llvsperoruis is cordate in outline, and its

articular face is only moderately convex (Plate II, figure 4.) It is much

le.ss rounded than the condyle in the Batitcc, and has a longer base. The

articidation looks backward, and there is a shallow lUi-diau groove on the

upper li;ill'. The foramina in tlic base of tlic skull liavr the same general

position as in reccut Strutliious birds.

' PruceedingB Zoological Socit'ly of London, 1807, p. 418.
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The palatines reseniLlc those of the Ostrich. They are h.iig, sk-iuh-r

bones, extendinu- from ihcir \inion with the pterygoids, parallel with tlie

axis of the skull, and joining- the premaxillaries. In one specimen, they

lie nearly in position, the left palatine being immediately beneath the left

maxillary. In front of their junction with the pterygoid, and just anterior

to their widest expansion, there is a deep pocket, very similar to that in the

palatine of the Ostrich. The anterior half of the bone is slender, and

tapers gradually to the extremity.

The vomers in Hcsperornis are separate, as in lizards and a few existing

birds. Tliey are smaller than the palatines, and resemble the vomers of

Rhea, more than those of the other liatifcc. They are broadest at the base,

which is obliquely truncated, and they taper gradually to the pointed

exti-emity in front (Plate II, figure 8.) The thick posterior end may

possibly have united with the pterygoid, as well as with the palatine.

Both vomers are preserved in the skull figured in Plate I, but are displaced.

The bones of tlie brain-case are ankylosed, but in other pai-ts of the

skull the sutiu-es are distinct, and many of them are open, as in the Ostrich

and other Eatitce. The orbits are large, and placed near together. There

is a well-ossified interorbital septum, which is perforated by a large

fenestra. (Plate I, figure 1, of.) The superior temporal arch is wanting,

and the orbit was closed below by the strong quadrato-jugal bar. There

was a large temporal fossa, bounded in front by a distinct postorbital

process. There are well marked glalidular depressions extending along

the roof of the orbits, as in Cohjmhus and some other recent aquatic birds.

The quadrato-jugal bone is slender, and its articular- head fits into a

deep pit in the lower end of the quadrate. There is a large triangular

lachrymo-nasal fossa, between the orbit and the anterior nasal opening.

The latter is long and naiTow, and closed beliind by the nasal bone. The

suture between the frontals and the beak was quite open. The lachrymal

bone is distinct, and articulates with the frontal, nasal, and maxillary.

The nasal is deeply excavated in front for the anterior narial aperture, and

below joins both the maxillary and premaxillary.
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The premaxillaries are elongate, and separate throughout their

posterior t\vo-third.s. (Plate I, figure 5.) Their extremities touched the

trontals. Tlieir sides are deeply excavated for the anterior nares, and in

front they are ankylosed, and fonn a long pointed beak, the end of which

is somewhat decurved. This exti-emity, back to the nasal openings, has its

surface pitted with in-egular vascular foramina, indicating, apparently, that

it was once covered witli a horny bill, as in modem birds.

The various cranial characters above described may nearly all be

found in recent birds, if we search thi-ouglx different groups ; but in

Hesperornis the stout maxillary bones were armed with Avell developed

teeth, a feature unknown in this class, before the discovery of the remains

described in the present volume. These teeth were set in adeep continuous

alveolar groove, with only foint indications of separate sockets (Plate II,

figure 1.) They resemble most nearly, in fomi and structm-e, the teeth of

reptiles, and are fully described in the following chapter. There were no

palatal teeth, and none in the premaxillaries.

The Brain.

The brain of Hesperornis was quite small, and more reptilian in type

than in any adult bird hitherto examined. On page 9, figure 1, the skull

in this genus is represented, with the outline of the brain-cavity in position.

The skull of the Loon is added in figure 2, also with a cast of the brain in

its natural position, and life size. A comparison of the two, places the

relative magnitude and proportions of the brain in each in strong contrast.

The reptilian typo is shown on the same page in figure 3, which represents

in natiu'al size a cast of the brain-cavity of a young- Alligator.

In Ilcspcroruis rcgalls the olfactory lobes (figure 1, ol) were large and

elongate, and their nerves passed out of the cranium by separate orifices,

one on each side of the interorbital septum. The cerebral hemispheres

(figure 1, r) were of very moderate size, much smaller, jiroportionally,

than in any existing birds, and strongly resembling the corresponding part

in .sonic n-ptilcs. The two IoIk-s wen' narrow, and sub-ovate in outline,
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Fio. 1. "Fio. 2.

Fig. 3.

Figure 1. — Outline of skull and brain-cavity of Besperomis regalis. Marsh; seen from above; three-fifthg

natural size.

FIOCRE 2. — Outline of skull and brain-cavity of Loon, ( Colymbus torquatus, Brunnich) ; same view ; natural size.

Figure 3. — Cast of brain-cavity of young Alligator ; seen from above ; natural size.

ol. olfactory lobes; r. cerebral hemispheres; op. optic lobes; cb. cerebellum; /. flocciJi: m. medulla.

2
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and were separated above by an osseous median crest, depending from the

roof of the brain case. The optic lobes (figiu-e 1, op) were hirge, and

very prominent, and only slightly covered above by the cerebral hemis-

pheres. Their similarity in size and position to the oiitlc lobes of reptiles

is esjjecially notewoi'thy. The optic nerves were large. The cerebellum

(figure 1, cV) was quite large, and reptilian in its general featui'es. The

flocculi were well developed, and lodged in distinct ca\'ities.

In contrasting the brain-cavity oi Hesjierornis with that of Coli/»>hus, as

shown together in figux'es 1 and 2, a striking difterence is seen in the size,

the latter being about tlu'ee times the bulk of the fonner. The two skulls

are represented of the same absolute length, for the purpose of direct

comparison. If, moreover, the relative size of the entire skeleton in each

case be likewise considered, tlie brain of Hesperornis would have even less

than one-third the relative capacity of that of the Loon. As the two birds

were evidently similar in shape, and habits, the comparison seems to be a

fair one. Another marked ditference in the brain of the two genera is seen

in the relative size of the cerebral hemispheres, as re^^resented in figm-es 1

and 2. The cerebral lobes of Colymhus are very large, and nuich expanded

transversely ; and it is in this portion of the brain that the real ditference

of size is most apparent.

These facts are especially important, since they tend directly to show

that the essential principles of the law of brain-growth, established by the

writer in extinct mammals, applies also to birds. This law, briefly stated,

is as follows

:

1. All Tertiary mammals had small brains.

2. There was a gradual increase in the size of the brain during this

/ period.

.'>. This increase was couliiicd niaiiiK' to the i-urcbral hemispheres,

or higher portion of the brain.

4. In some groups, the convolutions of the brain have gi*adually

become more complicated.

5. Ill some, the cerebellum anil ihc olfactoiy lobes have even

diminislird in size.



SKULL OF IIESPERORNIS. 11

6. There is some evidence that the same general law oT Lrain-

growth holds good for Birds and Reptiles, from the Cretaceous to the

present timc.i

The concluding suggestion was in part based on facts now published

for the first time in the present memoir.

The Lower Jaws. (Plate I, figures 2--4.)

The lower jaws are long and slender, and were thickly set with teeth.

The rami were united at the symphysis in front only by ligament, a feature

unknown in modern adult birds. There is an imperfect articulation

between the splenial and angular elements, which probably admitted of

some motion ; and all the other sutures are open, or distinguishable. There

was apparently a mandibular foramen. There is a well marked shallow groove

on the outer superior margin of each dentary bone, for the reception of the

maxillary teeth, when the jaws were closed. (Plate I, figure 3, h.) The

angle of the mandible extends backward but a short distance beyond the

articular face for the quadrate, and the extremity is obliquely truncated.

The following measurements of the skull of Hesperornis regalia are

taken mainly from the very perfect specimen figured in Plate I, and

recorded as number 1206, in the Geological Catalogue of Yale College

Museum. The other dimensions are derived from number 1207, of the

same Catalogue, to which reference is made in all the numbers of specimens

given in the descriptions that follow :

Measurements of Skull. {Hesperornis regalis, No. 120C.)

Length of skull, from occipital condyle to end of premaxillary, 257.0°'"'

Greatest transverse diameter, behind temporal fossae, 61.0

Least transverse diameter, between temjwral fossie, 30.0

Greatest transverse diameter, between temporal fossae and orbits, 42.0

Least transxeree diameter, between orbits, - -- 9-0

Transverse diameter of prcmaxillarics, at anterior nares, 9.0

Antero-posterior diameter of anterior nares, — -- 55.0

' American Journal of Science and Arts, vol. viii, p. 60, July, 1874; and vol. .\ii,

p. 01, July, 1876.
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Transverse diameter of anteritir narcs, 9.0'

Extent ot preinaxillary in front of anterior nares, .. 88.0

Transverse diameter of occipital condyle, 10.0

Vertical diameter of occi])ital condyle, CO
Transverse diameter of foramen magnum, 9.0

Measurements of Skull. [Ilesperornis regalts, No. 1207.)

Transverse diameter of occipital condyle, 9.0

Vertical diameter of occipital condyle, 8.0

imm

mm

OTransverse diameter of foramen magnum, 1

Distance between external margins of quadrate articulation, 49.0

Greatest width of skull, behind quadrate articulations, ... 55.0

Transverse diameter of quadrate articulations, 8.0

Antero-posterior diameter of quadrate articulations, 6.5

Length of quadrate, 32.0

Transverse diameter of proximal end, 9.0

Antero-posterior diameter of proximal end, . 7.0

Transverse diameter of shaft, at middle, .. 4.0

Vertical diameter of pit for quadrato-jug.al, .. CO
Antero-posterior diameter of jiit for quadrato-jugal, 4.0

Longest diameter of inferior condyle of quadrate, — 12.0

Measurements of Lower Jaic. [Hesperomisregalis, "No. 1206.)

Length of lower jaw, . 257.0

Greatest vertical diameter of lower jaw, 25.0

Extent of alveolar groove, 138.0

Depth of alveolar groove, 5.0

Greatest diameter of posterior facet for articulation with quadrate, 14.0

Least diameter of posterior facet for articulation with quadrate, 5.0

mm



CHAPTER II.

THE TEETH OF HESPERORNIS.

(Plates I, II, and XX.)

The absence of teetli has long been regarded as one of the best

distinctive characters of Birds; since teeth are present in some members of

all the other classes of vertebrates. All existing Birds have the jaws

covered with a homy sheath, which is usually smooth. In some gi'oups,

this beak-covering is more or less seiTated, and in a very few forms the

elevations con-espond to slight projections of the bone beneath, but no

indications of true teeth have yet been found. This may all be said like-

wise of existing Tm-tles.

Geoffroy Saint-Hilaire and others have, indeed, detected in the young

of some recent birds vascular papillse which resembled those of embryonic

teeth ; but they were apparently portions of the undeveloped homy beak.

The teeth of Ilesperornis are true teeth, Avith their distinctive charac-

ters as well marked as those of any reptile. In the upper jaw, they are

confined to the maxillar}- bone alone, the premaxillary being entii-ely

edentulous. In the lower jaw, the teeth extend from very near the anterior

extremity of the ramus along the entire upper border of the dentary bone.

\ The teeth above and below were implanted in a continuous groove,

somewhat like those of Ichthyosaurus. From the sides of the gi-oove,

slight projections extend between the teeth, thus fomiing faint indications

of sockets ; but these projections are not sufficient to materially lessen the

width or depth of the groove. (Plate II, figure 11).

13
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The teetli were evidently liold in jjosition by cartilage, which permitted

some fore and aft movement ; but lateral motion was much restricted bv

the depth and narrowness of the groove, and the large size of the fangs.

With the decay of this cartilage after death, the teeth readily lost their

erect 2)osition, and became more or less displaced.

In the best preserved specimen of Ilesperorms regalis (number 1206),

most of the teeth had fallen out of the grooves, when found, and were

lying scattered along beside the jaws, as often seen in specimens of

Ithtlnjosaurus. The embryonic sockets, in this specimen, indicate that

there were foui'teen functional teeth in the maxillary bone, and thirty-

three teeth in the con-esponding ramus of the lower jaw, as shown in

Plate I, figures 1-4. In Hcspcrornis crass'tpes (number 1474), a number

of teeth were likewise found in position in the jaws, but the exact number

originally in each cpuld not be determined.

The teeth of Jlesperornis were gradually replaced by successional

teeth, and this took place in a manner very similar to that in some reptiles.

Tlie germ of the young tooth was formed on the inner side of the fang of

the tooth in use, and, as it increased in size, a pit for its reception was here

gradually made by absoi-ption. The old tooth at last became undermined,

and was expelled by the new one, which occupied the same position, the

number of teetli tlms remaining the same.

The teeth of Hesperornis have conical pointed crowns, covered with

smooth enamel, ami supported on stout fangs. In fonn of crown and base,

they closely resemble the teeth of Mosasam-oid reptiles, one of Avhich is

represented on page 15, figure 7, for comparison. The outer and inner

surfaces of the crown are separated by sharp ridges, which are without

serrations. Tiie outer side is nearly jjlane, and the inner smface sti'ongly

convex.

Tlie crowns of the teeth are mainly composed of firm dentine, invested

with a layer of enamel. The relative proportions of these are shown in

figure 4. Tlic jiulp cavity was large, :uiil in the sjiecimen above repre-

sented was iilU'(l with calcite. The coronal walls of this cavity are smooth,

and well defined. The fang consists of osteo-dcntine.
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Fig. 4. Fio. 6.

Fig. I

Ftg T.

Fiorua 4.— Vertical section of t 'f spcromis n-jaiis, yiarsU; (^o. i:OG).

Flou.iE 5.— Horizontal secti^Il . ,,tli; botli eularged thirty-two diameters.

Fiocm: 6. — Tooth of Z/i> /i/i«(Xo. 1206); enlarged eight diameters.

Fiom- 7. — Tooth of i/bs' ^ ;.nc<j)«, Marsh ; half natural size.

a. enamel of crown ; 6. dentine ; c. pulp cavity in crown ; b' root of tooth ; f'. absorbed cavity in root
d. younfj tooth; sf. intersection of liorizontal and vortical sections.
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The layer of enamel gradually increases in thickness from the base

of the tooth to the apex, as shown in figure 4, a. It is also somewhat

thicker over the anterior cutting edge than in other portions of the base

of the crown, as indicated in figure 5. The line of junction between the

enamel and the dentine is everywhere sharply defined. The enamel is

dense and hard, the calcification having proceeded so far, in the sjoecimens

examined, that the constituent fibres could not be distinguished. The

external surface of the enamel is nearly smooth, but marked by delicate

striae. There is no indication of cement on the coronal surfaces.

The dentine, which forms the mass of the crown, shows a well marked

structure in both the vertical and horizontal sections, figm-es 4 and 5, h.

It is firm and compact, and the calcigerous tubes are well defined. Near

the base of the crown, they radiate horizontally, and in transverse section

appear nearly straight, as shown in figure 5. Higher up in the crown,

these tubes curve upward, diverging from the axis of the tooth less and less,

until beneath the apex they become nearly parallel. In the dentine, there

are distinct concenti-ic lines of growth. These are seen near together and

numerous in transverse section, figure 5, while those which appear in tlie

vertical section, figure 4, are fewer in number, and more strongly marked.

The teeth of Ilespcrorms, taken by themselves, appear to resemble

more nearly the detached teeth of Mosasauroid reptiles, than any others

known, not excepting the teeth of Icldhyornis, Avhich will be fully described

in a subsequent chapter. The teeth in the latter have compressed crowns,

and are implanted in distinct sockets. In all their main features, the teeth

of Hcspcrornis are essentially reptilian, and no anatomist would hesitate

to refer them to that class, had they been found alone. Combined witli

the other reptilian characters of Hcspcrornis, noted elsewhere in the jireseut

volume, they clearly indicate a genetic connection with that group.



CHAPTER III.

THE PRESACRAL VERTEBRAE OF HESPERORNIS.

(Plates III-V and XX.)

In tbo type specimen of Hesperornis regal is, a nvimber of A-ertebroe

were preserved from various parts of tbe series, inchiding nearly all of tbe

candals. Otlier individuals of tliis species, since discovered, liave fmiiisbed

all the missing vertebrae, except the atlas. An examination of the occipital

condyle and of the anterior parts of the axis leaves little doubt as to the

foi-m and proportions of the atlas, so that the entire axial skeleton can now

be detennined with almost absolute certainty.

The presacral veiiebrse of Hesperornis resemble in their more

important characters the coiTesponding A'crtebrce of existing birds. The

articular faces of the centi-a confonn strictly to the modem ornithic type,

an interesting fact, as we shall see, when we compare them Avith the

vertebrae of another group of Odontornithes, from the same geological

horizon.

The neck of Hesperornis regalis was long and slender. Including the

atlas and axis, thero were seventeen cervical vertebra; ; and twenty-three

in all between the skull and sacrum. The last three cerA-icals have free

ribs, and woiUd be called cervico-dorsals by some anatomists, and dorsals

by some others. As the eighteenth vertebra is the first imited to the

sternimi by the intervention of a sternal rib, it seems best to regard it as

the fii"st dorsal, and this view will be adopted in the present volume.

3 17
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There are fourteen vertebra* in the coossified sacral series represented in

Phites X and XI, and there were twelve more in the tail, as shown in I'late

XII, niakin"- the entire colunni consist of fortv-nine vertebrae. This is a

very large number for this class, and is equaled in but very few i-ecent bii'ds.

. Kone of the vertebrae of Hcsperornis were ankylosed together, except

in the sacral series, and at the exti-emity of the tail. None of the vertebrae

contained pneumatic openings, although some were lightened by medidlary

ca^•ities.

The Atlas and Axis. (Plates III and XX.)

The atlas was ex-idently a short ring of bone, very similar to the first

vertebra in modem aquatic birds. Its articular cup for the recejjtion of

the occipital condyle Avas not deep, and was cordate in oiitline. The atlas

articulated with the axis by aa'cU developed zygapophyses.above, and by a

crescent-shaped tubercle below. The ceutnim of the atlas is coossified

with the axis, as the odontoid process.

The axis (Plate III, figm-e 1) is well preserved, and resembles the

corresponding vertebra of the Loon (Colymhus torquatus, Briin.) ; but it is

one-third larger, and a much stouter bone. Tlie posterior aiticular face is

nuich less oblique, being nearly vertical. The odontoid process is

relatively shorter and broader, and its articular face is more extended

backward, along the median line below. This process is slightly concave

al)ove, in prolongation of the floor of the nem-al canal. The centrum of

the axis is expanded at each end, for its articular sm-faces. The anterior

expansion is considerably greater, and somewhat more gradual, than the

posterior; and, at tlie least expanded poition, its thickness is less than two

millimeters. The anterior articidar sm-face is renifonn, the iq)})er (nitline

being emarginate, to make room for the base of the odontoid 2)rocess. The

articulation is concave in both directions, but much more deeply concave

vertically than transversely.

The anterior portion of the centrum of tlie axis is dee})ly excavated

at the sides, nearly on a level with the floor of the neural canal, for the

transmission of the vertebral ai-tery. A very delicate bridge of bone
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may have existed here, completing tlie foramen. In the succeeding

cervical vertebra", this foramen is well developed, and may conveniently

be teinned tlio lateral foramen. It is fomied by the diapophysis above and

the parapojihysis below, and closed externally by their union with the

intervening pleurapophysis. In life, this apertm-e probably protected both

the vertebral artery and vein, and the main trunk of the s}-mpathetic

nerve, as in most recent birds. A hypapophysis extending over about the

postei-ior half of the centnim is indicated, but is not preserved. The

posterior articular sm-face is neai'ly square in outline, with rounded comers.

It is only slightly oblique, the lower portion projecting but little beyond

the upper margin. As in ordinary bhds, it is distiuftly concave vertically,

and convex transversely.

Tlie nem-al arch was sunnounted by a well developed neiu-al spine,

wdiich is broken off in the present specimen. The pre-zygapophyses are

small, oval, convex facets, slightly raised above the siuTOunding bone, and

looking outward and upward at an angle of about 45°. The post-

zygapophyses are much larger. They are concave, and look nearly

directly downward. The nem-al canal is somewhat depressed, perhaps in

part by crushing. The post-zygapophyses extend within about two milli-

meters of the posterior articidar surface of the centiiun. They are

strongly supported above by a ridge arising upon the side of the neural

arch, and nmniug outward and backwai'd over the post-zygapophyses.

No vascular or pnemnatic foramina are \'isible upon this vertebra.

Tliis description of the axis of Eesperomis regalis is derived mainly

from the specimen, number 1207, in which the series of presacral vertebra;

is nearly complete. The following measm-ements are taken from the same

vertebra

:

Measurements of Axis. (No. 1207.)

Length of centnim, including odontoid process, 29.0

Length of centrum, -. -- - - 21.0

Least transverse diameter of centrum (approximate), - 2.0

Length of odontoid process, - -- P-0

Transverse diameter of odontoid process, at base, "•-

Vertical diameter of odontoid process, at base, -^-O

Transverse diameter of anterior articulation of centrum, — 13.0

imm
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.mmVertical diameter of anterior articulatiou of centrum, 6.0'

^superior, 9.0

Transverse diameters of posterior articulation of centrum, i median, 7.0

(inferior, 8.0

Vertical diameter of posterior articulation of centrum, .. 8.0

Transverse diameter of vertebra, across pre-zygapophyses, 13.0

Transverse diameter of vertebra, across post-zygapopbyses (approximate), 24.0

Greatest diamctLT of prc-zygapophyses, . 5.5

Least diameter of pre-zygapopbyscs, 4.0

( vertical (approximate),. T.O
Diameters of post-zygapophyses,

j j.^Hzontal, 7.5

Length of floor of neural canal, 30.0

Length of roof of neural canal (approximate), -. .. 26.0

Transverse diameter of anterior opening of the neural canal, 7.5

Vertical diameter of anterior o])ening of the neural canal, 6.0

Transverse diameter of posterior opening of the neural canal, 8.8

Vertical diameter of posterior opening of the neural canal, 5.0

The Thied Vertebra. (Plate III, figiu-e 2.)

The third vertebra of Hesperornis regalis resembles that of the Loon,

but has the articular faces of the centiauu less oblique. The centrimi is

compressed lateivilly, as in the axis, becoming quite naiTOw at and behind

the middle ; then expanding suddenly, for the posterior articulation. The

anterior articular foce is supported by a more gi'adual expansion. The

face itself is somewhat oblique, looking downward at an angle of less than

30°. It is concave transvcrselv, and convex verticallv, as in ordinary

birds. Immediately behind this articulation, the under sm-face of the

centi-um is excavated. Beyond the excavation, the hyjiapophysis gradually

becomes prominent, quite thin in front, but exj^anded and flattened into a

button-shai)ed process, below the posterior articulation. The latter face is

very similar in sliaj)c to tliat of the axis, but is somewhat larger, as shown

by the measurements, and .slightly more oblique.

TIic mural aicli liore a less j>owertul spine than that of the axis.

The pre-zygaj)op]i\ SIS are nuich longer, and larger than in the axis, and

thfv look inward and u])wnrd, instead of outward, as in that vertebra.

TlicN' are, howivcr, turned only slightly inward. Tlie j)ost-zygapophyses

are less elongated than the pre-zygapophyses; and, as in the axis, are

strengthened by a ridge beginning about the middle of the upijer part of the
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neiiral arch, and continued outward and backward. Between this ridge

and the neural siiine, the smface of the vertebra is excavated posteriorly,

but the posterior edge of the neural arch is considerably thickened, and

rises in a ridge connecting the post-zygapophyses Avith the base of the

neural spine. Over the post-zygapophyses, this ridge is developed into a

projecting tubercle. The lateral foramen for the vertebral arteiy is small,

and over-arched by a strong bridge of bone, from which a short, stout,

obtuse pleurapophysis projects backward, and somewhat do^ATiward. The

floor of the foramen is continued as a gi-oove for a short distance backward

upon the side of the vertebra, bounded below by a well developed nearly

horizontal ridge. A similar, but much smaller, ridge is seen above ; and,

over this, a slight ridge appears on some specimens, extending a little

farther back on the vertebra.

The measm-ements given below show the principal dimensions of the

third cervical vertebra of Hesperornis regalis, in the type specimen, number

1200, and in two other skeletons

:

Measurements of Third Vertebra. (No. 1200.)

Length of centrum, 22.5"""

Transverse diameter of anterior articulation of centrum, 9.0

Vertical diameters of anterior articulation of centrum,' 6.0- 8.0

Transverse diameters of posterior articulation of centram, -- 9.8- 8.2

Vertical diameters of posterior articulation of centrum, - 7.0- 9.6

Transverse diameter of vertebra, across pre-zj-gapophyses, 19.0

Transverse diameter of vertebra, across lateral foramina, 20.0

Transverse diameter of vertebra, across post-zygapophyses, 22.5-21.0

Diameters of prc-zygapophyscs,.. - — 5.0- 9.0

Diameters of post-zygapophyses, -- -- — -- 7.0-8.0

Length of floor of neural canal, - - - 22.0

Length of roof of neural canal, - 21.0

Length of hypapophysis, 6.5

Measurements. (No. 1206.)

Length of centrum, -
24.0"""

Transverse diameter of anterior articulation of centrum, 10.0

Transverse diameters of posterior articulation of centrum, 9.0- 9.5

Vertical diameters of posterior articulation of centrum, 6.0- 8.0

' Where two measurements of the same part are given together, as in this case, thej

refer to the greatest and least dimensiouB of the portion named.
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Trimsversc diameter of vertebra, across pre-zygapophyses, 23.0°"°

Transverse diameter of vertebra, across post-zygapophyses, 29.0

Diameters of pre-zygapophysea, . . - - -- . 7.0-11.0

Diameters of post-zygai)oj)liyses, . 8.0-10.0

Lengtit of floor of neural canal, - 24.0

Vertical diameter of lateral foramen, 4.0

Length of ])leurapophysis,. 1 4.0

Lengti) of free portion of pleurapophysis, .- -. 10.0

Extent of hypapopbysis below vertebral articulation, 0.0

Diameter of terminal tubercle of hypapopbysis, 7.5

Measurements. (No. 1207.)

Length of centrum, 22.0°""

Least transverse diameter of centrum, ......_..- 1.5

Transverse diameter of anterior articulation of centrum,. 10.0

Vertical diameter of anterior articulation of centrum, 5.2

Transverse diameters of posterior articulation of centrum, 8.6- 9.5

Vertical diameters of posterior articulation of centrum, 7.2- 9.0

Transverse diameter of vertebra, across pre-zygapophyses, 1 8.0

Transverse diameter of vertebra, across post-zygapophyses, 28.0

Diameters of pre-zygapophyses, 8.0- 4.0

Diameters of post-zygapophyses, 7.5- 8.6

Length of floor of neural canal, • ._ 22.0

Length of roof of neural canal, .. 22.0

Transverse diameter of anterior opening of neural canal, 7.5

Vertical diameter of anterior opening of neural canal, 6.0

The Fourth Vertebra. (Plate III, figm-e 3.)

The fourth vertebra resembles the tlm-d, but is larger and longer.

The centrum is much excavated in the postero-lateral region, so as even

to become somewhat translucent over a small area, about seven niillinietei-s

in advance of the posterior articidation. The latter is supported upon a

very abrupt e.xpansion of the centrum. In front, the centrum thickens

quite evenly toward the anterior face. The under surface of the centrum

presents, immodiatelv behind the anterior articulation, a rather deep

triangular fossa, the ape.\ of the triangle pointing backward. Behind this

fossa, the lower suiface is nearly Hat, with an acute median ridge, which

divides below the posterior articidar face, and sends, doAvnward and out-

ward, two somewhat triangular eiu--liko processes. The lu-ticidiu* ends of



CERVICAL VERTEBRA OF IIESPERORXIS. 23

the centiiim are much as in the tliinl vertebra, being slightly larger, and

presenting about the same obliquity.

The neural arch is strong, flattened above, and strengthened beliind

by a ridge, as in the third vertebra. The neural spine extended more than

half the length of the neural arch, and temiinated behind just in advance

of a median notch. The anterior zygapophyses are elongated, and are

dii'ected forward, upward, and a little more inward than in the third

vertebra. The post-zygapopliyses are strengthened b}' a lateral ridge, as

in the preceding vertebra. The upper surface of the nein*al arch on each

side of the spine is less depressed posteriorly. The lateral foramen was

larger than in the thii'd vertebra, and the pleurapt)2)hyses were longer, and

directed nearly horizontally backward. In one specimen (niunber 120G),

the median hypapophysial ridge is produced near the middle of the

centrmn into a conspicuous pointed hypapophysis.

The following measurements are taken from the foiuih cervacal

vertebra of two individuals of Hespcrornis regalis, and one, number 1474,

of Uesi)erornis crassipes :

Measurements of Fourth Vertebra. (No. r206.)

Length of centram, 26.0'

Transverse diameter of anterior articulation of centrum,- 12.0

Vertical diameter of anterior articulation of centrum, 5.0

Transverse diameters of posterior articulation of centrum, 9.0-12.0

Vertical diameters of posterior articulation of centrum, V.O- 9.0

Transverse diameter of vertebra, across pre-zygapopliyses, 19.0

Transverse diameter of vertebra, across post-zj'gapophyses, 26.0

Diameters of prc-zj-gapophyses, V.O- 12.0

Diameters of post-zygapophyses, .- 9.0-1 1.0

Length of floor of neural canal, 26.0

Length of plcurapopliysis, 21.0

Length of free portion of pleurapophysis, 17.0

Measurements. (No. 1207.)

Length of centrum, 24.0'

Least transverse diameter of centrum, 0.5

Transverse diameter of anterior articulation of centrum, 11.8

Vertical diameter of anterior articulation of centrum, 4.5

Transverse diameters of posterior articulation of centrum, 9.0-1 1.0

Vertical diameters of posterior articulation of centrum, 8.0-10.0

Transverse diameter of vertebra, across pre-zygapopbyses, 21.0

mm
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Transverse diameter of vertebra, across post-zygapophyses, 29.0'

Greatest diameter of pre-zygapopliyses, 9.0

Le.tst diameter of pre-zygapopbyses, 4.5

Greatest diameter of post-zygapopbyses, _.. 9.6

Least diameter of post-zygapopliyses, 8.2

Length of floor of neural canal,. ... 24.5

Lengtli of roof of neural canal,.. .. 24.0

Transverse diameter of neural canal, at anterior opening, 8.5

Vertical diameter of neural canal, at anterior opening, 5.2

Transverse diameter of neural canal, at posterior opening, 9.0

Vertical diameter of neural canal, at posterior opening, 6.0

Measurements. (Xo. 1474.)

Length of centrum, 24.0'

Vertical di.imeter of anterior articulation of centrum, . 5.0

Transverse diameter of posterior articulation of centrum, 11.0

Vertical diameters of posterior articulation of centrum,. 7.5-11.0

Length of floor of neural canal, 26.0

The Fifth Yertebka. (Plate III, figm-e 4.)

The fifth vertebra is a little longer and larger than the fourth, to

which in most respects it is similar. The centi'iim, howevei", is not so

much excavated in the postero-lateral region. The ridge above the groove

enteiing the lateral foramen is more prononnced. The ventral side of the

centrum is less deeplv hollowed out behind the anterior articulation, and

the depression blends more gradually with the general under surtace, which

beai-s no hypapophysis, but is excavated throughout its lengtli. The

articular surfaces are much as in the fom-th vertebra, with the inferior por-

tion of each a little more expanded. The pre-zygapojihyses slope

somewhat inward, and tlie po.st-zygapophyses are siuinounted by a

tubercle pointing (nitwtnd and backward. Tlie lateral foramen is larger

tliaii ill the fourth vertebra, and the pleimvpophysis longer. The base of

the neiwal spine stops a little short of the anterior margin of the roof of

the neural canal, and terminates at a notch posteriorly.

nic measurements given below of tlio fifth cervical vertebra of

Hcsperorn'is rcfjalis are derived from two tlifl'erent specimens, numbers

120G and 1207.
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Measurements of Fifth Vertebra. (No. 120C.)

Length of centrum, 28.0°"°

Transverse iliamcters of anterior articulation of centrum, 11.0-1:5.0

Vertical diameters of anterior articulation of centrum, 6.0- 9.0

Transverse diameters of posterior articulation of centrum, 10.0-15.0

Transverse diameter of vertebra, across pre-zygapophyses, 27.0

Transverse diameter of vertebra, across post-zygapophyses, 27.5

Diameters of postzygapophyscs, 8.0-10.0

Transverse diameter of lateral foramen, — 3.5

Vertical diameter of lateral foramen, 6.5

Length of pleurapophysis, 25.0

Length of free portion of pleurapophysis, 17.0

Measurements. (No. 1207.)

Length of centrum, - 28.0"'"'

Least transverse diameter of centrum, 1.8

Transverse diameters of anterior articulation of centrum, 11.0-1 3.0

Vertical diameters of anterior articulation of centrum,. 5.5- 8.0

Vertical diameter of posterior articulation of centrum, 8.0

Transverse diameter of vertebra, across pre-zygapophyses, : 27.0

Transverse diameter of vertebra, across post-zygapophyses,— 28.0

Greatest diameter of pre-zygapophyses, — .--

—

10.0

Least diameter of pre-zygapophyses, 5.5

Greatest diameter of post-zygapophyses, - 10.0

Least diameter of post-zygapophyses, -. .. — 8.0

Length of floor of neural canal, _ 28.0

Length of roof of neural canal, 27.5

Transverse diameter of anterior opening of neural canal, 9.0

Vertical diameter of anterior opening of neural canal, _ 6.5

Transvei-se diameter of lateral foramen, . 3.5

Vertical diameter of lateral foramen, 5.0

The Sixth Vertebra. (Plate III, figure 5.)

The sixth vertebra is larger than any of the preceding, and in general

form resembles the fifth. The ridge on the side of the centrum, above the

excavation for the lateral foramen, is continued downward and backward,

imtil it falls into the much more prominent ridge, or crest, separating tlie

lateral and ventral sm-faces of the centriun. This latter ridge is strongly

developed. Arising near the lower external angle of the front articulation,

it first forms a considerable floor for the groove of the vertebral artei-y

;

and then is continued backward, and terminates on each side in a tubercle,

4
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directed outward, backward and downward, and situated Leluw the upjier

poition of the posterior articulation.

The ventral surface of this vertebra is excavated behind the anterior

articular face, and between the ridges on the opposite sides of the centrum.

This excavation, however, is less pronounced than in the fifth vertebra, and

has no definite posterior limit ; but the depression continues through the

whole length of the vertebra, neai-ly disappearing a little behind the middle

of the centnmi, and becoming again deeper posteriorly. The tubercle upon

the upper part of the lamina enclosing the lateral foramen is larger and

more prominent than in the fifth vertebra, and is situated farther from the

pre-zvgapophysis. It represents the diapojihysis, and attains it.s ftdl

development in the dorsal vertebra. The lateral foramen is larger than in

the fifth vertebra. In the specimen fi-om which the figures are mostly

di-awn, this vertebra is imited to the following one by the matrix, and hence

its posterior articidar face is not exposed. The neiiral arch, also, is crushed,

and the dotted outline of the neural spine is drawn from another specimen.

The dimensions of the sixth vertebra of Hesperornis regalis here

recorded include those of the type specimen, number 1200, and tn'O others,

both well preserved.

Measurements of Sixth Vertebra. (No. 1200.)

Length of centrum, - - -- 29.0'

Transverse diameters of anterior articulation of centrum, 12.0-15.0

Vertical diameters of anterior articulation of centrum, 6.0-10.0

Transverse diameters of posterior articulation of centrum, -- - 10.0-14.0

Vertical diameters of posterior articulation of centrum,.. 8.5-11.0

Transverse diameter of vertebra, across pre-zygapophyses, 19.0

Transverse diameter of vertebra, across diapophyses, 25.0

Transverse diameter of vertebra, across pleurapophyses, at base, 21.0

Diameters of pre-zygapophyses, 6.5- 0.8

Length of floor of neural canal, 30.0

Vertical diameter of lateral foramen, 5.5

Traneveree diameter of lateral foramen, 3-0

Measurements. (No. 1206.)

Length of centrum, 31.0'

Transverse diameters of anterior articidation of centrum, 10.0-12.0

Vertical diameters of anterior articulation of centrum, 6.0- 9.0

Transverse diameters of posterior articulation of centrum, - 10.0-16.0

,mm
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Vertical diameters of posterior artieulalion of centrum, 8.0-11.0'

Transverse dianu'tcr of viTlihra, aeross jire-zygapophyses, 20.0

Transverse diameter of vertebra, across post-zygapopliyBes, 21.0

Diameters of pre-zygapopliyses, 6.5-12.0

Diameters of post-zygapopliyses, 7.0-11.0

Lciigth of floor of neural canal, 81.0

Total leiigtli of pleurapopliysis, 29.0

Length of free portion of pleurapopliysis, 21.

Measurements. (No. 1207.)

Length of centrum, 80,0'

Transverse diameters of anterior articulation of centrum,. 11.5-14.0

Vertical diameters of anterior articulation of centrum, 5.6- 9.0

Transverse diameter of posterior articulation of centrum, 16.0

Transverse diameter of vertebra, across pre-zygapophyses, 28.0

Transverse diameter of vertebra, across post-zygapopliyses, 27.0

Greatest diameter of pre-zygapophyses, 9.0

Least diameter of pre-zygapophyses, 5.2

Greatest diameter of post-zygapophyses, 10.0

Transverse diameter of anterior opening of neural canal, 10.0

Vertical diameter of anterior opening of neural canal, 7.0

Length of pleurapophysis, 23.0

Length of free portion of pleurapophysis, 18.0

Diameter of free portion of pleurapophysis, at base, 5.5

Vertical diameter of lateral foramen, 5.8

Transverse diameter of lateral foramen, . 4.0

The Seventh Vertebra. (Plate III, figure 6.)

Tlie seventh vertebra is sliglitly longer and larger than the sixth. Tlio

centnim has the lateral ridge above the groove for the vertebral artery less

developed than in the sixth, and not coalescing with the ridge below

;

wliich, on the other hand, is well developed, and clearly bounds the lower

surface of the centrum. This surface is broader than in the sixth vertebra,

and widely excavated longitudinally, throughout, the excavation being

much deeper and wider anteriorly than in the sixth vertebra, and nowhere

disappearing on the surface of the centnmi. Just behind the outer

inferior margin of the anterior articular face on each side, is a tubercle,

somewhat elongated longitudinally with the vertebra, and projectuig

downward, and slightly inward. These tubercles become a prominent fea-

ture on some of the succeeding vertebraj of the series, but only the faintest

ti-ace of them is visible on the sixth vertebra, and tliey may be considered
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as commencing upon the seventh. A similar structure is seen in the cor-

responding- vertebra of the Loon. In Bhea, these tubercles sufldenly appear

upon the sixth vertebra. The elongated tubercles in which the lateral

ridges terminate posteriorly are smaller and less conspicuous in the seventh

than in the sixth vertebra. The ailicular sm*faces are larger, and some-

what more expanded below.

The pre-zygajjophyses are nearly flat, being only slightly convex.

The post-zygapophyses are slightly concave, especially near the internal

angle. The base of the neural spine extends over nearly the whole

length of the nem-al arch, but was probably shorter antero-posteriorly

above, than in the sixth vertebra. The lateral foi-amen is slightly larger,

and the diapophysis upon its outer wall is greater, more produced do\\-n-

ward and forward, and farther fi'om the pre-zygapophysis than in the

sixth vertebra. A short ridge rising into a crest over the post-zygapophysis

is developed in one specimen (number 1208). The posterior outline of

the neural arch is notched beliind at the teiinination of the neiu-al spine,

as in the preceding vertebra;, but less deejily. The plem-apophyses are

long'er than in the sixth vertebra.

The measurements of two specimens of the seventh cervncal vertebra

of Hesperornis regaUs are given below

:

Measurements of Seventh Vertebra. (No. 120G.)

Length of centrum, 32.0""»

Transvci-se diameters of anterior articulation of centrum, 10.0-16.0

Vertical diameters of anterior articulation of centrum, .. -. 7.0-10.0

Transverse diameter of vertebra, across pre-zygapophyses, 25.0

Transverse diameter of vertebra, across posl-zygaj)opl)yscs, 27.

Diameters of post-zygapopliyses, 8.0-1 1.0

Total lengtli of i>k'urapo])liysis, 31.0

Length of free jiortiou of pleurapophysis, 23.0

Mc.ftsurcmeiits. (No. 1207.)

Length of centnmi, 32.0'

Least transverse diameter of base of centrum, 8.5

Transverse diameters of anterior articulation of centrum, 1 1.(>-16.0

Vertical diameters of anterior articulation of centrum, 0.5-10.0

Transverse diameters of )iiistcriiir arliculalion of centrum, 11.0-15.5

Vertical diameters of jwsterior artii-ulation of centrum, 0.5-10.0

Transverse diameter of vertebra, across pre-zygapophyses, 20.5

jinfn
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Transverse diameter of vertebra, across post-zygapophyses, 27.0'

Greatest diameter of pre-zygapo[)hy8is, 10.5

Least diameter of jiro-zyj;a])opliysis,. 6.4

Greatest diameter of j)ost-zygapophysis, - 12.0

Least diameter of post-zygapopliysis, 8.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 6.5

Length of pleurapophysis,. 31.0

Diameter of pleurapojjliysis, at base, 6.5

Vertical diameter of lateral foramen, 6..5

Transverse diameter of lateral foramen, 3.4

The Eighth Vertebra. (Plate III, figure 7.)

The eighth vertebra is the largest cer^^cal of the series, slightly

exceeding both the seventh and the ninth in length. It closely resembles

the seventh, being sliglilly larger in nearly all its dimensions Tlie ventral

siirtace of the centiimi is more broadly and deeply excavated anteriorly

than in the seventh, and the tubercles, or processes, on each side of this

excavation are more developed, and considerably incurved. Tliey stand

somewhat Avider apart at their bases than in the seventh vertebra, and the

whole inider surface is more widely excavated. The two tubercles near

the posterior end of the lower siu-face are small. The lateral ridge, start-

ing at the upper end of the foramen for the A'ertebral artery, fades out

upon the side of the centi-imi earlier than in the preceding vertebra. Tlie

diapophysis is somewhat stronger and larger than in the seventh vertebra,

and the foramen itself is larger.

The neural spine is shorter than in the seventh cei'A'ical. It tapers

rapidly almost to a point above, and tenninates posteriorly at the margin of

the nem'al arch. The latter shows no median notch at this point, as in the

preceding vertebra;, the margin being gently and evenly excavated between

the zygapophyses. The pre-zygapophyses are slightly convex, and the

post-zygapophyses concave. The latter are strengthened liy a ridge

ninning along the side of the neural arch, and rising and becoming more

prominent over the zygajiophyses. The articular surfices of the centrum

are larger, and especially bi'oader, below, than in the seventh vertebra.

The pleurapophyses are of neai-ly the same lengtli as in that vertebi*a.
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The principal dimensions of the eighth vertebra, as determined from

two specimens of Hesperornis regalis, are as follows

:

Measurements of Eighth Vertebra. (Xo. 1206.)

Length of centrum, - 33,0'

Transverse diameters of posterior articulation of centrum, 1 1.0-15.0

Vertical diameters of posterior articulation of centrum, ..- 8.0-12.5

Transverse diameter of vertebra, across post-zygapophyses (approximate),.. 22.5

Diameters of pre-zygapophyses, .... .. .. .. Y.O—1 1.0

Diameters of post-zygapophyses,.. ..-.. T.5-13.0

Leiigtli of roof of neural canal, 30.0

Total length of pleurapophysis, 33.0

Length of free portion of pleurapophysis, 25.0

Measurements. (Xo, 1207.)

Length of centrum, 33.0

Least diameter of centrum, at base, — 9.8

Transverse diameters of anterior articulation of centrum, ' 12.0-17.0

Vertical diameters of anterior articulation of centrum, 7.0-11.0

Transverse diameter of posterior articulation of centrum, .. 16.0

Vertical diameter of posterior articulation of centrum, 9.0

Transverse diameter of vertebra, across pre-zygapophyses,. - 30.0

Transverse diameter of vertebra, across post-zygapophyses, 29.0

Greatest diameter of pre-zygapophysis, 10.5

Least diameter of pre-zygapophysis, 7.8

Greatest diameter of post-zygapophysis, 12.0

Length of roof of neural canal, 28.2

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 6.5

Total length of pleurapoj)h ysis, 32.0

Length of free portion of pleurapophysis,. 21.0

Diameter of pleurapophysis, at base, 9.0

Vertical diameter of lateral foramen, 8.0

Transverse diameter of lateral foramen, 4.5

The Ninth Vertebra. (Plato III, figiu-e 8.)

The ninth Aortebra has a ccnti-um slightly shorter than the eighth, but

somewhat broader and stouter. The imder siuface of the centrum is

slightly broader, and is more deeply and widely excavated anteriorly.

This excavation, as in the preceding vertebra, is somewhat over-arched by

two descending incurved processes, which are longer and larger than in

the eighth vertebra, and ai-o also set somewhat fiu-ther forwiu-d, so as to be
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on a line with the posterior niaryin of the Jirticular siu-f:ice. The tubercles

at the posterior end of the lower sm-face are small, and scarcely noticeable.

The ridge above the arterial groove upon the side of the centrum is much

as in the eighth vertebra. The articular smfaces of the centrum are slightly-

broader below than in the preceding vertebra.

The ridge strengthening the posterior zygapophysis is well developed,

and rises into a tubercle above the zygapophysis. Tliis tubercle is espe-

cially developed in number 1206. . The nem-al spine extends over slightly

less of the nem-al arch than in the eighth vertebra, and probably was not

as high. The outline of the arch is evenly concave between the post-

zygapophyses, and not notched on the median line. The diapophysis is

developed about as in the eighth cervical. The pleurapophyses are longer

than in the preceding vertebra.

The dimensions of the ninth vertebra of Hesperornis regalis are showi

in the tables given below :

Measurements of Ninth Vertebra. (No. 1 206.)

Length of centrum, - - 32.5

Transverse diameter of anterior articulation of centrum, . _ - 16.8

Transverse diameter of posterior articulation of centrum, 12.2

Vertical diameter of posterior articulation of centrum, 7.0

Transverse diameter of vertebra, across pre-zys^apophyses, 30.0

Transverse diameter of vertebra, across post-zygapophyses, 33.0

Diameters of post-zygapopbyses, - 10.5- 8.0

Length of floor of neural canal, - 33.0

Length of pleurajiophysis,. - 31.0

Length of free portion of pleurapophysis, - 22.0

Measurements. (No. 1207.)

Length of centioim, --— 31.0'

Least diameter of centrum, at base, 10.0

Transverse di.ameters of anterior articulation of centrum,.. 13.0-16.0

Vertical diameters of anterior articulation of centrum, 8.0-1 3.0

Transverse diameter of posterior articulation of centrum, 12.2

Vertical diameter of posterior articulation of centrum, 7.0

Transverse diameters of vertebra, across pre-zygapophyses, 27.0-34.0

Transverse diameter of vertebra, across post-zygapophyses, 31.0

Greatest diameter of pre-zygapophysis, — 10.5

Least diameter of pre-zygapophysis, 8.0

mm
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Greatest diameter of post-zygapophysis, 12.0

Lengtli of floor of neural canal, 31.5

Length of roof of neural canal, 28.0

Transverse diameter of neural canal, at anterior opening, 8.5

Vertical diameter of neural canal, at anterior opening, 0.5

Length of pk'urai)opliysis, 31.0

Length of free portion of pleurapophysis, 20.0

Diameter of pleurapophysis, at base, 9.0

Vertical diameter of lateral foramen, 7.0

Transverse diameter of lateral foramen, 5.5

The Tenth Vertebra. (Plate IV, figau-e 1.)

The tenth vertebra is shorter and stouter than tlie ninth. Tlie under

surface is perceptibly broader, and somewhat more deepl}- excavated in

front. The descending incui'S'ed processes, also, are long-er than in the

ninth vertebra, but the ttibercles at the posterior ends of the lateral ridges

are scarcely apparent. The ridge on the side of the centinnn, above the

vertebrarterial groove, is very similar to the one on the last vertebra. The

neural si)ine is short, small, and low. The post-zvgapophyses occupy a

slightly more anterior position in this vertebra than in the preceding ones,

a change that becomes more marked in the following vertebrfc, where

the zygapophyses are brought nearer together, in order to facilitate the

dorsal flexm-e of the neck, near its base. The diapophysis is larger and

more prominent than in the ninth vertebra, and the plem'apojihyses are

somewhat longer.

The propoitions of the tenth vertebra of ]Ies2)eror)iis regaUs are fully

given in the accompanying measm'ements from two different specimens

:

MeasxtremenU of Tenth Vertebra. (Xo. 1206.)

Length of centrum, 32.0"""

Transverse diameters of anterior articulation of centrum, 12.0-17.5

Vertical diameters of anterior articulation of centrum,. 7.0-11.5

Transverse diameters of posterior articulation of centrum,. 12.0-lG.O

Vertical diameters of posterior articulation of centrum, 7.5-11.0

Transverse diameter of vertebra, across pre-zygapophyses, 34.0

Transverse diameter of vertebra, across ])ost-zygapophyses, 32.0

(Greatest diameter of pre-zygapophysis, 14.5

Least diameter of pre-zygapophysis, P.O

Length of floor of neural canal, 30.0

Length of roof of ueural canal, 26.0
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Measurements. (No. 1207.)

Length of centrum, SO-O""

Least diameter of centrum, at base, 10.0

Transverse diameters of anterior articulation of centrum, — 1.3.0-15.5

Vertical diameters of anterior articiiiaiion of centrum, — 6.5-1 1.0

Transverse diameters of posterior articulation of centrum,. - 11.0-15.0

Vertical diameter of posterior articulation of centrum,— — 8.0

Transverse diameter of vertebra, across pre-zj-gapopbyscs, 36.0

Transverse diameter of vertebra, across post-zygapophyses,.. 32.0

Greatest diameter of pre-zygapopbyses, - 1 2.0

Least diameter of pre-zygapopbyses, 8.0

Greatest diameter of post-zygapopbyses, ..- - 13.0

Least diameter of post-zygapopbyses, 8-0

Length of floor of neural canal, 29.0

Length of roof of neural canal, 23.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 5.5

Length of pleurapophysis, -.- 33.0

Length of free portion of pleurapophysis, 23.0

Diameter of pleurapophysis, at base, ^.5

Transverse diameter of lateral foramen, 5.5

Vertical diameter of lateral foramen, — - 8.0

The Eleventh Vertebra. (Plate IV, figiu-e 2.)

The eleventh vertebra is shorter than the tenth, and appears much

sliorter when seen from above, owing to the ap^^roach of the zygapoi)ln-ses

toward each other, to aid in the flexure of the neck. Its inferior surface

is slightly less excavated than in the preceding vertebra, and the anterior

descending processes occupy a more anterior position. The diapophysis

is here developed into a prominent, tubercular, oblique ridge, iiinning

backward, downward and outward, and fomiing the antero-lateral margin

of the vertebral outline, as seen from above. The nem-al spine is short,

and small. The ridge running fi-om the side of the vertebra to the post-

zygapophysis rises into a prominent tubercle on each side of the upper

sm-face of the vertebra. Tlie post-zygapo])hyses are more oblique, and

the pleurapophyses rather shorter than in the preceding vertebra.

The size and proportions of the ele\enth vertebra of Hesperornis

regalis are given in the measurements below

:
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Measurements of Eleventh Vertebra. (Xo. 1207.)

Length of centrum, - -. 29.0'

Least diameter of centrum, at base, 9.0

Transverse tliameters of anterior articulation of centrum, 14.0-1 7.0

Vertical iliaraeter of anterior articulation of centrum, 8.0

Transverse diameters of posterior articulation of centrum,.. . 11.0-14.0

Vertical diameters of posterior articulation of centrum, 7.5-12.0

Transverse diameter of vertebra, across pre-zygapopliyses, 39.0

Transverse diameter of vertebra, across post-zygapophyses, 32.0

Greatest diameter of pre-zygapophyses, 13.0

Least diameter of pre-zygapophyses, 8.0

Greatest diameter of post-zygapophyses, .. 13.0

Least diameter of post-zygapophyses, 9.5

Length of floor of neural canal,. 27.5

Length of roof of neural canal, 21.0

Transverse diameter of neural canal, at anterior opening, _. . 9.0

Vertical diameter of neural canal, at anterior opening, 5.5

Transverse diameter of neural canal, at posterior opening, 10.0

Total length of pleurapophysis,. 30.0

Length of free ])ortion of pleurapophysis, 24.0

Diameter of pleurapophysis, at base, 7.2

Transverse diameter of lateral foramen, . 7.0

Vertical diameter of lateral foramen, 8.0

The Twelfth Veetebka. (Plate lY, figure 3.)

The twelfth vertebra is shorter than the eleventh, and the zyg-a-

pophyses are more ajiproximated. The post-zygapophyses ai-e tubercular

above, and the neiu-al s])ine is rudimentary. The diapophvsis is more

projecting, but a little less elongated, than in the eleventh vertebra.

The lateral foramen for the vertebral artery is larger, and the descending

processes stronger. The pleurapophyses are somewhat shorter than in the

preceding vertebra.

The dimensions of a nearly perfect twelfth vertebra of Hespcrornis

regalis are given in the table which follows

:

Measurements of Twelfth Vertebra. (No. 1207.)

Length of centrum, 24.0'

Least diameter of centnim, at base, 7.0

Transverse diameters of anterior :irticulation of centrum, 12.0-14.2

Vertical diameters of anterior articulation of centrum, 7.5- 9.0

Transverse diameter of vertebra, across pre-zygapophyses, 46.5

nim
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Transverse diameter of vertebra, across post-zygapophyses, - 32.8"""

Greatest <liaineter of ])re-7.yga|)opliysc8, 13.0

Least diameter of j)re-zyiiai)()pliyse8, — 10.2

Greatest diameter of post-zygapophyses, - 12.2

Least diameter of post-zygapophyses, 10.0

Lengtli of floor of neural canal, 22.0

Leugth of roof of neural canal, 16.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural <'anal, at anterior opening, 6.6

Transverse diameter of neural canal, at posterior opening,.. 9.0

Vertical diameter of neural canal, at posterior opening, — 6.0

Total length of jdeurapophysis, 25.0

Length of free portion of pleurapophysis, 15.0

Diameter of pleurapophysis, at base, - 7.0

Transvei-se diameter of lateral foramen, - - 10.0

Vertical diameter of lateral foramen, - 7.5

The Thirteenth Vertebra. (Plate IV, figure 4.)

The tliirteentli vertebra in many respects resembles the twelfth, and

is I of about the same length. It is rather more excavated at the sides, and

has a^iparently a somewhat larger lateral foramen. The nem-al spine is

but slightly indicated, and in this and the next vertebra reaches its mini-

mum of development. The anterior and posterior zygapophyses a{)proach

still nearer to each other, to aid the flexm-e of the neck, which is greatest

at this point. The descending processes are short and stout, and the

pleurapophyses much as in the twelfth vertebra.

The figures given below represent the anterior and posterior aspects

of the vertebra here described.

Fio. 8. Fig. D.

Figures. — Tliirtecnth vertebra of Tlesperomis regalis, Marsh; (No. 1207), front view; natural sizo.

Figure 9. — The same vertebra
;

posterior view. d. diapophysis
; p. parapophysis

; /. lateral foramen
;

nc. neural canal ; s. neural spine ; z. pre-zygapophysia ; z". post-zygapophysis.
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The dimensions of the thii-teenth cervical vertebra in one series of

Hesperoniis regalis are given below

:

Measurements of Thirteenth Vertebra. (No. 1207.)

Length of centrum, - - -
25.0""°

Least diameter of ceiitrum, at base, 60

Transverse diameters of anterior articulation of centrum,. — 14.0-15.5

Vertical diameters of anterior articulation of centrum, 7.0-11.0

Transverse diameters of posterior articulation of centrum, 10.0-14.0

Vertical diameters of posterior articulation of centrum, 9.0-13.0

Transverse diameter of vertebra, across pre-zygapophyses, 49.0

Transverse diameter of vertebra, across post-zygapophyses, -

.

31.5

Greatest diameter of pre-zygapophyses, 14.0

Least diameter of pre-zygapophyses, 9-0

Greatest diameter of post-zygai)ophyses,- 12.0

Least diameter of post-zygapophyses, 10.0

Length of floor of neural canal, ..- - 25.0

Length of roof of neural canal, — 17.0

Transverse diameter of neural canal, at anterior opening, 8.8

Vertical diameter of neural canal, at anterior opening, 7.0

Transverse diameter of neural canal, at posterior opening, 8.5

Vertical diameter of neural canal, at posterior opening, 9.0

Length of hypapopliysis below centrum, 9.0

The Fourteenth Vertebra. (Plate IV, figure 5.)

The fom-teenth vertebra measui-es a little less than the thirteenth along

the centi'iim. The z}'gapo2)hyses are approximated, and the neural spine

is rudimentary, as in tliat vertebra. The lateral foramen appeai-s to have

been large, and enclosed by bone, which is in part broken away in the

specimen represented in I'late IV. The most conspicuous featm'e of this

vertebra is the gi'eat development of the inferior descending processes, or

" catapopliyses," as they are sometimes called. These are much flattened,

with nearly jjarallol sides, and rounded ends. Tliey arise near together on

the antero-lateral lower part of the centrum, and descend obliquely for-

ward, and a little outward. They are somewhat strengthened along their

inner faces at the base by a low, broad, rounded ridge, which at its base

forms, Nvitli its fellow <if the .ijipo-site side, a puHey-shaped surtace. They

(1(1 not ;i]iiicar lo have been ([uiti' syiiiiuctrical in liuir distal portions on

lilt opposite sides.
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Tlie tubercle below the pre-zygapopliysis l)e<,nns in this vertebra to

assume the form of a tiiie diapophysis, or upper transverse process, but

presents no articular sm-face for a rib. The centrum is somewhat excavated

at the sides, and the excavation is bounded posteriorly by a rounded ridge.

The latter begins near the posterior end of the inferior surface, and runs

forward, upward and outwai'd to the base of the diapophysis, on the lower

part of which it is continued. Above this ridge, and behind the dia-

pophysis, there is a shallow fossa.

This vertebra would be regarded by some anatomists as the last true

cer\acal. Its dimensions taken from three well preserved specimens of

Hcsperornis regalis ai'e given below:

Measurements of the Fourteenth Vertebra. (No. 1207.)

Length of centrum, - — 23.0'

Least diameter of centrum, at base, -.- - — 7.0

Transverse diameters of anterior articulation of centrum _ 12. .5-18.0

Vertical diameters of anterior articulation of centrum, — 7.0-11.

5

Transverse diameters of posterior articulation of centrum, - 1 1.0-15.0

Vertical diameters of posterior articulation of centrum, 8.0—11.0

Transverse diameter of vertebra, across pre-zygapophyses, - - 58.0

Transverse diameter of vertebra, across post-zygapophyses, .- 30.0

Diameters of pre-zygapophyses,.. -- -- 12.0-11.0

Diameters of post-zygapophyses, 11.0—11.0

Length of floor of neural canal, - — 20.5

Length of roof of neural canal, — 16-0

Transverse diameter of neural canal, at anterior opening, 9.5

Vertical diameter of neural canal, at anterior opening,.. ...- 7.0

Transverse diameter of neural canal, at posterior opening, 8.0

Vertical diameter of neural canal, at posterior opening, — 7.0

Length of inferior descending processes, 17.0

mm

Measurements. (Xo. 1476.)

Length of centrum, - - 24.0'

Least diameter of centrum, - 8.0

Vertical diameter of anterior articulation of centrum, 8.8

Transverse diameters of posterior articulation of centrum, 10.5-15.0

Vertical diameters of posterior articulation of centrum,.. 9.5-13.0

Length of floor of neur.al canal, 21.0

Length of roof of neural canal, 16.0

Transverse diameter of neur.al canal, at anterior opening, . 9.0

Vertical diameter of neural canal, at anterior ojiening, 8.0

Transverse diameter of neural canal, at i>osterior opening, 9.0

Vertical diameter of neural canal, at posterior opening, 8.0

iTum
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Measurements of Fourteenth Vertebra. (No. 1477.)

Length of centrum, 24.0'"°'

TransviTsc iliainotcrs of anterior articulation of centrum, 13.0-19.0

Vertical diameters of anterior articulation of centrum,.. 7.0-11.5

Transverse diameter of posterior articulation of centrum, 11.0

Vertical diameter of posterior articulation of centrum, 9.0

Transverse diameter of vertebra, across pre-zygapophyses, 39.0

Transverse diameter of vertebra, across post-zygapophyscs, 33.0

Diameters of pre-zygapophyses, 9.0-1 4.0

Diameters of post-zygap()|)hyses, 9.0-13.0

Length of floor of neural canal, — 22.0

Length of roof of neural canal, 15.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 8.0

Transverse diameter of neural canal, at posterior opening, 8.5

Vertical diameter of neural canal, at posterior opening, 9.0

Distance between extremities of anterior and posterior zygapophyses, 31.0

The Fifteenth Vertebra. (Plate IV, figiu-e 6.)

The fifteenth vertebra is shorter than the foiu-teenth, and of peculiar

shape. The centrum is deeply excavated at the sides, and its articular

faces are transversely elongated. Below, it sends downward and forward

a sti'ong prismatic, or elongate pjTamidal, hypapophysis, as long as the

centrum. The shaft of this process is quadrate in horizontal section, with

the anterior face excavated, and bearing a prominent pointed tubercle on

its right margin, near the end. This pecidiar hypapophysis is bifurcated

at the exti-emity, and the prongs are divergent. They are somewhat

unsymmetrical, the left one being slightly longer than the right, and

directed a little more outward.

There is no lateral foramen, but a distinct subtriangular facet for the

head of the first rib is bonie on a short parapophysis, projecting to the

anterior margin of the articular face of the centram, and somewhat below

it. The .small rib supported by this aiticular face is represented in IMate

VIII, figure 1. The diapophyses are broken oflF, just below the articular

faces for the tubercle of the iHi. 'i'he zygapophyses ai-e rather less

approximate than in tlic preceding vertebra, and tlie neiu'al spine, though

still rudimentar}-, is larger.
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In addition to the figures of tliis vertcljra given in Plate IV, the

acconipau}ing cut shows the posterior aspect of the same specimen.

,mm

FlQTOE 10.—Fifteenth vertebra of Resperm-ms regalis, Marsh; (No. 1207), posterior view; natural size. d.

diapophysis; ;;. parapophysis ; A. hypapophyais ; nc. neural canal ; «. neural spine ; z. pre-zygapophysis

;

z". post-zygapophysig.

The measm-ements given below are from tluree vertebrae, in dififerent

individuals of Hes^jerornis regalis.

Measurements of Fifteenth Vertebra. (No. 1207.)

Length of centrum, - - '^^•"

Transverse diameters of anterior articulation of centrum,. -- 14.0-22.0

Vertical diameters of anterior articulation of centrum, - - 6.5-7.5

Transverse diameters of jiosterior articulation of centrum, .. 14.0-19.0

Vertical diameter of posterior articulation of centrum, 1=^-0

Transverse diameter of vertebra, across pre-zygapopliyses, 36.0

Transverse diameter of vertebra, across post-zygapopbyses, 33.0

Diameters of pre-zygapophyses, - 1 2.5-1 '..0

Diameters of post-zygapophyses,.. - 13.0-11.0

Length of floor of neural canal, 22.0

Length of roof of neural canal,... — 1^-*'

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical di.imeter of neural canal, at anterior opening, 7.5

Transverse diameter of neural canal, at posterior opening, 8.0

Vertical diameter of neural canal, at posterior opening,. ».0

Length of hypapophysis, 20.0

Length of liifid portion of hypapophysis, 5-0

Diameters of articulation for head of rib, - - 5.2- 3.5
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Measurements of Fifteenth Vertebra. (Xo. 1476.)

Length of centrum, - - - - 22.0'

Transverse diameter of anterior articulation of centrum, - 22.0

Vertical diameters of anterior articulation of centrum, CO- 9.0

Transverse diameters of posterior articulation of centrum, .. 14.0-19.5

Vertical diameters of posterior artic(dation of centrum, . 8.0-14.0

Transverse diameter of vertebra, across pre-zygapophyses, — . 36.0

Transverse diameter of vertebra, across parapophyses, 30.5

Diameters of pre-zygapophyses, 10.0-10.5

Length of floor of neural canal, 23.0

Length of roof of neural canal, .-.- - 20.5

Transverse diameter of neural canal, at anterior opening, - . 9.0

Vertical diameter of neural canal, at anterior opening, - 7.5

Transverse diameter of neural canal, at posterior opening, 0.0

Vertical diameter of neural canal, at posterior opening, 8.0

Diameters of articulation for bead of rib,. 6.0- 5.0

3IeasHrements. (Xo. 1477.)

Length of centrum, 22.0

Transverse diameters of anterior articulation of centrmn, 14.5-22.0

Vertical diameters of anterior articulation of centrum, 6.0- 7.5

Transverse diameters of posterior articulation of centrum, 15.0-22.5

Vertical diameters of posterior articulation of centrum, 8.0-14.5

Transverse diameter of vertebra, across pre-zygapophyses, 34.0

Transverse diameter of vertebra, across post-zygapophyses, — 32.5

Diameters of pre-zygapophyses, 9.0-13.0

Diameters of post-zygapophyses, 10.5-14.0

Length of floor of neural canal, 21.0

Length of roof of neural canal, 20.0

Transverse diameter of neural canal, at anterior opening, 10.0

Vertical diameter of neural canal, at anterior opening, 8.0

Length of hypapo])hysis, 15.0

Diameters of articulation for head of rib, 7.0- 7.5

Distance between extremities of anterior and posterior zygapophyses, 37.5

The Sixteenth Vertebra. (Plate IV, figure 7.)

Tlie sixteenth vertebra differs considerably from tlie fifteenth, and

beffins to assume the distinctive featiu-es of the dorsal vertebrje. It is

shorter than the fifteenth, and is the shortest vertebra between tlie atlas

and the saciuni. The centrum is excavated at the sides, mid its articidar

faces are laterally expanded, but of little vertical extent A sti-ong hypa-

pophysis descends from the inferior sin-face, rather more vertically than in

the ])receding vertebra. The articular face for the head of tlie second rib
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is sub-oval in outline, witii the lon<,r axis nearly vertical. The para-

pophysis supporting it is less prominent than in tlie fifteenth vertebra, and

does not extend in front of, nor below, the anterinr articulation ot the

centrum. The diapophyses are well developed, and somewhat ascending

(Plate IV, figure 7, h). They are flattened above, and strengthened by a

roinuled ridge below. Thi.s ridge is united with the posterior j)Ortion of

the diapophysis, but anteriorly they are separated by a roimded groove,

which is shallow distally, but continues proximally into a deej) excavation

under the anterior zygapophysis.

The neural spine is well developed, and tubercular at the top, as in the

succeeding vertebra, but of less antero-posterior extent. It is irregularly

excavated at the base posteriorly by a fossa for the attachment of a liga-

ment. The post-zygapophyses are less projecting, and somewhat nearer

together than in the preceding vertebra.

The posterior aspect of the sixteenth vertebra is well represented in

the following figiue

:

Fig. 11.

FiorRE 11.—Sixteenth vertebra of Hesperornis regalis, Marsh; (So. 1477), posterior view; natural size. d.

diapophysis; p. parapophysis ; A. hypapophysis ; nc. neural canal; s. neural spine; z. pre-zygapophysis;

tf. post-zygapopbysis.

Full measurements of three specimens of the sixteenth vertebra of

Hesperornis regalis will be found in the following tables

:

6
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Measurements of Sixteenth Vertebra. (No. 1207.)

Length of centrum, - - - 1 8.0'

Transverse diameters of anterior articulation of centrum, 17.0-24.0

Vertical diameters of anterior articulation of centrum, 5.0-10.5

Transverse diameters of posterior articulation of centrum,— - 13.0-19.0

Vertical diameters of posterior articulation of centrum, 7.5-14.0

Transverse diameter of vertebra, across pre-zygapophyses, 30.0

Transverse diifmetcr of vertebra, across diapophyses,. .. Cl.O

Transverse diameter of vertebra, across post-zygapophyses, 27.0

Diameters of pre-zygapophyses, 13.8-11.0

Diameters of post-zygapophyses, 13.0-10.0

Length of floor of neural canal, - 20.0

Length of roof of neural canal, - -- — 20.5

Transverse diameter of neural canal, at anterior opening, 10.0

Vertical diameter of neural canal, at anterior opening,. 8.0

Transverse diameter of neural canal, at posterior opening,— 8.0

Vertical diameter of neural canal, at posterior opening,. 8.0

Diameters of articulation for Lead of rib,.. — 8.8- 6.0

Diameters of articulation for tubercle of rib, . 7.0- 4.0

Height of neural spine above floor of neural canal, - 29.0

Antero-posterior diameter of neural spine, 12.0

Measurements. (No. 1476.)

Length of centrum, 18.0

Transverse diameter of anterior articulation of centnmi, 24.0

Vertical diameters of anterior articulation of centrum, — 5.0-10.0

Transverse diameters of posterior articulation of centrum, 16.0-20.5

Transverse diameter of vertebra, across pre-zygapophyses, 35.0

Transverse diameter of vertebra, across parapophyses, 33.5

Transverse diameter of vertebra, across diapophyses, 65.0

Transvei-se diameter of vertebra, across post-zygapophyses, 30.0

Diameters of pre-zygapophyses, — 12.5-12.5

Diameters of post-zygapopliyses, — 10.0-11.5

Length of floor of neural canal, 23.0

Lcngtii of roof iif neural canal, 21.0

Diameters of articulation for head of rib, 5.8- 8.6

Measurements. (No. 1477.)

Length of centrxmi, 19.0"""

Transverse diameters of anterior articulation of centrum, 13.0-22.5

Vertical diameters of anterior articulation of centrum, 6.0-10.5

Transverse diameters of i)osterior articulation of centrum, 15.0-23.0

Vertical diameters of posterior articulation of centrum, 9.0-13.5

Transverse diameter of vertebra, across diapophyses, 40.0

Transverse diameter of vertebra, across parapophyses, 30.0

Diameters of pre-zyga])ophy8e8, 10.5-14.0

mm
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Diameters of post-zygapophyses, 9.0-11.0"""

Length of floor of neural canal, 22.0

Length of liypajiDjihysis, - -- 18.0

Diameters of articulation for head of rib, 7.0- 9.0

The Seventeenth Vertebra. (Plate V, figaire 1.)

The seventeenth vertebra, the hist time cervical, is slightly longer than

the sixteenth, and has assumed the more general characters of the dorsal

vertebrse. The excavations at the sides of the centnini are rather less

pronounced than in the preceding vertebra. The hypapophysis is strong,

directed vertically downward, and is expanded at its distal end, as shown

in the ligui'e below.

Fig. 12.

Figure 12.—Seventeenth vertebra of Ilesperomis regalis, Marsh
j
(No. 14T7), posterior view ; natural size.

Tlie posterior articidation of the centnim has a greater vertical extent

than in the sixteenth vertebra, llie articular sui-fiice for the head of the

rib is larger, and a little more elevated, but not more prominent than in

that vertebra. The diapophyses are directed somewhat upAvard, and

sujiportod beneath by a strong rounded ridge, above which as in the

])rec'oding vertebra, is a gi'oove, ending in a deep pit below the pre-zyga-

pophysis. The neural spine has a somewhat greater antero-posterior

extent, and is higher than in the last vertebra. It is thickened and

truncated at the top, as in the succeeding vertebrae. The posterior

zvgapophyses are less prominent, and nearer together, than in the

sixteenth vertebra.
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Full iiieasiu-ements of the seventeenth vertebra in Hcsperornis regalis

will be found below:

Measurements of Seventeenth Vertebra. (No. 1207.)

Length of centrum, - - - 20.0'

Transverse diameters of anterior articulation of centrum, 16.0-27.0

Vertical diameters of anterior articulation of centrum, 6.0-10.0

Transverse diameters of posterior articulation of centrum, 13.5-19.0

Vertical diameters of posterior articulation of centrum,— 9.0-13.0

Transverse diameter of vertebra, across pre-zygajiopbyses, 28.0

Transverse diameter of vertebra, across diapophyses, - 64.0

Transverse diameter of vertebra, across post-zygapopbyses, 2-i.O

Diameters of pre-zygapophyses, - 12.5- 9.0

Diameters of j)ost-zygapopbyses, 9.0- 8.5

Lengtb of floor of neural canal, — 22.0

Length of roof of neural canal, - 21.0

Transverse diameter of neural canal, at anterior opening, . _ 9.5

Vertical diameter of neural canal, at anterior ojsening, 7.5

Transverse diameter of neural canal, at posterior opening, 7.5

A'crtical diameter of neural canal, at posterior opening, 7.5

Diameters of articulation for bead of rib, 8.5- 6.0

Diameter of articulation for tubercle of rib, 7.0

Height of neural si)ine above floor of neural canal, 29.0

Antero-posterior diameters of neural spine, - - - 13.5-18.5

Measurements. (No. 1476.)

Length of centrum, - - - - 22.0

Least diameter of centrum, 7.5

Transverse diameters of anterior articulation of centrum, 15.0-21.0

Vertical diameters of anterior articulation of centrum, — - 5.0-10.5

Transverse diameters of posterior articulation of centrum, 13.0-19.0

Vertical diameters of posterior articulation of centrum, 10.0-14.0

Transverse diameter of vertebra, across pre-zygapophyses, 25.0

Transverse diameter of vertebra, across parapophyses, 21.0

Transverse diameter of vertebra, across post-zygapophyses, 21.5

Diameter of pre-zyg.ipophysis, - 12.0

Diameters of ])ost-zygai)ophyses, - 8.5- 9.5

Length of floor of neural canal, 24.0

Length of roof of neural canal, 21.5

Diameter of articulation for head of rib, 6.5

Measurements. (No. 1477.)

Length of centrum, 20.0

Transverse diameters of anterior articulation of centrum, 13.5-25.0

Vertical diameters of anterior articulation of centrum, 5.0-10.0

Transverse diameters of posterior articulation of centrum, 15.0-21.0

mm

mm
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Vertical diameters of posterior articulation of centnim, 9.0-14.5"""

Transverse dianietor of vertebra, aemss j)re-/ygaii()i)hyse8, 29.0

Transverse diameter of vertebra, across diajiopliyses, C.'B.O

Transverse diameter of vertebra, across para jiophyses, 32.0

Transverse diameter of vertebra, across post-zygapophyses, 27.0

Diameters of pre-7,ygai)()i)liyse8, 9.5-1 1.0

Diameters of post-zygapophyses, - 7.5- 9.0

Length of floor of neural canal, 23.0

Length of roof of neural einal, - 21.0

Transverse diameter of neural canal, at posterior opening, — 8.0

Vertical diameter of neural canal, at posterior opening, .
V-5

Length of hypapophysis, 19-0

Diameters of articulation for head of rib, 7.5- 9.0

The Eighteenth, or First Dorsal, Vertebra. (Plate V, figure 2.)

Tlie eierliteentli vertebra is a little longer than the seventeenth, and

its centrum is stouter, and less excavated at the sides. The hypapophysis

descends vertically, is longer than the centiiim, and bears an oblique un-

s}Tnmetrical expansion at the end. The articidar face for the head of the

rib is a little more elevated than in the preceding vertebra, but no larger.

The rib supported by this vertebra is represented in Plate VIII, figure 4,

and the adjoining sternal rib, in figure 16. The diapophyses are much as

in that vertebra, and are preceded by a deep pit, extending ]:)eneath the

posterior part of the pre-zygapophysis. A much smaller excavation is

situated just behind the base of the diapophysis. The neiu-al spine was

somewhat larger than in the preceding vertebra, but is broken off in the

specimen figiu-ed. (Plate V, figures 2, 2 c.) The post-zygapophyses are

a little more approximate than in the seventeenth vertebra.

The size of the present vertebra and of its various parts in Hesperorms

rcgalis is given in detail below

:

Measurements of Eighteenth Vertebra. No. 1207.)

Length of centrum, - 22.0

Transverse diameters of anterior articulation of centrum, 17.0-26.0

Vertical diameters of anterior articulation of centrum, 7.5-1 1.0

Transverse diameter of posterior articulation of centrum, 13.0

Vertical diameter of posterior articulation of centrum, 10.0

Transverse diameter of vertebra, across pre-zygapophyses, 25.0

Transverse diameter of vertebra, across diapophyses, 61.5

I
ID ID
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Transverse diameter of vertebra, across post-zygapophyses, 20.0°""

Diameters of pre-zygapophyses, — 9-5- V.O

Diameters of post-zygapoi)hyses, - - - 9-5- 8.0

Length of floor of neural canal, - 23.0

Length of roof of neural canal, - 23.0

Transverse diameter of neural canal, at anterior opening, 10.0

Vertical diameter of neural canal, at anterior opening, V.O

Transverse diameter of neural canal, at posterior opening, 7.0

Vertical diameter of neural canal, at posterior opening, V.O

Diameters of articulation for head of rib, 8.2- 6.5

Diameter of articulation for tubercle of rib, 6.5

Measurements of Eighteenth Vertebra. (So. 14V6.)

Length of centrum, 25.0"""

Least diameter of centrum, — 8.0

Transverse diameters of anterior articulation of centrum, 15.0-23.0

Vertical diameters of anterior articulation -of centrum, 9.0-11.0

Transverse diameters of posterior articulation of centrum, 13.0-20.0

Vertical diameters of posterior articulation of centrum, 13.0-14.0

Transverse diameter of vertebra, across pre-zygapophyses, 24.0

Transverse diameter of vertebra, across parapophyses, 30.0

Transverse diameter of vertebra, across post-zygapophyses, 19.0

Diameter of pre-zygapophyses, 10.0

Diameters of post-zygapophyses, - - - 8.0- 9.0

Length of floor of neural canal, 25.0

Length of roof of neural canal, - 24.5

Transverse diameter of neural canal, at anterior opening, 8.0

Vertical diameter of neural canal, at anterior opening, 6.5

Transverse diameter of neural canal, at posterior opening, V.O

Vertical diameter of neural canal, at posterior opening, 6.5

Diameters of articulation for head of rib, V.O- 9.0

Measurements. (So. 147V.)

Length of centrum, — - - 22.0'

Transverse diameters of anterior articulation of centrum, 1 V.5-24.0

Vertical diameters of anterior articulation of centrum, V.0-1 1.5

Transverse diameters of posterior articulation of centrum, — 15.0-22.0

Vertical diameters of posterior articulation of centrum, 10.0-15.0

Transverse diameter of vertebra, across j)re-zyg;i])iiphysc8, 23.0

Transverse diameter of vertebra, across parapophyses, 32.0

Diameters of ])re-zygapoj>hyses, V.O- 8.5

L<'iigth of floor of neural canal, 23.0

Transverse diameter of neural canal, at anterior opening, 10.0

Vertical diameter of neural canal, at anterior opening, V.O

Transverse diameter of neural canal, at ])osterior opening, 8.5

Vertical diameter of neural canal, at posterior opening, V.O

mm
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The NiNETEENTn Vertebra. (^Plate V, figure 3.)

Tlio nineteenth vertebra is slifrhtly longer than the eighteenth, and

has a somewhat stouter centrum. The latter is as broadly, but rather less

deeply, excavated at the sides, and was provided with a less powerful hypa-

pophysis, which, however, is not preserved in the specimen figured. The

articular surface for the head of the rib is a little higher on the side of the

vertebra, and supported upon a rather less prominent parapophysis. The

diapophyses, as m the preceding vertebra, point somewhat diagonally

upward, and backward. They are gi-ooved, especially near the base in

front, and preceded by a much smaller and shallower pit than in the

eighteenth vertebra. The depression behind the diapophysis is nearly as

in that vertebra. The nem-al spine expands more antero-posteriorly at the

top than in the eighteenth vertebra, and there is a somewhat larger fossa

behind its base. The zygapophyses are similar to those in that vertebra.

Measurements of the nineteenth vertebra in Hcsperornis regalis, taken

from thi-ee specimens, will be fomid below

:

Measurements of Nineteenth Vertebra. fNo. 120T.)

Length of centrum, - - - - - - '*•"

Transverse diameters of anterior articulation of centrum, 10.5-23.0

"Vertical diameters of anterior articulation of centrum, - - 9.0-12.0

Transverse diameters of posterior articulation of centrum, 13.5-22.0

Vertical diameters of posterior articulation of centrum, 10.0-14.5

Transverse diameter of vertebra, across pre-zygapophyses, - 21.0

Transverse diameter of vertebra, across diapophyses, 61.0

Transverse diameter of vertebra, across post-zygapophyses, - - 19.0

Diameters of pre-zygapophyses, . . - - - 10.0- 7.0

Diameters of post-zygapophyses, - 10.0- 8.0

Length of floor of neural canal, 25.5

Length of roof of neural canal, - 23.0

Transverse diameter of neural canal, at anterior opening, - - 8.0

Vertical diameter of neural canal, at anterior opening, - 6.5

Transverse diameter of neural canal, at posterior opening, - 7.5

Vertical diameter of neural canal, at posterior opening, - - - 7.0

Diameters of articulation for head of rib, - 8.0- 6.2

Diameter of articulation for tubercle of rib, - - - - - 7.5

Height of neural si)ine above floor of neural canal, - - 33.0

Antero-posterior diameter of neural spine, 23.0
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3feastirement8 of Nineteenth Vertebra. (Xo. 1476.)

Length of centrum, - - 26.5°""

Least diameter of centrum, - - 8.6

Traii.>*verse ilianieter.s of anterior articulation of centrum,.. 15.0-2.3.0

Vertical diameters of anterior articulation of centrum, 13.0-12.0

Transverse diameters of posterior articulation of centrum, 13.0-14.0

Vertical diameters of posterior articulation of centrum, 13.0-20.0

Transverse diameter of vertebra, across ])re-zygapophyses, 21.0

Transverse diameter of vertebra, across jjarapophyses, 30.5

Transverse diameter of vertebra, across diapophyses, 57.0

Transverse diameter of vertebra, across post-zygapophyses, 19.0

Diameters of pre-zygapophyses, T.5- 8.0

Diameters of post-zygapophyses, 10.0—10.0

Length of floor of neural canal, _ 27.0

Length of roof of neural canal, 25.5

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 6.0

Transverse diameter of neural canal, at posterior opening, 7.0

Vertical diameter of neural canal, at posterior opening,. 6.5

Diameters of articulation for head of rib, 6.0- 7.5

Antero-posterior diameter of neural spine at base, 18.0

mm
Measurements. (No. 1477.)

Length of centrum, 24.0'

Transverse diameters of anterior articulation of centrum, 17.0-24.0

Vertical diameters of anterior articulation of centrum, 8.5-12.0

Transverse diameters of posterior articulation of centrum, 15.0-24.0

Vertical diameters of posterior articulation of centrum, 12.0-15.0

Transverse diameter of vertebra, across pre-zygapophyses, 20.0

Transverse diameter of vertebra, across parapophyses, 30.0

Transverse diameter of vertebra, across post-zygapophyses, 19.0

Diameters of pre-zygaj)0])hyses,.. 7.0- 8.0

Diameters of post-zygapophyses, 7.0- 8.0

Length of floor of neural canal, 25.0

Length of roof of neural canal, . 23.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 7.0

Transverse diameter of neural canal, at jiosterior opening, 8.0

Vertical diameter of neural canal, at posterior opening, 6.5

Diameters of articulation for head of rib, 6.2- 8.0

Antero-posterior diameter of neural spine at base, 15.0

Thk Twentieth Vertebra. (Plato V, fifjure 4.)

Tlie twentieth vertel)r!i is of about tlio same leiij^tli as the nineteenth,

or sligiitly lonj^er, and is somewhat h-ss (h-eply excavated at tlie sides.
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Its articular faces are perceptibly larger. The hypapopliysis is shorter

and weaker, and the i)ara])ophyses are higher on the side of the

vertebra, than in tlie last. The diai)ophyse8 point directly outward, and

somewhat upward. They are thin, and scarcely grooved in front, and

there is only a iiidinientary pit at the base, but behind, there is a more

pronounced depression. In number 147G, there is a pit on one side, and

none on the other. The nem-al spine begins to increase slightly in height

in this vertebra. Its base is broad, and it expands but little antero-

posteriorly toward the top. The fossa at its base behind is large, and

most of its anterior border is decidedly roughened for ligamentaiy

attachment. The centnuu of this vertebra is constiicted, and has a

medidlaiy ca\-aty, as shown in the figure belo^\.

Fio. in.

FiornE 13.—Trnnsverse vertical section of twentieth vertebra; (So. 1471). Front view; natural size.

d. diapophysis; c outline of posterior end of centrum; m. medullary cavity; tic. neural canal; s. neural

spine ; ?'. outline of post-zygapophysis.

The dimensions of two well presented examples of the twentieth

vertebra in Hesperornls regalis are as follows

:

Measureme7its of Thoentieth Tertebra. (No. 1207.)

Length of centrum, 24.5'

Transverse di.imeters of .interior .irtieul.ition of centrum, 17.0-25.0

Vertic.tl tli.imeters of ."jnterior articulation of centrum, 10.0-12.5

Transverse diameters of posterior articulation of centrum, 14.0-21.5

Vertical diameters of posterior articulation of centrum, 11.5-15.2

Transverse diameter of vertebra, across pre-zygrapopliyses, 20.0

Transverse diameter of vertebra, across di.ipophyses, -. 61.0

mm
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Transverse diameter of vertebra, across post-zygapophyses, 21.0'

Diameters of pre-zygapopbyses, 10.0- 8.0

Diameters of post-zygapopbyses, 9.5- 9.0

Lengtb of floor of neural canal, 20.0

Lengtb of roof of neural canal, 23.5

Transverse diameter of neural canal, at anterior opening, 8.0

Vertical diameter of neural canal, at anterior opening, 6.0

Transverse diameter of neural canal, at posterior oi)ening, 7.5

Vertical diameter of neural canal, at posterior opening, 6.2

Length of hy]>apophysis, 5.0

Diameters of articulation for head of rib, 8.0- 6.4

Diameter of articulation for tubercle of rib, T.O

Height of neural spine above floor of neural canal, 34.0

Antero-posterior diameters of neural spine, 1 7.5-23.0

Measurements. (Xo. 1476.)

Length of centrum, 26.0'

Least transverse diameter of centrum, 9.0

Transverse diameters of anterior articulation of centrum, 14.0-22.0

Vertical diameters of anterior articulation of centrum, 12.5-13.0

Transverse diameters of posterior articulation of centrum, 14.0-22.0

Vertical diameters of posterior articulation of centrum, 13.0-15.5

Transverse diameter of vertebra, across pre-zyga2:)ophyses, 20.0

Transverse diameter of vertebra, across parapophyses, 27.5

Transverse diameter of vertebra, across post-zygapophyses, 17.0

Diameters of pre-zygapophyses, 8.5-10.5

Diameters of post-zygapophyses, 8.5-10.0

Length of floor of neural canal, 27.0

Length of roof of neural canal, 23.0

Transverse diameter of neural canal, at anterior opening, 8.0

Vertical diameter of neural canal, at anterior opening, 5.5

Transverse diameter of neural canal, at posterior opening, 8.0

Vert ical dianicter of neural canal, at posterior opening, 5.5

Diameters of articulation for head of rib, ._ 7.0- 8.0

Antero-posterior diameter of neural spine, at base, 19.0

The Twenty-first Vertebra. (Plate V, figaire 5.)

The twenty-first vertebra is slightly longer than the twentieth, and

tlie centrum is stonter, and less excavated at the sides. The hj^japophysis

is short and weak. "^Phe parajwphyses are very short, so that tlie articnla-

tion for the head of the rih is scarcely raised above the general siu'face of

the vertebra. It is situated nearly on a level with the neural canal, but
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extends somewhat below. The diapophyses in this vertebra beg-in to

shorten, though but sHglitly, and are directed liorizoiitally outward, and

somewhat anteriorly. Neither in front of, nor behind their base, is tliere

any proper pit in the vertebra. The neural spine is somewhat higher, but

of less antero-posterior extent, than in the preceding vertebra, and the

siu-faces before and behind near the base are rather more roughened for

the attachment of ligaments.

To indicate the range of variation in the vertebrae of Hesperornis

regalisy measurements of the twenty-first vertebra in five individuals are

given in the tables below. Number 1200 is the type of the species.

Meamirtments of Ticenty-first Vertebra. (No. 1200.)

Length of centrum, - 24.0'

Least transverse diameter of centmm, 9.0

Transverse diameters of anterior articulation of centrum, 16.5-23.0

Vertical diameters of anterior articulation of centrum, 9.0-13.0

Transverse diameters of posterior articulation of centrum, - 14.8-22.0

Vertical diameters of posterior articulation of centrum, 10.5-16.5

Transver.se diameter of vertebra, across prc-zygapophyses,— 20.0

Transverse diameter of vertebra, across parapophyses, 27.0

Diameters of pre-zygapopbyses, - - 9.5-8.5

Lengtb of floor of neural canal, 25.5

Lengtb of roof of neural canal, _ 23.0

Transverse diameter of neural canal, at anterior opening, , 7.0

Vertical diameter of neural canal, at anterior opening, - 5.0

Transverse diameter of neural canal, at posterior opening, 8.0

Vertical diameter of neural canal, at posterior opening, 6.0

Diameters of articulation for head of rib, - 7.0- 8.0

Measurements. (No. 1206.)

Transverse diameters of anterior articulation of centrum, -. 16.0—24.0'

Vertical diameters of anterior articulation of centrum, - 12.0-13.0

Transverse di.ameter of vertebra, across pre-zygapophyses, - 20.0

Transverse diameter of vertebra, across parapophyses, 25.0

Diameters of anterior zygapophyses, 9.5-1 1.0

Transverse diameter of neural canal, at anterior opening, 7.6

Vertical diameter of neural canal, at anterior opening, 6.0

Diameters of articulation for head of rib, — 6.0- 9.0

Length of hypapophysis, - 14.0

Height of neural spine above floor of neural canal, 33.0

Antero-posterior diameters of neural spine, 17.0-21.0

iiDin
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Measurements of Twenty-first Vertebra. (No. 1207.)

Length of centrum, 25.0'

Transverse diameters of anterior articulation of centrum, 17.0-27.0

Vertical diameters of anterior articulation of centrum,. - - 11.0-14.0

Transverse diameters of posterior articulation of centrum, 15.0-23.0

Vertical diameters of posterior articulation of centrum, 12.0-17.0

Transverse diameter of vertebra, across pre-zygapophyses, 20.5

Transverse diameter of vertebra, across diapopbyses, .- 5.7

Transverse diameter of vertebra, across post-zygapophyses, 19.0

Diameters of pre-zygapophyses, j 8.2- 9.8

Diameters of post-zygapophyses, 8.8- 8.8

Length of floor of neural canal, 20.0

Length of roof of neural canal, 23.0

Transverse diameter of neural canal, at anterior opening, 8.2

Vertical diameter of neural canal, at anterior opening, 6.5

Transverse diameter of neural canal, at posterior opening, 8.0

Vertical diameter of neural canal, at 2)Osterior opening, 6.6

Diameters of articulation for head of rib, 8.2- 8.2

Diameter of articulation for tubercle of rib, 6.0

Height of neural si)ine above floor of neural canal, 36.0

Antero-posterior diameters of neural spine, 15.0-18.0

Measurements. (Xo. 1470.)

Length of centmm, 26.0'

Least transverse diameter of centrum, 11.0

Transverse diameter of anterior articulation of centrum, 21.0

Vertical diameter of anterior articulation of centrum, 13.0

Transverse diameters of posterior articulation of centrum,. 15.5-21.0

Vertical diameters of posterior articulation of centrum, 12.5-16.0

Transverse diameter of vertebra, .across pre-zygapophyses, 15.0

Transverse diameter of vertebra, across parapophyses, 28.0

Transverse diameter of vertebra, across jwst-zygapophyses, 18.0

Diameters of pre-zygapophyses, 8.5-11.0

Diameters of post-zygapophyses, 8.0-10.0

Length of floor of neural canal, 26.0

Length of roof of neural canal, 25.0

Diameters of articulation for head of rib, 6.5- 8.0

Antero-posterior diameter of neural spine, at base, 17.0

Measurements. (No. 1477.)

Length of centrum, 25.0'

Transverse diameters of anterior articulation of centrum, 17.0-24.0

Vertical diameters of anteriur articulation of centrum, 10.0-15.0

Transverse diameters of posterior articulation of centrum, 10.5-25.0

Vertical diameters of jjosterior articulation of centrum, 13.0-17.5

Transverse diameter of vertebra, across pre-zygapoj)hysc8, 18.0

mm
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Transverse diameter of vertebra, across parapophyses, 27.5"""

Leiij^th of floor of neural canal, 25.6

Transverse diameter of neural canal, at posterior opening, 8.6

Vertical diameter of neural eaual, at jiosterior opening, - 6.6

Diameters of articulation for head of rib, 7.0- 8.0

Height of neural spine above floor of neural eanal, 38.0

Antero-posterior diameters of neural spine, - 14.0-20.0

The Twenty-second Vertebra. (Plate \, figaire G.)

The twenty-second vertebra is slig'litly shorter than the twenty-first

The centrum is stouter, and the articiihir faces are hirger. Tlie hypa-

l)ophysis is short, and rudimentary. Parapophyses can hardly be said to

exist, as the aiticular siu-face for the head of the rib is only elevated at its

maro-in above the general surtace of the vertebra. The diapophyses are

short, and at the end tubercular, as in the next vertebra. They are directed

somewhat downward and forward, with indications of a groove and pit in

front, as on most of the preceding dorsals. The neiu-al spine is higher

than in the preceding vertebr?e.

The following tables contain the dimensions of foiu- examples of the

twenty-second vertebra of Hespcrornis regalis :

Measurements of Ticentt/second Vertebra. (No. 1200.)

Length of centrum, 24.0'

Least transverse diameter of centrum, 11.0

Transverse diameters of anterior articulation of centrum,. 17.0-24.0

Vertical di.ameters of anterior articulation of centrum, 10.0-15.0

Transverse diameters of posterior articulation of centrum,. 15.5-2t.O

Vertical diameters of posterior articulation of centrum, 11.0-18.0

Diameter of vertebra, across pre-zygapophyses, 22.0

Diameter of vertebra, across p.irapophyses, 27.0

Diameter of vertebra, across post-zygapophyses, _ 22.0

Diameters of j)re-zygapophy8es, 9.0- 9.0

Diameters of post-zygapophyses, 9.0-10.0

Length of floor of neural canal, 25.5

Length of roof of neural canal, 21.0

Transverse diameter of neur.al can.il, at anterior opening, 8.0

Vertical diameter of neural canal, at anterior opening, 6.0

Transverse diameter of neural canal, at posterior opening, . 8.0

Vertical diameter of neural canal, at ]>osterior opening, 6.5

Diameters of articulation for head of rib, 7.0- 7.5

itnoQ
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Measurements of Twenty-second Vertebra. (No. 120'/.)

Length of centrum, 24.5

Transverse dL-jmeters of anterior articulation of centrum, - 18.0-27.5

Vertical diameters of anterior articulation of centrum, - 1 0.0-1 4.5

Transverse diameters of posterior articulation of centrum, 15.0-28.0

Vertical diameters of posterior articulation of centrum, 12.0-18.0

Transverse diameter of vertebra, across pre-zygapophyses, 21.0

Transverse diameter of vertebra, across diapophyses, 50.0

Transverse diameter of vertebra, across post-zygapophyses, 21.0

Diameters of pre-zygapophyses, 10.0- 9.0

Diameters of post-zygapophyses, 10.0- 9.0

Length of floor of neural canal, 26.0

Length of roof of neural canal, 22.0

Transverse diameter of neural canal, at anterior opening, 9.0

Vertical diameter of neural canal, at anterior opening, 7.0

Transverse diameter of neural canal, at posterior opening, 8.0

Vertical diameter of neural canal, at posterior opening, 7.5

Diameters of articulation for head of rib, 8.0- 7.0

Length of bypapojjhysis, 4.0

Height of neural spine above floor of neural canal, - _. 38.0

Antero-posterior diameters of neural spine, 14.0-18.0

Measurements. (No. 1476.)

Length of centrum, 26.0°""

Least transverse diameter of centrum, ._ 11.4

Transverse diameters of anterior articulation of centrum, 17.0-24.0

Vertical diameters of anterior articulation of centrum, 1 1.5-14.0

Transverse diameters of posterior articulation of centrum, 16.0-22.0

Verticil diameters of posterior articulation of centrum, 13.0-17.5

Transverse diameter of vertebra, across pre-zygapophyses, 17.0

Transverse diameter of vertebra, across parapophyses, 26.0

Transverse diameter of vertebra, across post-zygapophyses, 18.0

Diameters of j)re-zygapophyse8, 8.0-1 1.0

Diameters of post-zygapophyses, 9.5-10.0

Length of floor of neural canal, 26.0

Length of roof of neural canal, 21.5

Diameters of articulation for head of rib, 6.8- 7.3

Antero-posterior diameter of neural spine, at base, 17.0

Measurements, (No. 1477.)

Length of centrum, 26.0°""

Vertical diameter of anterior articulation of centrum, 10.5

Transverse diameters of j)osterior articulation of centrum, 17.5-26.5

Vertical diameters of posterior articulation of centrum, 13.0-10.0

Diameters of ])re-zyga])ophyses, 8.0- 9.2

Diameters of post-zygapojjhyses, 8.6- 0.0
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mmLenjjth of floor of noural canal, 20.0'

Leiigtii of roof of lU'ural canal, 22.0

Diamoters of articulation for head of rib, 6.6- 7.6

Length of liyiJapojihysis, 6.0

The Twenty-third Vertebra. (Plate V, figure 7.)

The twenty-third, or last free dorsal, vertebra differs little from the

twenty-second, except in the diapophyses. The centrum is stouter, and

somewhat flattened below, with no hypapophysis. The articular faces are

larger than in the twenty-second vertebra. The diapophyses are short,

tubercular, and directed strongly forward. Tlie capitular surface is not

quite as high on the side of the vertebra, hardly reaching above the middle

of the neural canal. The neural spine is slightly higher, but of less antero-

posterior extent than in the twenty-second vertebra. It is flattened and

roughened, before anil behind, for ligamentary attachment. The roughness

extends much above the middle of the spine anteriorl}-, but not so far above

posteriorly, where it is smTiiounted by a projecting angle in the outline.

In its natm'al position, this vertebra is almost entirely included between

the anterior projecting poi-tions of the ilia.

The following measurements are taken from three vertebrae of

Hesperornis regalis, all in excellent presers'ation, fi-om different skeletons,

foimd in the same geological horizon

:

Measurements of Thcenty-third Yertebra. (No. 1206.)

Length of centrum, 25.5

Transverse diameters of anterior articulation of centrum, 18.5-25.0

Vertical diameters of anterior articulation of centrum, 11.0-15.0

Transverse diameter of posterior articulation of centrum, 26.0

Vertical diameters of posterior articulation of centrum, 12.0-17.0

Transverse diameter of vertebra, across pre-zygapophyses, 18.0

Diameters of pre-zygapophyses, 9.0-10.5

Diameters of post-zyg.apophyses, 10.0-12.0

Length of floor of neural canal, 26.0

Transverse diameter of neural canal, at anterior opening, 6.5

Vertical diameter of neural canal, at anterior opening, 6.5

Diameters of articulation for head of rib, 6.0- 6.0

Height of neur.al spine .ibove floor of neur.al canal, 35.0

Antero-posterior diameters of neural spine, 15.0-17.0

Least transverse diameter of ceutrum, 14.0

mm
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Measurements of Twenty-third Vertebra. (No. 1207.)

Length of centrum, 24.0""°

Transverse diameters of anterior articulation of centrum, 18.0-25.0

Vertical diameters of anterior articulation of centrum, 11.0-17.0

Transverse diameters of posterior articulation of centrum, 17.0-26.0

A'ertical diameter of posterior articulation of centrum, 16.0

Transverse diameter of vertebra, across pre-zygapophyses, 21.0

Transverse diameter of vertebra, across diapophyscs, _ 40.0

Transverse diameter of vertebra, across post-zygapopliyses, 21.0

Diameters of pre-zygapophyses, 9.0-10.5

Diameters of post-zygapo})hyses, 11.0- 8.0

Length of floor of neural canal, 24.0

Length of roof of neural canal, 20.0

Transverse diameter of neural canal, at anterior opening, 9.5

Vertical diameter of neural canal, at anterior opening, 7.5

Transverse diameter of neural canal, at posterior opening, 10.0

Vertical diameter of neural canal, at posterior opening, , 8.0

Diameters of articulation for head of rib, 7.0- 6.0

Height of neural spine above floor of neural canal, 40.0

Antero-posterior diameters of neural spine, 13.0-18.0

Measurements. (No. 1477.)

Length of centrum, - - 25.0°"°

Transverse diameter of anterior articulation of centrum, 19.5

Vertical diameters of anterior articulation of centrum, 11.0-1 7.5

Transverse diameters of posterior articulation of centrum, 18.0-2G.0

Vertical diameters of posterior articulation of centrum, 13.5-18.5

Transverse diameter of vertebra, across parapophyses, 32.0

Diameters of pre-zygapophyses, 8.0-10.0

Length of floor of neural canal,. -- — -- 25.0

Diameters of articulation for head of rib, 6.6- 7.2

Least transverse diameter of centrum, 15.8



CHAPTER lY.

THE SHOULDER GIRDLE AND RIBS OF HESPERORXIS.

(Plates VI-IX and XX.)

The scapular arch of Hcsperornis presents several very interesting

featiu-es, and shows a wide divergence from the normal type in existing

aquatic birds. Viewed as a whole, it has but little fimctional importance,

and indicates a degradation of structiu'e before luiknown in tliis group

of bu-ds. It tlu:0Avs much light, however, on the past and present fomis of

flightless birds, both the denizens of land and of water. Its contrast with

the powerful pelvic arch is especially noteworthy.

In its more important characters, the shoulder girdle of this genus

shows an approach to that of the Batita, or bu-ds allied to the Ostrich.

Some of these characters hint at reptilian affinities, while others are merely

adaptive, and connected directly with the lack of wings. The most marked

points of resemblance to Stiiithious birds, in this part of the skeleton, are

the following:

1. The stemmn is devoid of a keel.

2. Tlie long axes of the adjacent parts of the scapula and coracoid

are parallel, or identical.

These two most stinking featiu-es are especially characteristic of the

Ratitce, according to Huxley, in the memoir already cited.'

'Proceedings Zoological Society, 1867, p. 418.
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The cut given below will make plain these i^oints in the scapular arcL

Fig. 14.

FiouBE 14.—Scapular arch of Hesperomis regalis, Marsh; side view, one-half natural size. s. scapula;

A. humerus; /. clavicle, orfurculum; c. coracoid; st. sternum.

The Scapula.

(Plate VI, figui-e 7, and Plate VII, figures 5-7.)

The scapula in Hesperomis is a small, slender bone, somewhat curved,

and of nearly equal width throughout its entire length. It is thickened at

its proximal end, and ti-ansversely ti-uncated, the outline of the extremity

being subti-ihedi-al. This extremity shows two ailicular facets, a small

inner one for union with the coracoid, and a larger ttiangular one, fonning

the scapular portion of the glenoidal fossa. There is no acromial process.

The shaft is nearly of imiform width, and its outer surface is convex,

both fore and aft and transversely. The inner surface is concave longitu-

dinally. Tlie distal half gradually expands, and the end is thin, and

spatulate. In its natural position in the skeleton, the scapula was nearly

horizontal, with its posterior extremity somewhat depressed, and inciu^'ed.

The dimensions of the scapula in Hesperomis regalis ai-e as follows :

Measurements of ScapiUa. (No. 1476.)

Length of BCfti)ula, 135.0"""'

GrcatcMt fliamctor of proximal end, 12.0

Traiisvorsc tliamt'ter of ])r()xinial end, 0.0

Vertical dianu'ttT of glenoid articulation, 8.0

Least vertical diameter of shaft, 7.0

Width of distal end (approximate), 10.0
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The Coracoid.

(Plate VI, figures 4-6, and Plate VII, figure 4.)

The coracoid of Hesperornis is quite small, and somewhat resembles

the same bone in certain of the Batita. It is short, thin, and widely

expanded at the lower end, the whole bone being somewhat triangular in

outline, when viewed from the front. The superior extremity has an

articular head, with a facet on the inner side for the scapula, and a

Itu-ger one, looking backward, do^^-nward, and outward, for the head of the

hiuuerus. A small compressed process extends above the articulation on

the inner side. There is a long decm-\-ed process extending fonvard, in-

ward, and doMTiward, to support the upper end of the cla^icle (Plate VIII,

figure 8). Below the clav-icular process, the bone is verj'' thin, and

emarginate. There is a sub-clavicular foramen through the shaft of the

bone, a short distance below the articular head. Tlie posterior margin

sends out a wide, tliin process, the exti-emity of wliich forms an obtuse

angle somewhat above the middle of the bone.

Tlie lower end of the coracoid has, along its whole border, an

articiilar face for union with the sternum. Tliis extremity is nearly

straight, at right angles to the axis of the bone ; but the anterior third is

excavated, so that the outline here is concave. Tliis portion of the lower

border is much thinner than the posterior two-thii'ds.

The following measurements give the size of the coracoid in two

indixnduals of Hesperornis regalis :

^feasiirements of Coracoid. (No. 1206.)

Length, from scapular to sternal articulation, 54.0'

Greatest diameter of scapular and humeral articulation, 13.0

Least diameter of scapular and humeral articulation, 6.0

Greatest diameter of sternal end, 49.0

Transverse diameter of sternal end, 2.5

Measurements. (No. 1207.)

Length, from scapular to sternal articulation, 55.0'

Gre.atest diameter of scapular and humeral articulation, 12.0

Least diameter of scapular and hunu'ral articulation, 3.4

Transverse diameter of sternal end, 3.0

iinn

,mm
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The Sternum. (Plates VI-VIII.)

The BteiTmm in Ilesperornis somewhat resembles in general form the

corresponding bone in the genus Una, but in other respects is more like

that in the liatitce. It is thin and weak, and entirely without a keel. It is

exjianded in front, especially between the costal processes, and has two

deep grooves for the reception of the coracoids. These grooves are

placed obliquely, converging antei-iorly, and are widely sepai-ated from

each other. The stemimi has a rounded mesial projection in front, which

is somewhat thickened, but there is no tiaie manubnum.

A comparison of the keelless steniimi of Hcsperorms, represented in

Plate VIII, figure 6, with that of one of the JRafiftp, for example, the

Emeu, as shown below, will make clear the resemblance in this paii; of

the sti-uctm-e between these tA\o types.

Fig. 15.

FlonBE 15.—Sternum of Emeu (Drorrueus Korce BbllanduB, Latham) ; front view; one-half natural size.

a. costal process ; 2i. surface for articulation of sternal ribs ; c groove for left coracoid.

The sides of the sternum in Hcsperornis are concave in outline, and

in Ucspcrorms regalis, there are fom* articular projections on each side for

the attacliment of stomal ribs. These processes are all on the anteiior half

of the stenium. Ik'hind these, the lateral margins are nearly ]iarallel.

The posterior end of the sternum is quite thin, and had two shallow

emarginations. In Ilrspcroniis crassijws (Plate VII), the sternum repre-

sented is nearly perfect, and in this species there are five articular faces on

each side, for the sternal ribs. The posterior margin in the .same species

is less excavated tlian in Jlespcroni'is rcyuHs.
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The measiu-ements which follow «ire taken from the sternum of

ffespcroniis rcf/alis (number 120(J), and that of llesperornis crassipes

(number 1474).

JUeamrements of Sternum {llesperornis regalis. No. 1206.)

Total length (approximate), 200.0""

E.xtent of articulations for ribs, 47.0

Diameter of first articulation for a rib, 13.0

Diameter of second articulation for a rib, 13.0

Diameter of third articulation for a rib, - 13.0

Diameter of fourth articulation for a rib, 9.0

Measurements {llesperornis crassipes. No. 1474.)

Length of sternum, lOe.O""

Greatest transverse diameter of sternum, 160.0

Transverse diameter of sternum behind articulation for ribs, 86.0

Least tnansverse diameter of sternum behind articulation for ribs, 77.0

Extent of articulations for ribs, - 52.0

Diameter of first articulation for a rib, - - 13.0

Diameter of second articulation for a rib, - 12.0

Diameter of third articulation for a rib, 12.0

Di.imeter of fourth articulation for a rib, -- - 12.0

Diameter of fifth articulation for a rib, - 9-0

Extent of lateral margin beyond last articulation, 92.0

The Clavicles. (Plates VII-VIII.)

The clavicles of Ecsperornis are separate, and are unlike those in any

/ recent adult birds, although they strongly resemble the coiTesponding

bones in some embryonic forms. The upper extremity is slender, and

was united by ligament with the cla-vicular process of the coracoid. The

shaft of the bone is much curved, and gradually expands below to the end,

which is depressed, and ti-ansversely truncated. The extremity has an

articular face for union with its fellow on the median line, and the two were

evidently united by cartilage, and attached to the manubrial part of • the

sternum. The position of the clavicles in the skeleton is shown in the cut

on page 58 (figiu-e 14), and also in Plate VIII, figure 8, cl.

Tlie measurements of two clavicles in Hesperornis regalis, (numbers

1206 and 1207), and one also of Hesperornis crassipes, (nimiber 1474), are

as follows

:
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Measurements of Clavicle. (No. 1206.)

Distance in direct line between the ends, 78.0'

Transverse diameter of upper extremity, 2.0

Greatest diameter of lower extremity, — 15.0

Least diameter of lower extremity, - - - - 5.0

Measurements. (No. 1207.)

Greatest diameter of lower extremity, 15.0'

Least diameter of lower extremity, - - - - 5.5

Measurements. {Hesperornis crassipes, No. 1474.)

Distance in direct line between the ends (approximate), 80.0°""

Transverse diameter of npper extremity, 3.0

Greatest diameter of lower extremity, 12.0

Least diameter of lower extremity, • 5.0

The Humerus. (Plate VIII, figures 1-4.)

The "wings of Hesperornis were represented by the humerus alone, and

this Avas nidimentary. The remaining bones of the anterior exti'emity had

entirely disappeared, or, if minute remnants of them remained as ossicles,

they were loosely attached to the extremity of the humerus by cartilage,

and thus have left no ti-ace of theii* union. In one specimen (nmnber

1206,) the humerus is presented entii-e, with most of the scapular arch, and

is shown in its natm-al position, in figm-e 14, at the beginning of the

present chapter, as well as in Plate XX.

The himierus of Hesperornk is long and very slender, and somewhat

ciu-ved downward, especially in the distal half The head is compressed,

and has a convex ovate articulation for insei-tion into the shallow glenoidal

cavity. The shaft is somewhat twisted, and of neai-ly equal ANidth

throughout its entire length. When the humeitis is in position, the

longer ti'ansverse axis of the middle of the shaft is horizontal, or at right

angles to the same axis of the head. The shaft is nearly solid, having

only a very small medullary cavity. There is no distinct radial or ulnar

crest, and no trace of iirticular facets on tlio distal extremity.

Tlie principal mcasiu-emeuts of the above himierus of Hesperornis

rcgalis are as follows

:
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MeamremenU of Humerus. (No. 1206.)

Length of humerus, - 162.0""

Greatest diameter of shaft, ^-^

Transverse diameter of shaft, 2.2

Greatest di.imeter of jiroximal end, 11 -5

Greatest di.imeter of proximal articulation, 10.5

Transverse diameter of pro.ximal articulation, 5.0

Greatest diameter of distal end, 6.0

The Vertebral Ribs. (Plates IX and XX.)

The ribs of Hesperorms present no marked features to distinguish

them fi-om those of modem birds. Tliey are composed of dense bone, but

some of them contain in-egular ca\-ities. Tlie ai-ticulated vertebral ribs of

Hesperornis regalis are nine in niunber, on each side. The first three of

these were attached to the last three cenncal vertebras, and had their distal

ends free. The remaining six are all well developed ribs, which were

connected by means of the sternal ribs with the sternum.

The First Rib (Plate IX, figiire 1) which' is free in Hesperornis

regaUs was attached to the fifteenth vertebra, and is quite short. The head

(capitulum) and tubercle (tuhercuhon) are both well developed, and the

branches which support them stand nearly at right angles to each other,

the neck of the rib being about twice the length of the tubercular support.

The descending part of the rib below the tubercle tapers rapidly, and

ends in a shai-p point, scarcely below the body of the vertebra.

The Second Rib in this species (Plate IX, figiu-e 2) was supported by

the sixteenth vertebra, and is xery much larger than the first Tlie

branches sustaining the head and ttibercle meet at an angle less than a

right angle, and both articular facets are well developed. Tlie shaft of this

rib is stout, somewhat ciu-ved, and, when in its natm-al position, it

descended nearly perijendicidtu-ly, ending in an obtuse free extremitJ^

The Third Rib (Plate- IX, figure 3) is the last free rib, and was sup-

ported by tlie seventeenth, and last cei-vical, vertebra. It is longer than

the preceding one, and, when in position, its shaft stood nearly vertical.
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The head and tubercle are very similar to those in the preceding rib, but

the tubercular jirocess is shorter and stouter, and more inclined toward the

body of the vertebra. The shaft is slender, and tapers gradually below to

the extreuiit}', which is obtuse, and somewhat incm-ved. This rib had a

small luicinate process (Plate IX, figm-e 10), articulated to the posterior

mtu-gin of its lower third. This process was placed nearly at right angles

to the rib, and overlapped the outer surface of the rib which followed.

The Fourth Rib (Plate IX, figm-e 4), which was attached to the

eighteenth, or first dorsal, vertebra, is much larger than the preceding,

although its upper portion is very similar. The tubercidar focet is less

convex, and its supporting process shorter than in the rib last described.

The shaft of this rib is more twisted, and flattened. The distal exti-emity

is expanded, and temiinates with an articular facet for imion with the fii'st

sternal rib. The imcinate process (Plate IX, figure 11) is larger and

longer than the preceding one. It was directed upward, and backward,

and joined the rib from above at an acute angle.

The Fifth Rib (Plate IX, figm-e 5) is slightly longer than the foiu-th,

and very similar to it. Uufortimately, the ai-ticidar parts of the upper end

of this rib are wanting in the most complete series (number 1206), but its

general chai-acter is made evident 6-om its position, and connection. The

tubercle had a similar position to that of the preceding one, but was

shorter, and nearly sessile. The imcinate process on this rib was large

(Plate IX, figure 12), and, in position, extended upward and backward

over the two following ribs. The distal extremity of this rib is very

simihu' to that of the preceding one.

The Sixth Rib (Plate IX, figure 6) is considerably larger than the

fifth, iuid its shaft is flatter, more twisted, and considerably more cm-ved.

The tubercidar facet is sessile, and raised but very little aliove the neck.

The uncinate ])rocess is large, and spatulate (Plate IX, figure 13), and was

directed upward and backward. It is somewhat constricted a short distance

above its artii-ular face. The distal end of this rib is expanded, and widest

at the extremity, which is abruptly truncated.
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The Seventh Rin (Plate IX, fi<,niro 7) lias a prominent head, placed

on a slender neek, and tlio tubercular facet is merely a flat ai-tictdar tract

on the upper surface of tlio bone. This rib is considerably longer than

the preceding-, and its upper half is more curved. The lower half is

nearly straight, and is flattened transversely. It supporte<l a large

uncinate process, whicli liad a rather slender neck, and an expanded distal

half, bent upward at a slight angle with the general axis of the bone

(Plate IX, figiu-e 14). The distal extremity of this rib is wider than the

shaft, and horizontally ti'uncated.

The Eighth Rib (Plate IX, figui-e 8) is very similar to the last, but

is somewhat longer. The neck is very slender, and the tubercular facet

has almost entirely disappeared. At the end of the upper fourth of this

rib, there is an abrupt inward curve, and from this point to the lower

extremity, the shaft is nearly straight, in the specimen presented, and in

its proportions is very much like that last described. This rib bears a

very small imcinate process (Plate IX, figure 15), which is considerably

curved upward, and is the last of the series.

The Ninth Rib (Plate IX, figure 9) is of about the same length as the

jjreceding, but much more slender. It has no true tubercular face, and

no uncinate process. Its shaft is nearly of ecpial width throughout its

whole extent, and the distal end is not expanded. Its lower exti-emity is

truncated at right angles to the shaft, and roughened for cartilag-inous

attachment with a slender sternal rib.

The Sternal Ribs. (Plates IX and XX.)

In Hesperornls regdls, there are fom- sternal ribs which articulated

du*ectlv with each costal border of the steiTium, and on this are foiu- well

developed processes for the union. Behind these true stenial ribs, were

two others, which, as in many recent birds, united together at their lower

attenuated exti-emities, and were thus attached to the preceding sternal

rib by cartilage. In Ilcspcrornis crassipes, there were five steiTial ribs on

each side ai-ticulating with the steniimi.
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The first sternal rib of Hesperornis regalis, uniting above by the inter-

vention of the foiu-th vertebral rib with the eighteenth, or first true dorsal

vertebra, is short and nearly straight (Plate IX, figiu-e 16). It is

obliquely tnmcated in front, and has an articular face for union with the

sternum. The posterior end is expanded, somewhat roimdod, and has on its

upper posterior angle an ai-ticular facet for the vertebral rib which joins it.

The second sternal rib (Plate IX, figure 17) is longer and stouter than

the fii'st, and somewhat more curved downward. Its articular faces are

similar, but the upper, or posterior, half of the shaft is much more

compressed.

Tlie third stemal rib is longer tlian the second, and somewhat less

curved (Plate IX, figure 18). Its distal end is more slender, and the

articular face oblique. The proximal, or posterior, portion is much flat-

tened transversely, and the lower margin of tliis end extends beyond the

articulation.

The fourth stemal rib, which united with the seventh vertebral rib, is

long and sk-uder, and considerably curved dowu\\ard (Plate IX, figm-e 19).

Its anterior ai-ticular face is oblique, and the adjoining portion of the shaft

slender. The posterior extremity is expanded, and projects downward,

and backward, below the articular face.

The next sternal rib, lla- iifth, did not unite directly with the sternum

in Hesperornis regalis, but ^\ irh tlic preceding riV) near its base, and hence

its anterior extremitv lias no true articidar face. It is long and slender,

curved downward tliroiighout its middle portion, and its posterior end is

lliin and expanded (Plate IX, figure 20). This rib united with the eighth

vertebral rib, and, in ITesperoriiis crassipcs, it miited also indej)endently

with the stenniin, b\ a well developi'd articular tuluTi-le.

Tlie sixth sternal rili, in llvsperornis rci/alis, articidated with the

ninth \( rteliral rili, and, in front, was attached lightly to the sternal rili

last described.
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In the small number of sternal ribs articulating with the sternum,

Hcsperoniis rosonibles the Struthious birds, rather than the Natatores. Tlie

persiistent articulation of the uncinate ])rocesses with the vertel)ral ribs is

usual in birds incapable of flight, and has been observed in a few othei-s.

Tlie following measurements show the principal dimensions of the

vertebral and stenial ribs, and uncinate j)rocesses in Ilcspcrornis regalis.

The length of the vertebral ribs is measured in a straight line, joining their

extremities.

Measurements of Vertebral Hibs. (So. 1206.)

1st, 2d. 3d. 4th. Gtlt Glh. 7th.

Length, in a straight line, 37. 83. .. 145. .. 172. 190.

Distance from center of head to

center of tubercle, 23. 19. 19. 20. .. 20. 21.

Elevation of tubercle, 10. 10. 8. 7. .. 4. 1.

Distance from tubercle to end of rib, 32. 83. .. 141. .. 159. 177.

Distance of uncinate process from

lower end of rib,. .. 31. 35. 40. 52. 75.

Measurements of Uncinate Processes. (No. 1206.)

let 2d. 3d. 4th. Sth. 6tb.

Length,. 25. 54. 52. 55.

Diameter of articular end, 7. 12. 10. 11.

Least breadth, 5. 11. 9. 8.

Greatest breadth, 12. 15. 14. 15.

Measurements of Sternal Ribs. (Xo. 1200.)

1st. 2d. 3d. 4th. 6th.

Length, - 110. .. .. .."

Diameter of proximal articulation, 9. 11. 9.

Least antero-jiosterior diameter of shaft, 3. 5. 4.

Diameter of distal articulation, 6. 8. 8.

Diameter of distal end, 12. .. 15.

Sth. 9th.

209. mm

21. 23.

0.

194.

50. 30_mm

11. 8.

6. 5.

13. 8.

8. 4.

3. 3.

8. 7.

8. 17.





CHAPTER y,

THE PELVIC ARCH OF HESPERORNIS.

(Plates X-XI and XX.)

The pelvic arch of Hesperornis exliibits many features of interest, and

characters more distinctly reptilian than that of any recent bird. In its

general form, the pelvis of Hesperornis regalis resembles that of Podlceps.

It is very long and nari'ow, as in that genus, and in other diving birds.

The ace'tabuhim differs from that in all known birds, in being closed

internally by bone, except a foramen that perforates the inner wall, as in

the Crocochles. The iliiun, ischium, and pubis, moreover, have their

posterior exti'emities free and distinct. This reptilian character is seen,

likewise, in the Emeu, as well as in Tinamus, which in other respects also

shows affinities with the Ostriches.

The Ilium. (Plates X and XI.)

The iliiun is exti'emely long and narrow. Its superior outline is

gently arcuate, and this border joins the dorsal margin of the other ilium

on the median line, thus forming a roof-shaped covering over neai-ly all

the sacrum. The pre-acetabular portion of the ilium is only al>out one-

fom*th of its entire extent. From the acetabulum forward, the ilia diverge,

showing at first, between their upper margins, the neural spines of the

vertebrje below, and then, in front, the zygapophyses of the fii'st of the

sacral series. The anterior extremity of the ilium is thin, and rounded in

outline, the ventral mai'gin extending nearly to the bottom of the first

sacral vertebra.

69
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The post-acetabular jiart of the ilium is very elongate, and its lower

border somewhat cmned downward. The free extremity, behind the last

coossified vertebra, is thin, and tm-ned slightly upward, and outward. On

the lower portion of the outer smface, there is a strong ridge, which arises

behind tlie upper ])art of the anti-trochanter, and sweeps gently down-

ward until it reaches the lower margin of the ilium ; whence it rises

gradually, and continues backward to nearly opposite the last sacral

vertebra. This ridge is shown in Plate X, figm-e 1, and its prominence in

tliis specimen (number 1206), may have been somewhat increased by

pressm-e, before removal from the matrix.

The acetabulum has a well-defined border, which is nearly circular.

Above this, there is a large anti-trochanter, or articular siu-face to which

was applied the neck of the fennu-. The internal face of the acetabulimi

was not closed merely by fibrous tissue, as in modem birds, but by bone,

which is 2)enetrated by a foramen of moderate size, (Plate XI, figure 1, af).

The acetabular region of the iliimi is sti'ongly coossified with the sacnmi,

while neai'er its extremities the imion is less perfect.

The Ischium. (Plates X and XI.)

Tlie ischium fonns \YAYi of the acetabulum, and anti-ti'ochanter, and

then, conti-acting rapidly, is continued backward as a long slender bone,

which is entirely free at its distal end. Viewed from the side, the iipper

margin cui-ves downward, nearly parallel with the convex ventral margin

of tlic ilium, while the lower border is very gently arcuate, with the

convexity below.

The distal extremity is obtusely pointed, and is somewhat timied

upward and outward, terminating nearly opposite the i)()sterior end of the

ilium. The anterior half of the free portion is rod-like, and the distal

half exjiands gradually, nearly to the extremity. The outer convex sm-face

of the rod-like j)ortion is continut'd over the distal half as an obtuse

ronudt'd ridge, which extends to the extremity. There are no processes

(III this bone extending upward toward tlic ilium, ov downward to the pubis.
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Tlio lollowiii}^ ii<>uies represent the pelvic bones of two recent l)inls,

the Emeu and Grebe, wliich, in this i)art of the skeleton, also, repeat some

of the characters seen in Ifesperornin.

FiQ 16.

FiocKB 16.—Pelvis of Emeu (Dronuerta Nora EoVandm, Latham); side view; one-filtb nattiral size.

Fia. 17.

Figure n.—Pelvis of Grebe (Podicepa oceufcnfa/i», Lawrence) ; side view; natural size.

Fio. IS.

FlouRB 18.—The same pelvis {Podicepa ocddentalis, Lavrrencc); seen from al>fivc.

Tlio signflciition of the letters is tlio ."anio in all tlio above fipures, viz: a. acetabulum; /. ilio-adatic

forumou ; iL ilium ; ia. iachium
; jj. pubi:i

;
j/. ix>st-pubis ; a. aocrum.
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TiiK Pubis. (Plates X and XL)

The bone xisixally called "pubis" in modem birds, which the writer

has sho^\n to 1)0 i)nibably the post-pubis, forms, in Ilesperonm, the lower

posterior portion of the acetabulimi, and then extends backward as a

long-, slender, rod-like bone, nearly parallel with the ischium. It is some-

what longer than the ischium, and its distal exti-emity is truncated at rig-ht

angles with the shaft. This bone is of nearly equal width throughout its

entire length, and sends off no processes or projections toward the ischium,

or from its own lower margin.

Viewed from the inner side, the bone above described is seen to pass

beneath the acetabular foramen in a strong ridge, and temiinate in front

of the acetabulum, in an obtusely rounded tuberosity. Tliis process may

be seen in some recent birds, more particularly in those that especially use

their posterior limbs. It has been called the ilio-pectineal process of the

ilium, and is considered an outgrowth of that bone. The A\-riter has shown,

however, by a comparison of the pehdc elements in Dinosaiu-iau reptiles

and in birds, that this prominence shoxild be regarded rather as probably

representing the pubic bone of reptiles. ^

The relation of the principal pelvic elements to each other in the

pelvis of recent birds is illustrated in the figiu'es given on page 71. In the

pelves rei^resented on page 73, the remnant of the reptilian pubis is still

plainly to be seen, especially in Geococcyx. It is not improbable that the

retention of this process may be due in part to the habits of certain species,

as it seems to l)e best developed in nmning birds, and those that especially

use tin- ])(isteri(>r limbs. A similar process is seen in some mimimals,

where it may serve a like i)in-2)ose.

Tlie outer surface of the pehds in Hcsperornis, especially of the ilium,

is marked h\ delicate vascular impressions, but the bones themselves are

dense, and nearly solid.

' Anu'i-icaii .Toiirnal of Science' :iiiil Arts. Vol. xvi, p. 415, Nov., 1878; ami vol.

xvii, \t. 02, Jan., 1H71».
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Tho tliree pelvic bones of Tfr.yiernniis are finnly <(M')S.si(ie<l, as in

existinir birds, but tlie ilium is aiikylosed to tho sacrum in the acetabular

region alone. Tho true pubic element, or " ilio-pectineal " process, is not

larger than in nuiTiy recent birds, and is much inferior in size to the

corresponding protuberance in tho pelvis of Gcococcyx, and of Tinamus,

shown below.

In these two genera, moreover, another point of resemblance to

Hesperornis appears in tho acetabulum, tho inner margin of which is

materially naiTOwed by ossification, although a large i)ei-foration remains.

In Hcspcrorms, the acetabular foramen is much smaller than in any

known bird, and during life was doubtless closed by the round ligament.

This reduction of the acetabidar opening by ossification strengthens the

pelvis at this point, and thus is of service where powerful action of the

posterior limbs is required.

Fig. 19.

f P

FiouRB 19.—Pelvis of Geococcyx CaUfomianus, Baird; seen from tho loft; natural size.

FlO. 20.

FlOL'RK 20.—Pelvis of Tinamus rolimtiui, Sclator aud S;ilviii ; seen from the left ; natural size.

a. acctabiiluin ; U, ilium ; ia. iscliium
; p. pubis

;
p'. postpubis.

10
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The Sacrum. (Plates X and XT.)

The sacrum in Hesperornis regaUs is very long ani.! naiTOw, and the

vertebrai which compose it are nsixally well coossifiod. The number of

vertebra? in the true sacrum cannot be accurately deteraiined, but in the

ankylosed series, illustrated in plates X and XI, there are fom-teen. This

series may be conveniently described as the saciiim, although some of the

anterior vertebrse are evidently sacro-dorsals, and some of the posterior

should be regarded as lu'osacrals or caudals.

The fii-st vertebra of the series is the twenty-fourth in inuuber, count-

ing from tlie skull. It is the largest of the sacral series, and is entirely

enclosed between the ilia. Its transverse processes bear no articulated rib,

but are expanded at the distal end, and abut directl}' against the ilimn.

The line of union of this vertebra with the succeeding one is sti-ongly

marked, and in one specimen of this species (number 1477), the vertebra

is free, and hence it is represented in the figm-es below, and its measm-e-

ments are given separately. The junction between the twenty-fifth and

twenty-sixth vertebrae can be traced on the lower smface, but behind this

the lines of miion are obliterated, except two or tlu-ee near the posterior

end of the series.

The figm-es below represent the twenty-fom-th vertebra taken fi-oni

the seines in which it is distinct.

Fig. 21. Pio. 22.

FiauRB 21.—Twonty-fourth vertebra of nesperomis regalis, Marah; (No. im) from view ; nuturol size.

KlOLRB 22.—Tlio Slime vertobrn
;

posterior view. Tlie ncurnl spine in this Bpocimen is not preserved.

d. dinpopliysis ; ne. noiirnl cuniil; ;. pro-zygnpopliysis.
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Tho neural spines of the sacral vertebra>, and of the others co^ssified

with them, are compressed transversely. Witli tho exception of those of

the two last, or urosacral, vertebric, these spines do not extend above tho

upper margins of tho ilia. These vertebraj ai-e the longest of the series,

siu-j)assing in extent even tho anterior ones.

Some of the principal dimensions of the pelvic ai'ch of Ilesperornis

rcgalis iu"e given in the measurements which follow

:

Measurements of Pelvic Arch. (No. 1206.)

Length of ilium,... - - 380.0-

Depth of pelvis, across acetabulum, - '^-^

Greatest depth of ilium, hehind acetabulum, 52.0

Distance from anterior end of ilium to center of acetabulum, 104.0

Transverse diameter of acetabulum, — -- 24.0

Total extent of coossified sacral vertebrne,— 320.0

Length of the first sacral, or twenty-fourth, vertebra, 21.0

Transverse diameter of anterior articulation, 25.0

Vertical diameter of anterior articulation,— l^-O

Length of ischium from posterior border of acetabulum, 260.0

Length of pubis and post-pubis, 330.0

Extent of pubis in front of anterior border of acetabulum, 15.0

Extent of post-pubis behind posterior border of acetabulum, 291.0

Vertical diameter of post-pubis, at base, 12.0

Greatest diameter of foramen in acetabulum, 12.0

Least diameter of foramen in acetabulum,. "'-^

Height of anti-trochantcr above acetabulum, 25.0

Antero-posterior extent of anti-trochanter,.. 22.0

Greatest distance between upper margins of anti-trochanters, 54.0

Measurements of Tioenty-fourth Vertebra. (No. 1477.)

Length of centrum, -
22.0°"°

Least transverse diameter of centrum, 12.0

Transverse diameter of anterior articulation of centrum, 31.0

Vertical diameters of anterior articulation of centrum, 11.0-17.0

Transverse diameters of posterior articulation of centrum, 20.5-24.0

Vertical diameter of posterior articulation of centrum, 12.0

Transverse diameter of vertebra, across pre-zygapophyses, 20.0

Transverse diameter of vertebra, across diapophyses, 62.0

Diameters of pre-7.ygapoj>hyse8, - '
.5-10.5

Length of floor of neural canal, - 20.5





CHAPTER VI.

THE CAUDAL VERTEBRAE OF HESPERORXIS.

(Plates XII and XX.)

The tail of Hesperornis regal'is presents some peculiarities of structure

not before seen in bu*ds. It was composed, apparently, of twelve vertebras,

and all of these are presei-ved, with the exception of that portion of the

last which fonned the exti-enie end of th6 tail. The number of caudal

vertebras in Hcsperorms regalis exceeds those in any known recent bird,

with the possible exception of the Great Auk {Aka impauiis, Linn.), now
nearly or quite extinct. The number falls far short, however, of that in

the tail of Arcliceoptenjx, which also differs essentially in its general

sti-uctvu-e fi-om the caudal exti-emity of Hesperornis.

The anterior free caudals of Hesperornis are short, with high neural

spines, and moderate transverse processes. They are opisthoca-lian, as in

the con-esponding vertebrte of Pavo and Geococcyx. The middle and

posterior caudals have very long, and horizontally expanded, transverse

processes, which resti-icted lateral motion, and clearly indicate that the tail

was mainly moved vertically, evidently as an aid in diving. Tlie last three

or four caudal vertebra? are fiiiuly coossified, fonning a flat, horizontal,

tei-minal mass, analogous to, but quite unlike, the plough-share bone of

modem birds.

The caudal vertebrae of Hesperornis are composed of compact osseous

tissue, without pnemnatic openings. None of them possess zygapophyses.

11
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The First Caudal Yektebra. (Plate XII, figure 1.)

The first free caudal vertebra, which is the thirty-eighth in number,

counting from the skull, is much shorter than the preceding one in the

coiissified sacral series, but considerably longer than those which follow.

In its natm'al position, it was entirely included between the posterior

extremities of the ilia.

Tlie anterior articulai* face of the centiiuu is vertically elliptical in

outline, and somewhat convex. Immediately behind this, the centi'um is

consti-icted, and then expands regularly to the jjosterior articular face,

which is much larger than the one in front, and moderately concave. It is

sub-circular in outline, but its transverse diameter exceeds its vei-tical, and

the upper and lower margins are slightly notched on the median line.

The transverse processes extend downward, and slightly outward, and

their external sm-faces, which are nearly in the same plane as the sides of

the neural arch, were attached to the divei'gent iliac bones by caitilage.

The neural spine was elevated, and much expanded in a fore and

aft direction. The neiu-al canal, at its anterior orifice, is much com-

pressed ti-ansversely ; its posterior outlet is tiiangular, and very lai'ge,

indicating a marked expansion of the spinal cord in this region of the

vertebral colunm. Tliis featm*e was doubtless directly coimected witli the

j^owerful movements of the tail.

The i)rincipal dimensions of the first free caudal, or thirty-eighth

vertebra, in Hcsperornis regalis, are given below

:

Measurements of First Caudal Vertebra. (No. 1206.)

Length of centrum, 19.0"""

Least transverse diameter of centrum, 6.0

Transverse dianu't IT of anterior articulation, 6.5

Vertical diameter of anterior articulation, 8.0

Transverse diameter of posterior articulation, 11.0

Vertical diameter of posterior articulation, 8.0

OiaMicler of vcrtehra, across transverse processes, 20.0

Extent of transverse proces-ses below centrum, T.O

Length of floor of neural can.al, 1 7.0

Vertical diameter of anterior o])ening of neural canal, 4.5

Vertical diameter of posterior opening of neural canal, 7.0
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The Second Caudal Verteuka. ^Plate XII, figure 2.)

Tlie second free csiudal vertebra is nmch shorter tlian the preceding,

and its centnim is nuuli more massive. The anterior articuhir face is

somewhat convex, and has a depressed sub-circular outHne, with tlie lower

half of the margin excavated. Tlie posterior articular face is nearly flat,

but somewhat concave near the centre.

The transverse j)rocesses are directed outward and slightly downward,

terminating a little below the ventral surface of the centnmi. They are

longer than those of the preceding vertebra, but have less antero-posterior

extent.

The neural spine is stout and elevated, and has its superior extremity

expanded into a round knob. The nem-al canal is large, and vertically

oval in outline, and its lower margin cuts into the iii)per border of the

anterior articvUai- face. The posterior margin of the neural arch, when

seen from the side, is parallel with that of the posterior articular f\ice of

the centrum, and slightly in advance of it.

Measurements of Second Caudal Vertebra. (So. 1206.)

Length of centrum, -
15.0"""

Transverse diameter of anterior artieulation, - - I'l-O

Vertical diameter of anterior articulation, - 10.0

Transverse diameter of posterior articulation, 13-0

Vertical diameter of posterior articulation, - - 1 10

Diameter of vertebra, across transverse processes, — 29.0

Length of transverse processes from centrum, 8.0

Length of floor of neural canal, - - 12.0

Vert ical diameter of anterior opening of neural canal, 5.0

Vertical diameter of posterior opening of neural canal, 7.0

Height of neural spine above centrum, - 21.0

The Third Caudal Vertebra. (Plate XII, figure 3.)

Tlie third caudal vertebra of Ilesperoruh rcgalis, or the fortieth in the

column, is the shortest of the series, Avith the exception of those at the end

of the tail. It is also the fii'st caudal which is entirely behind the ends of

the ilia, and its shortness is probably due to the fact that here the flexiu-e

of the tiiil es.sentiaUy began.
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Tlie anterior ai-ticular face of the centi-um is convex, broadly ovate

in outline, and slightly notched above, below the nein-al canal. The

])()stc'rior ai*ticular face is similar in fomi, and sli<ihtlv concave.

The ti-ansverse jjrocesses are stouter than in the last vertebra, and their

distal ends are thickened, and abruptly ti-uncated. The axes of these

processes, if continued to the axis of the neural spine, would meet in the

nem-al canal, and form equal angles with it and with each other. The

neural spine is elevated and massive, and its j^osterior margin is nearly

vertical. Its apex is bent forward and expanded, and is cordifonn in

superior outline. The nem*al arch covers the whole of the centrum, and

the canal is large, and vertically ovate in outline.

Measurements of Tliird Caudal Vertebra. (Xo. 1200.)

Length of centrum, 12.0"""

Least cliaineter, below transverse processes, 9.0

Transverse diameter of anterior articulation, 13.0

Vertical diameters of anterior articulation, 10.0-1 1.0

Transverse diameter of posterior articulation, 12.5

Vertical diameters of posterior articulation, 10.0-11.0

Diameter of vertebra, across transverse processes, 32.0

Length of floor of neural canal, 10.0

Length of roof of neural canal, 8.5

Vertical diameter of anterior opening of neural canal, 5.0

A'ertical diameter of posterior opening of neural canal, 5.0

Transverse diameter of posterior opening of neural canal, 4.0

Height of neural S])ine, above floor of neural canal, 22.0

Transverse diameter of shaft of neural sj)ine, 3.0

Transverse diameter of head of neural spine, 6.0

Antero-posterior diameter of diapophysis, at base, 6.5

The Fourth Caudal Vertebra. (Plate XII, figm-e 4.)

Tlie fourth caudal vfrtcbm is similar in many respects to the one last

tlesciilicil, but the centnnn is materially longer. The anterior articular

face is considerably smaller than in the third vertebra. It is somewhat

concave, and so deeply notched above tor the neural canal as to be sub-

cordate in outline. The posterior face is similiu" to that of the last

vertel)ra, b\it the transverse processes are stouter, and extend nu>re directly

l>ackward. The neural arch, when seen from the front, is very similar to

tiiat in the preceding vertebra, but its spine is shoi'ter, and its curdiform

apex is broader, and more turiud lorwanl.
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Measurements of Fourth Caudal Vertebra. (No. 1200.)

Length of centrum, 12.0'""

Least dianu'tcr, below transverse processes, 7.6

Transverse diameter of anterior articulation, 11.5

Vertical diameters of anterior articulation, 0.2-11.0

Transverse diameter of posterior articulation, 10.2

Vertical diameters of posterior articulation, 9.5-10.0

Diameter of vertebra, across transverse processes, 32.0

Length of floor of neural canal, 10.5

Length of roof of neural canal, 8.2

Transverse diameter of anterior opening of neural canal, 4.0

Vertical diameter of anterior ojH'ning of neural canal,.. 5.0

Transverse diameter of posterior 0])ening of neural canal, 4.0

Vertical diameter of posterior opening of neural canal, 4.5

Height of neural spine above floor of neural canal, 19.0

Least antero-posterior diameter of tran.sverse processes, 0.5

Transverse diameter of shaft of neural spine, 3.0

Transverse diameter of head of neural spine, 7.0

The Fifth Caudal Vertebra. (Plate XII, figiu-e 5.)

Tlie fifth cattdal vertebra of Hesperornis regalis is somewhat longer

than the fourth, but its centiiun is naiTower, and its articular faces

perceptibly smaller. The general form of the anterior articulation is

sub-quadrate in outline, with the comers rounded. It is notched above for

the neiu-al canal, and has its lower border also indented on the median line.

Both articular facets are somewhat concave.

Tlie transverse processes are much longer than in the last vertebra,

and their distal ends are expanded horizontally. The axes of the descend-

ing portion of these processes bear the same relation to the axis of the

neural sjnne, as in the third vertebra, the tliree meeting in the neural canal,

and including equal angles with each other. The lower siu-face of the

transverse process extends somewhat below the ventral face of the centrum,

and then turns abruptly upward and outward, nearly to the extremity,

which is slightly deflected. Seen from above, the ends of these transverse

processes appear rovmded, and their posterior margins project behind the

articulation of the centrum. The ventral surface of the body of this

vertebra is concave in a fore and aft direction, and convex transvereely.

Ji
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A small free liypapophysis was articulated wHlth the posterior lower

margin of this vertebra, and also with the adjoining margin of the succeed-

ing centi-um. This bone resembles somewhat the coiTesponding part in the

Loon, and is clearly homologous with the chevron bones in rejitiles. The

nem-al arch of the fifth caudal extends over nearly the whole centrum.

The posterior margin of the spine cm-ves backward above the nem-al canal,

and the summit of the spine is directed fonvard. Tlie nem-al canal is

materially smaller than in the fom-th vertebra, but is similar in outline.

Measurements of Fifth Caudal Vertebra. (No. 1200.)

Length of centrum, 13.0

Transverse diameter of anterior articulation, -. 11.0

Vertical diameters of anterior articulation, 9.0-10.2

Transverse diameter of posterior articulation, 11.

Vertical diameters of posterior articulation, 9.0- 9.5

Length of floor of neural canal, 12.0

Length of roof of neural canal, 9.5

Transverse diameter of neural canal, at anterior opening, 3.2

Vertical diameter of neural canal, at anterior opening, 4.0

Transverse diameter of neural canal, at posterior opening, 4.0

Vertical diameter of neural canal, at posterior opening, 4.0

Diameter of vertebra, across transverse processes, 39.0

Antero-posterior diameter of transverse process, at base, 7.0

The Sixth Caudal Vertebra. (Plate XII, figure 6.)

This vertebra differs considerably from the fifth. Its centi-imi is longer,

and much more slender. The ti-ansverse processes ai-e mitch longer, and

so expanded at their distal ends as to greatly resti-ict lateral motion ; which

wjis still further prevented by the same means in the succeeding vertebra3.

The under surfaces of the transverse processes have a marked prominence

at the ])()int where the outward Iji-nd occurs. These prominences extend

below the ventral suiface of the centi-mii. A free hypapoj)hysis, very

similar to the one alread}' described, articulated with the posterior margin

of this vertebra also. The neural arch is mainly ui)on the anterior half of

the centrum. The neural canal is .small, and triangular in outline, and the

neural spine is of moderate height
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Measurements of Sixth Caudal Vertebra. (No. 1200.)

Length of centrum, IS.S""'

Transverse diameter of anterior articulation, 11.0

Transverse diameter of j)()Sterior articulation, 10.0

Length of floor of neural canal, 13.5

Length of roof of neural can.il, 10.0

Transverse diameter of neural canal, at anterior opening, 2.5

Vertical diameter of neural canal, at anterior opening, 2.5

Transverse diameter of neural canal, at posterior opening, 2.0

Vertical diameter of neural canal, at posterior opening, 3.8

Antero-posterior diameter of transverse process, at base, 8.0

The Seventh Caudal Vertebra. (Plate XII, figure 7.)

In the seventh caudal vertebra, the centrum becomes still more slen-

der, and the ti'ansverse processes reach their greatest lateral expansion.

The articular faces of the centrum are concave, and broadly oval in out-

line. The ti-ansverso processes pass off from the posterior half of the

centiTim, and extend directly outward, and somewhat backward. They

are broadly expanded horizontally, and their extremities are abruptly

tnincated. The hj-papophysis, which articulates with the posterior lower

margin of this vertebra, has become coossified with the centrum of the suc-

ceeding vertebra. The neural arch is placed well fonvard. The neural

canal is much reduced, and the neural spine was weak, and short.

Measurements of Seventh Caudal Vertebra. (No. 1200.)

Length of centrum, 13.0""»

Transverse diameter of anterior articulation, 10.2

Verticil diameter of anterior articulation, 8.0

Transverse diameter of posterior articulation, 8.0

Vertical diameter of posterior articulation, 7.0

Length of floor of neural canal, 14.0

Transverse diameter of neural canal, at anterior opening, 3.0

Vertical diameter of neural canal, at anterior opening, 3.0

Diameter of vertebra, across transverse processes, 69.0

Antero-posterior diameter of transverse process, at base, 8.0

The Eighth Caudal Vertebra. (Plate XII, figiu-e 8.)

Tlie eighth caudal %ertebra of Hcspcrornis regaUs has the centiiim

constricted medially, and shorter than that of the seventh. Its coossified

hj-papophysis was pointed in front, and projected beneath the posterior
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margin of the preceding vertebra. The transverse processes are elongate,

and gradually exjmnd after leaving the vertebra. Their posterior margins

are at right angles to the axis of the centi'um, and slightly in advance of

its posterior articular face. The lower margin of this face was covered by

the hypapophysis coossiiied with the ceuti-mn of the following vertebra,

and, when in position, the anterior part of tliis process nearly reached the

hypajjophysis in fi'ont. The nem-al arch covers the greater part of the

centnmi, and the nem-al spine is short, and compressed.

Measurements of Eighth Caudal Vertebra. (No. 1200.)

Length of centrum, 15.2"""

Transverse diameter of anterior articulation, 8.0

Vertical diameter of anterior articulation, 7.0

Vertical diameter of anterior articulation, with bypapophysis, 11.0

Transverse diameter of posterior articulation, 8.5

Vertical diameter of posterior articulation, -- 6.0

Length of floor of neural canal, 14.5

Transverse diameter of neural canal, at anterior opening, 2.0

Vertical diameter of neural canal, at anterior opening, 3.0

Diameter of vertebra, across transverse processes, - 57.0

Antero-posterior diameter of transverse process, at base, 8.0

Transverse diameter of bypapophysis, 8.5

Vertical diameter of bypapophysis, 4.0

The Ninth Caudal Veetebea. (Plate XII, figm-e 9.)

The ninth caudal vertebra has a low depressed centnim, and enonnons

transverse jirocesses. The articular faces are nearly plane. The anterior is

crescent-shaped, with the angles romided, and the convexity, which is

above, is notched for the neural canal. The venti-al sm-face has a large

bypapophysis, coossified with its anterior half, and projecting beneath the

preceding vertebra. The transverse indcisses pass off from the centnnn

nearly at right angles witli the axis (figure 23, page 86), and they are

much exjianded horizontally. Their distal ends are ti-uncated somewhat

obliquely, and \\\v outer j)ostori(>r angles are on a line with the posterior

articular face of the centnnn. The nem'al spine is low, and of considerable

;uitci"o-])osterior extent
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Measurements of Ninth Caudal Vertebra. (No. 1200.)

Length of centrum, 16.0'"'"

Transverse diameter of anterior articulation, 10.0

Vertical diameter of anterior articulation, 4.0

Transverse diameter of posterior articulation, 9.5

Length of floor of neural canal, 16.5

Transverse diameter of neural can.al, at anterior opening, 2.6

Diameter of vertebra, across transverse processes, 56.0

Antero-posterior diameter of transverse process, at base, 10.5

Anterior extent of hypapophysis in front of centrum, -. 8.0

Transverse diameter of hypapophysis, 6.5

Vertical diameter of hypapophysis, 2.0

TuE Tenth, Eleventh, and Twelfth Caudal VERTEURiE.

(Plate XII, figure 10.)

The remaining caudal vertebra? of Hcsperornis regaUs are coossified

into a broad, hoiizontal, tenninal bone, homologous with the pygostyle, or

plough-share bone, in existing birds. In this terminal mass, the tenth

vertebra, retains the general fonn of the ninth, but its transverse processes

are less elongate, and less expanded. Its centiimi is depressed, and there

is a small Iiypapophysis coossified with its anterior ventral surface. The

neural arch remains distinct, and there is a short neiu-al spine. Tlie

expanded transverse processes extend outward at right angles to the axis of

the centrum, and project but slightly below its under surface. Their

extremities are obhquely tnmcated by the removal of the outer posterior

angle.

The eleventh vertebra is much smaller than the tenth, and firmly

coossified with it. Its transverse processes are slender, and are directed

forward as well as outward. Its hypapophysis is coossified with the

centnmi, and in pai-t with the posterior surface of the preceding vertebra.

Tlie neural spine is very low, but distinct

Tlte twelfth vertebra, which apparently forms the tcnnination of the

tail, is finuly ankvlosed with the eleventh, but the greater portion of its

centnmi has been l)roken off in the present specimen, and is lost Its

general form is indicated in the restox'ation of Hcsperornis in Plate XX,
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Measurements of Terminal Caudal Vertebrce. (Xo. 1200.)

Transverse (liamct or of anterior articulation of tenth caudal vertebra,

^'ertieal diameter of anterior articulation,

Height of neural spine above floor of neural canal,

Diameter of vertebra, across transverse processes,

Antero-posterior extent of neural spine,

Antero-posterior diameter of transverse process, at base,

Antero-posterior extent on median line of the parts preserved of tenth and
following vertebra,

Diameter of the part preserved of eleventh vertebra, across transverse

processes,

10.0°"°

3.5

4.2

48.0

13.0

8.0

25.0

27.0

The last six or seven vertebra; in tlie tail of Hesperornis regalis were

so interlocked by the expanded transverse processes, as shown in figure 23,

below, that very little lateral motion was possible. The ln*])apophyses,

also, of the last two free candals, would resti'ict vertical flexui'e materiallv,

so that the end of the tail would move mainly as a whole. This would

give great power, siniilai- to that in the Beaver's tail, or in the flexible

blade of an oai-.

Fig. 23.

FlOITRB 23.—Caudal vertebra) of Ilesperomia regalis, Marsh ; seen from above, in position ; two-thirds natural

size. a. anterior convex face of first oaud.il ; h. transverse process of fifth caudal ; c. transverse process

uf eleventh cuudul, or middle vertebra of the pygostylu.



CHAPTER VII.

THE LEGS AND FEET OF UESPERORXIS.

(Plates XIII-XX.)

The posterior liuibs of Hesperornis regalis preseut an admirable

example of adaptive structiu-e. The means of locomotion were confined

entirely to these extremities, and the life of Hesperornis was probably more

completely aquatic than that of any known bird. It may fairly be ques-

tioned whether it could even be said to walk on land, although some

movement on shore was of course a necessity. Considering the posterior

limb as a whole, it will be found a nearly perfect piece, of machinery for

propulsion through the water. Provision was made for a very powerful

backward sti-oke, followed by a quick recovery, with little loss by

resistance, a movement quite analogous to the strong sti-oke of an oar,

feathered on its retmii.

Among recent birds, we have, in the genus Todiceps, the nearest

approach to the legs and feet of Hesperornis, and the osseous stiiicture of

these parts is essentially the same throughout in the two genera. The

muscular system, also, of this member must have been verj' similar in

both. In many respects, however, the bones of the posterior limbs of

Hesperornis present evidences of a more primitive structure than is seen in

any recent diN'ing bii'ds.

87
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The Femur. (Plate XIII.)

The femur of Hesperornls regalis is remarkably short and stout, more

so than in any kno^\Ti bii'd, recent or fossil. In its general featiu*es, it

resembles the femm* of Podiccps, but the shaft is much stouter, and is flat-

tened in an antero-posterior direction. The head is large, and well romided,

and is supported by a short and powerfid neck. There is a deep jjit on

the inner superior surface of the head, for the inseition of the romid

ligament. The g'reat ti'ochanter is very large, and extends outward a

considerable distance beyond the shaft. Its upper sm-face is below that of

the head, and there is a concave depression seen between the two, when

the fenuu- is -snewed from the front. Tlie whole upper end of the femur,

outside of the head, is covered by an ai*ticular surface, wliich plays against

the anti-frochanter of the ilium.

The shaft of the fennu* is somewhat cxu-ved, with the convexity

forward, and is marked on the posterior, inner, and outer sm-faces by

strong prominences for the attacluuent of muscles. The shaft contains no

pneumatic foramina, but there is a large medullary ca^nty, in the bone, as

shown in the two sections represented below

:

Fio. 24. Fig. 25.

m^.
FiouRE 24.—Transverse section through shaft of femur of ITesperornvs regalis; (No. 1472), top view;

natural size.

FIOUBE 2j.—Transverse section of same bone (No. 1489X just above distal articulatiou. ni. medullary cavity.

The distal end of the femur is much expanded transversely, and, of

the two anterior condyles, the outer is much the larger. The groove

between these condyles is shallow, and on a lino witli the axis of the shaft.

On the posterior distal surface, there is a strong obtuse ridge wliich plavs

between the upper ends of the tibia and fibula. The ridge passes upward

and outward, and ends ueaj'ly opposite the outer margin of the shaft
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Tlio femur is one of the most characteristic bones in Ilcsperorms

rcgalh, and to show its variation in the species, measurements are <^iven

below from five diflerent individuals, the first, nmuber 120U, being the type:

Measurements of Ihmur. (No. 1200.)
Left. Right

Length of femur, 99.0""" 99.0"""

Antero-posterior diametor of Iw.ul of femur, 18.5 18.5

Greatest proximal diameter of sliaft, 53.0 52.0
Greatest distal diameter of shaft, 53.O 54.0
Least transverse diameter of shaft, 22.5 22.0
Least antero-posterior diameter of shaft, I8.0 19.2

Greatest diameter of distal articulation, 53.0 53.0
Greatest diameter of tibi.al articulation, 40.0 40.0
Transverse diameter of fibular articulation, _ 14.0 14.5
Greatest diameter of inner condyle, 21.0 21.0
Least diameter of inner .condyle, 14.0 14.5

Length across the curve of ridge between tibia and fibula, 27.0 25.0

Measurements. (No. 1206.)

Length of left femur, 96.0""°

Diameter of head of femur, 18.0
Transverse diameter of proximal end, 51.0
Transverse diameter of shaft near middle, 22.0
Transverse diameter of distal end, 49.O
Greatest diameter of distal articulation, 49.O
Greatest diameter of tibial articulation, 37.O
Transverse diameter of fibular articulation, 14.0
Greatest diameter of inner condyle, 21.0
Least diameter of inner condyle, ._ 13.0
Length of ridge between tibia and fibula, 25.0

Measurements. (No. 120V.)

Left. Right.

Length of femur, 98.5"'"' 101. 0"""

Antero-posterior diameter of head of femur, 19.0 I8.5
Transverse diameter of proximal end, 52.0 52.0
Least transverse diameter, near middle, 22.0 22.0
Transverse diameter of distal end, 52.o 53.0
Antero-posterior diameter, near middle, is.O 1 8.0
Greatest diameter of dist.al articulation, 53.O 53.0
Greatest diameter of tibial articulation, 40.0 40.0
Transverse diameter of fibular articulation, 15.0 le.O
Greatest diameter of inner condyle, 21.0 21.0
Leaat diameter of inner condyle, 13.0 13

12
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Measurements of Femur. (No. 1476.)

Length of right femur, 105.0°""

Diameter of head of femur, 19.2

Transverse diameter of proximal end, 54.0

Transverse diameter of shaft near middle, 21.0

Transverse diameter of distal end, 53.0

Vertical di.ameter, near the middle, 19.0

Greatest diameter of distal articulation, 53.0

Greatest diameter of tibial articulation, _ _ 38.0

TransA'erse diameter of fibular articulation, 15.5

Greatest diameter of inner condyle, 20.0

Least diameter of inner condyle, 13.0

Length of ridge between tibia and fibula, 25.0

Measurements. (No. 14T7.)

Length of right femur, 97.0°"°

Antero-posterior diameter of head of femur, 19.0

Greatest proximal diameter of shaft, - '. 53.0

Greatest distal diameter of shaft, 51.0

Least transverse diameter of shaft, .- 23.0

Antero-posterior diameter of shaft, near middle, _ 20.0

Greatest diameter of distal articulation, 52.0

Greatest diameter of tibial articulation, 38.0

Transverse diameter of fibular articulation, 15.0

Greatest diameter of inner condyle, 20.0

Least diameter of inner condyle, 12.5

Measurements. (Sesperomis crassipes, "No. 1474.)

Maximum diameter of distal end of right femur, 51.0"°™

Transverse diameter of shaft, 21.0

Vertical diameter of shaft, - -.. 21.0

Greatest diameter of shaft, at middle, 25.2

The Tibia. (Plates XIV and XX.)

The tibia of Ilcsperornis regalis is very long and powerful, and ranch

the largest Lone in the skeleton. In its general features, it most resembles

the til)ia in the genus I'odh'eps. It is somewhat expanded at its proximal

end, where it aitieulates with the fenuu-, and the artii-ular faces are placed

ol)li(iuely, and inclined outwiu'ds. The inner articular fiice is much the

larger, and is slightly concave. Tlie outer face is somewhat convex, and is

only ])artlv se])arate<l tiom the other by a consti'iction of the articular

siu^face. The outer articidation j)rojects considerably beyond the external
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marg'in of tho Kliaft, and is supported below by a stronj^ roundt'd ridge,

•\vliicli, lower down, passes into the tnie fil)ular ridge. There is a strong

ejjicneniial crest on tho anterior surface of the proximal end, which, above

tho articulation, rises into a jjowerful tuberosity, or cneniial process. To

the outer posterior siu-face of this spine, the patella was attached (Plate XX).

The shaft of tho tibia is nearly straight, with its transverse, slightly

greater than its fore and aft, diameter. Seen from in front, the outer margin

appears slightly concave, and tho inner margin convex. The fibular ridge

is strongly develo^jed, and can be traced along the proximal tlu-ee-foiu-ths

of the bone. Just below the middle, it disappears for a short distance,

being cut off by an oblique groove for the artery, which here passed

between the tibia and fibula. In the type specimen, number 1200, tho

surface of the shaft is marked by delicate vascular impressions, which are

imperfectly indicated in Plate XIV, figure 1. In the specimen itself, these

impressions are as perfect as in life, and well illustrate the marvelous

degree of presei'vation cluu-acteristic of the vertebrate fossils from this

geological horizon.

Tlie surface of the tibia shows no pneumatic foramina, but there is a

rather large medidlary ca\aty in the shaft. The size of this cavity is

sho^^ni in the accompanying cuts, which represent transverse sections of

the tibia near the middle, and near the distal end.

Fio. 26. Fio. 27.

FlotTKB 2f>.—Transverse sectioii through middle part of tibia of Hesperornia regalis ; (No. 1201), top view;

natural size.

FiouBE 27.—Transverse section through same bone; (No. 1491), near distal end; same view; natural size.

m. medullary cavity
; /. fibular ridge.

The distill end of tho tibia resembles that of the same bone in Podiceps,

but the inner condyle is here much the larger, and the two are only moder-

ately expanded. The inner condyle extends somewhat below the outer

one, but its fore and aft diimieter is much less. The trausvei'so diiuueter of
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the two condyles, when seen fi-om the fi-ont, is snb-equal, and the groove

between them does not coirespond with the axis of tlie bone, but is some-

wliat iuflinod inward. Tliere is no osseous bridge in front, over the canal

througli wliicli jmsses the tendon of the tibialis anticus muscle. Tlie

absence of this osseous biidge is noteworthy also in Podiceps, as it is

apjjarently present in all other known aquatic bu-ds. The groove between

the jjosterior jDrojections of the two condyles is broad, and flat, but narrows

rapidly above.

In the tables beloAv will be foimd detailed measm-ements of the tibia

of Hesperornis regalis, in the type, and in one other specimen

:

Measurements of Tibia, (So. 1200.)
Left Eight

Length of tibia, 320.0'"°' 320.0""°

Elevation of cnemial process, 22.0 22.0

Greatest diameter of pro.ximal articular surface, __ -- 35.0 38.0

Transverse diameter of inner proximal articular surface, 18.0 20.0

Antero-posterior diameter of inner proximal articular surface, 26.0

Transverse diameter of outer proximal articular surface,- -. 18.0 19.0

Antero-posterior diameter of outer proximal articular surface, 14.0 15.0

Transverse diameter of shaft below fibular ridge, 23.0

Antero-posterior diameter of shaft below fibular ridge, 16.0

Transverse diameter of distal articular surface, 26.0 32.0

Antero-posterior diameter of external condyle, 32.0

Antero-posterior diameter of internal condyle, 10.0 19.0

Depth of groove between condyles, 9.0 8.0

Measurements. (No. 1476.)
liCft EiRlit

Length of tibia, 335.0"'"> 325.0"'™

Elevation of cncmial process, 21.0 23.0

Greatest diameter of jiroximal articulation 33.0 36.0

Transverse diameter of inner proximal articulation, IT.O 18.5

Antero-posterior diameter of inner proximal articulation, -- 23.0 22.0

Transverse diameter of outer ])roximal articulation, 15.5 15.5

Antero-posterior diameter of outer proximal articulation, 12.5

Transverse diameter of shaft below fibular ridge, 21.5 22.0

Antero-posterior dianu'ter of shaft below fibular ridge, 10.5 16.5

Transverse diameter of distal articulation, 20.0 32.5

Antero-posterior diameter of external condyle, 82.5 30.5

Aiitcro-jjosterior diameter of interiuil condyle, 20.0
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The Patella. (Plates XV and XX.)

Tlie patella in Ilesperornis regalls is a largo bone, and entirely distinct

from the tibia. In its general proportions, it resembles the patella in

Podkcps. It differs materially, however, in being perforated by a large

foramen for the tendon of the amhicns mnscle, agreeing in this respect

with the i)atella of the Gannet (Sula hassmia, Briss.). The patella is much

compressed transversely. Seen from the side, it is triangular in outline,

and the outer surface is concave. ^Tien in position, its longer axis was

neai-ly parallel with the axis of the tibia. Its lower extremity bears a large

twisted articular face for union with the femur, and the lower posterior half

of the inner side is roughened for attaclunent to the cnemial spine.

The position of the patella in the skeleton is shown in Plate XX.

When at rest, it extended in front of the anterior margin of the ilimn, and,

by its muscular attaclmients, added gi-eatly to the power of the posterior

limbs in swimming. The superior extremity is obtusely pointed, and the

outer mai'giu is ai'cuate.

The following measurements are taken from the patella of three

specimens of Uesperornis regalis, and one, nimiber 1474, of Ilcspcrornis

crassipes

:

Measurements of Patella. (No. 1207.)

Total length of patella, 98.0""°

Length of posterior side, 87.0

Greatest diameter of articulation, 37.0

Least diameter of articuLation -. 25.0

Distance from foramen to upper end of patella, 7L0
Vertical diameter of foramen, 6.0

Measurements. (No. 1476.)

Total length of patella, 100. 0"""

Length of posterior side, 84.0

Greatest diameter of articulation (approximate), 35.0

Le.ast diameter of articulation (approximate), 25.0

Distance from foramen to upper eud of patella, 75.0
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Measurements of Patella. (No. 1477.)

Total length of patella, 103.0"""

Length of })Osterior side, 90.0

Greatest diameter of articulation, — 41.0

Least diameter of articulation, 27.0

Distance from foramen to upper end of patella, 75.0

Measureme?its. {Hesperornis crassipes. No. 1474.)

Total length of patella, 109.0'

Length of posterior side, 98.0

Greatest diameter of articulation, 38.0

Least diameter of articulation (approximate), 25.0

Distance from foramen to upper end of patella, 82.0

The Fibula. (Plates XV and XX.)

The fibula of Hesperornis agrees essentially with that of Podiceps in

its general characters. It is about three-fourths of the length of the tibia,

and was united to the fibular ridge of that bone only by cartilage. The

proximal end is sub-quadi-ilateral in outline, and presents two aiticular

facets; a large outer one, which is slightly concave, for irnion with the

outer facet of the femiu*, and a smaller, oblique face on its inner mai-gin,

which meets the outer part of the femoral ridge, separating the fibula fi-om

the tibia. The distal half of the fibula is slender, and gradually tapei-s to

the pointed lower exti-emity. This bone appears to be solid thi-oughout,

with no cavities, except minute vascular foramina.

The measm-ements which follow give the main dimensions of the
t>'

iiliiila in Ilcsperorms regalis :

Measurements of Fibula. (No. 1200.)

Length of fibula, 240.0'

Antero-j)Osteri()r diameter of pro.\imal end, 22.0

Transverse diameters of proximal end, 13-15.0

Greatest diameter of shaft, 17.0

'Measurements. (No. 1476.)

Antero-posterior diameter of proximal end of fibula, — 23.0'

Transverse diameter of proximal end, I'-.O

(ireat est diameter of shaft, .- ICO

Antero-posterior diameter of shaft, at same point, 8.5

,mni

mm
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Measurements. (No. 1477.)

Antoro-postcrior diameter of proximal end of tibula, 21.0"""

Transverse diameter of proximal end, 13.0

Greatest diameter of shaft, l^-O

Transverse diameter of shaft, at same point,. '-O

The Tarso-Metatarsus. (Plates XVI and X\ai.)

Ill tho tarso-metatai-sal bone of Uesperornis regalis, we have the

exti-eme modification of a form characteristic of modem diving birds.

There were foiir digits in the foot, the fifth being entirely absent, as in all

kno^ai birds, recent and fossil. In the adult Uesperornis, the second, third,

and fourth metatarsals ai-e thoroughly coossified into a stout, transversely

compressed bone of moderate length, but in most specimens traces of the

sutm-es remain. The fomih metatarsal element so greatly exceeds the

other two in size, that it foims by far the greatest part of the entii-e tarso-

metatarsal bone.

The plane of motion for the whole limb, which above was coincident

with the axes of the femm- and tibia, was continued below through this

element of the tarso-metatarsal, and down tlu-ough the fourth, or outer,

digit, which it supported. In this stiiicture of Hcsperornis, so admirabl\-

adapted for swimming, we have an example of the same kind of specialized

modification wliich has prepared the foot of the Ostiich, among recent

birds, and the Horse among manuuals, for exti-eme speed on the Itmd.

The proximal end of the tarso-metatarsal is covered by two articular

faces for union with the condyles of the tibia. The outer one is about half

the size of the inner, and the two ai-e separated by a prominent obtuse

ridge. There is no hypotarsus, and tliere are no canals, or e\en grooves,

for tendons on the posterior face of the proximal end, as seen in the Divers,

and most other birds. This part of the bone is occupied by a rugose

triangular ti-act, covered in life by cartilage, over which the tendons

passed. Below this, there is a broad shallow depression, extending rather

more than half the way to the distal extremity.

The outer smface of the tarso-metatai-sus is slightly concave longi-

tudinally, and convex transversely. On the anterior face, there is a
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deep groove betn'cen the third and fourth metatarsal elements. This

groove begins above in the fossa, just beneath the superior articulation,

and it becomes deeper throughout its lower half, and ends in the foramen

between the third and fom-th metatarsals, just above the distal condyles, as

in the corresponding bone in PocUcejis, and many other recent bu-ds. Thei"e

is a shallow groove, also, between the second and third metatarsals, which

commences above, in the fossa already mentioned.

The fom-th metatarsal teiminates below in a prominent free articular

end, somewhat resembling, in general fonn, the distal end of the tibia.

This extremity is tnincated, nearly at right angles with the axis of the

bone, and it projects considerably below the adjoining aiticular end of the

third metatarsal. The inner condyle is much more prominent than the

outer, especially in front.

The third metatarsal element is scai'cely one-third the size of the

fourth, and is placed somewhat behind, and back of it. Tlie distal exti'emity

is hence oblique, and the inner condyle is smaller than the outer.

The second metatai'sal element is still smaller and shorter, but its

distal free extremity is but little inferior in size to the third. TMien the

tarso-metatarsal bone is seen from the fi-ont, the thfrd element is almost

entirely concealed.

The fii-st metatarsal is not coossified with the main shaft of the

tarso-metatarsal bone, but is a mere remnant, imited to the lower half of

the second by cartilage. Its place of iniion is indicated by an elongated

oval indentation, on the inner margin of the second metatai-sal, above its

articular exti'emity.

In Hesjierornis crassipes, the tarso-metatai-sal bone presents some inter-

esting points of difference from that of Ilesperornis regaUs. It is stouter

and more massive, and on the inner side of the upjier half there is a largo

tuberositv, somewhat similar to the ossified support of a nidimentary spur

(I'hite XVII). This tuberosity is of equal size on each of tlie two meta-

tarsals of the t\po spc'cinicu, number 1474. The sutures uniting the three

metatarsals are well mai'ked in this species. The large i-ugosity on the
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tarso-metatarsal bone is a striking character, jnul may possibly bo an

indication of sex.

The tarso-metatarsal of Hesperornis gracilis is similar in its general

character to the coiTosponding bone in Hesperornis regcdis, but is of more

slender proportions.

The measiu'ement of the tarso-metatarsal bones of the tlrree known

species of Hesperornis are given below from the type specimens.

JUeasurements of Tarso-metatarsiis. (Hettperomis reffolis, No. 1200.)

Loft. Right
Length to cnrl of outer articulation, l:i(j.O'""' l:»(5.0

Length to end of median articuhition, l:tl.O 131.0

Length to end of inner articulation, 116.0 116.0

Antero-posterior diameter of proximal end, 21.0 21.0

Transverse diameter of proximal end, 34.0 34.0

Antero-posterior diameter of inner metatarsal, at the middle, 16.5 16.5

Antero-posterior diameter of outer metatarsal, at the middle, 22.0 22.0

Transverse diameter of shaft, at the middle, 14.0 14.0

Transverse diameter of outer distal articulation, 15.0 15.0

Vertical diameters of outer distal articulation, 12-20.0 12-20.0

Transverse diameter of median distal articulation, 8.0 8.0

Vertical diameter of median distal articulation, 15.0 14.5

Transverse diameter of inner distal articulation, 9.0 9.0

Vertical diameters of inner distal articulation, 12.5-14.0 12.5-14.0

Measurements. (Xo. 120C.)

Left
Length to end of outer articulation, 132.0'

Length to end of meilian articulation, 128.0

Length to end of inner articulation, 117.0

Antero-posterior diameter of proximal end, 21.0

Transverse diameter of proximal end, 32.0

Antero-posterior diameter of inner metatarsal, at the middle, 18.0

Antero-posterior diameter of outer metatarsal, at the middle, 22.0

Transverse diameter of shaft, at the middle, 13.5

Transverse diameter of outer distal articul.ation, 15.0

Vertical diameters of outer distal articulation, 15-12-19.0

Transverse diameter of median distal articulation, 8.0

Vertical diameter of median distal articulation, 15.0

Transverse diameter of inner distal articulation,.. 9.0

Vertical diameters of inner distal articulation, 12.5-14.0

13

imru
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Measurements of Tarso-metatarsus. (No. 1207.)
Left. Right.

Length to end of outer articulation,. "" 136.0"""

Length to end of median articulation,. 132.0

Length to end of inner articulation, 118.0

Transverse diameter of proximal end, 33.0

Antero-posterior diameter of inner metatarsal, at the middle, 17.0

Antero-posterior diameter of outer metatarsal, at the middle, 21.0

Transverse diameter of shaft, at middle, 13.0

Transverse diameter of outer distal articulation, 14.0

Vertical diameters of outer distal articulation, _ 14-10-18 14-10-18.0

Transverse diameter of median distal articulation, 8.0

Vertical diameter of median distal articulation, 15.0

Transverse diameter of inner distal articulation, 8.5 8.5

Vertical diameters of inner distal articulation, 13-15.0 13.5-15.0

Measurements. (Xo. 1476.)
Left. Right.

Length to end of outer articulation, . 136.0'""> 130.0°""

Lcnffth to end of median articulation, __ .134.0 134.0

Length to end of inner articulation, .120.0 121.0

Antero-posterior diameter of proximal end, 21.0 21.0

Transverse diameter of ])ro.\imal end, 31.0 31.0

Antero-posterior diameter of inner metatarsal, at the middle, 15.5 15.5

Antero-posterior diameter of outer metatarsal, at the middle, 20.5 20.5

Transverse diameter of shaft, at middle,.. 12.5 12.5

Transverse diameter of outer distal articulation, 15.0 15.0

Vertical diameters of outer distal articulation, 18.0 13-10-18.0

Transverse diameter of median distal articulation, 8.5 8.5

Vertical diameter of median distal articulation, 16.0 16.0

Transverse diameter of inner distal articulation, 8.0

Vertical diameters of inner distal articulation, .12.5-15.0 13-15.0

Measurements of Tarso-metatarsus. [Hesperornis ci'assipes, No. 1474.)

Left Right

Length to end of outer articulation, 135.0"'°' 135.0"'°'

Length to end of median articulation, 129.0

Length to end of inner articulation, 110.0 116.0

Antero-j)Ostcrior diameter, at ]>roximal end, 21.0 21.0

Transverse diainctcr of )iroxinial eml, 31.0 32.0

Atitero-jjosterior diameter of iinier metatarsal, at the middle, 17.0 17.0

Antero-posterior diameter of outer metatarsal, 22.0 22.0

Transverse diametiT of shrift, at the middle, 10.0 19.0

Greatest diameter of shaft, at tuherculalion, 30.0 30.0

Transverse diameter of outer distal articulation, 15.0 15.0

Vertical diameter of outer ilistal articulation, 10.0 10.0

Transverse diameter of median distal articulation, 7.8
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Vertical iliamotcr of meiliiin distal articulation, *""' 14.4"'"'

Traiisvi'rse (lianu'tor of iniiiT distal articulation, 9.0 9.0

Vertical diameter of inner distal articulation, 11.5 11.5

Measurements of Tarso-metataraiis. (Ilesperornis ffracilis, "So. 1478.)

Left. Right.

Length to end of outer articulation, 138.0°"° °'°'

Length to end of median articulation, 133.6

Length to end of inner articulation, 117.0

Antero-posterior diameter of proximal end, 19.0

Transverse diameter of proximal end, 31.0

Antero-posterior diameter of inner metatarsal, at the middle, 16.0

Antero-posterior diameter of outer metatarsal, at the middle, 18.0

Transverse diameter of shaft, at the middle, 12.0 12.0

Transverse diameter of outer distal articulation, 14.0 14.0

Vertical diameters of outer distal articulation, 12-10-17.0 12-10-16.5

Transverse diameter of median distal articulation, 7.5 7.5

Vertical diameter of median distal articulation, __ 14.0 14.0

Transverse diameter of inner distal articulation, 7.0 7.0

Vertical diameters of inner distal articulation, ...10-12.0 10.5-13.0

Measurements of first, or Hallux, Metatarsal. {Hesperomis regalis, No. 1476.)

Length of first metatarsal element, _ . .
20.0'°°'

Greatest diameter of distal end, 8.0

Least diameter of distal end, 3.0

Greatest thickness of shaft, 3.0

The Feet of Hesperorxis. (Plate XX.)

Tlie feet of Hesperornis resembled more closely those of the genus

Podlceps than of any other knowTi birds. Tlie number of digits is the

same, the number of phalanges in each digit identical, but the proportions

of the latter are different, and quite peculiar. In Podiceps, and the other

Grebes, the outer toe is indeed the longest, but the middle one almost

equals it in length and size, wliile the second is but slightly smaller. In

Hesperornis, however, the fomih, or outer, toe is the dominant one, being

three or four times as powerful as the adjoining middle one, or indeed, as

the other three combined. Again, the phalanges in Podlceps are xqyx

elongate and slender, and the tenninal ones spatulato, while, in Hesperornis,

the phalanges are shoi-t and thick, with the tenninal ones more or less

pointed. The jjlialanges in Hesperornis are, in fact, shorter than in most
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swimming' birds, and in tlu-ir individual jiroportions remind one of the toe

1 tones of tlio Penguins.

The Outer, or Fourth, Digit. (Plates XVIII and XX.)

In describing- tlie plialauges of the feet, it will be convenient to begin

witli the outer, or main, digit. This was supported by the large distal

ai-ticulatiuu of the tai-so-metatarsal bone, and its general direction was

forward, and somewhat outward, nearly in the same plane with the axes of

this bone and the tibia.

Tlie first phalanx (Plate XVIII, figiu-e 1) is short and stout, and

somewhat compressed transversely, at its proximal exti'emity. This end

has two deeply concave articular facets for union with the condyles of the

fourth metatarsal. Of these facets, the inner is larger than the outer, and

the articular surface, as a whole, shows an approach to the peculiar joint

structure seen in the more distal ai-ticulations of the foot. The shaft of

this bone is rounded on its dorsal sm^face, somewhat flattened on the

external side, and deeply excavated on the outer inferior margin, a

cliaracter seen also in tlie succeeding- phalanges.

The distal end of this phalanx is sub-ti-iang-ular in outline, and

entirely covered by the articular sm-face. The latter consists of a semi-

circulai-, slightly convex, articular facet, which occupies the inner two-thirds

of the extremity, while the rest consists of a jjrominent roimded peg, or

tubercle, jjrojecting considerably beyond the remaining- sin-face. This

process fits into a corresponding- cavity in the proximal end of the succeed-

ing jdialanx. The more flattened surface, which pai'tially sun-ounds this

peg, meets a .similar surface on tlie inner sidi- of the same phalanx. This

peculiar articulation necessitates rotation (feathering) Avith flexion, and

greatly increa.ses the strength of the joints. This crescent-peg joint, more

or less modified, is characteristic of all the prini-ipal phalanges of

Hespcroruis, and sonicwhiit the same structure is seen in the genus Fodicvps.

'Y\\o second jdialanx (Plate XVI II, figure 2) of the fourth digit

roseinbh-s the first, but is smaller in all its proportions, and considerably
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more compressed transversely. The articulation of the proximal end is

similar to that of the jjreceding phalanx, hut the outer facet has encroached

considerahly on the inner, Avhich is thus materially naiTowed. The exca-

vation on the outer inferior mar<i-in of the shaft is decj), and continues to

the distal extremity. The tubercle on the distal end is prominent, and its

apex is obliquely tnxncated. The remahiing articular surface is less convex
than in the phalanx last described.

The third phalanx (Plate XVIII, finrnre 3) of the fourth dijrit is almost

precisely equal to the second in length, but is more slender in its remaining

proportions. It is much more compressed transversely than the second,

and the two articular faces of its proximal end are more nearly equal.

The tubercle on the distal end is much like that in the preceding- phalanx,

l)iit the remaining articular surface is smaller, and less convex. The
outer inferior excavation of the shaft materially diminishes the weight
of this bone.

The fourth phalanx (Plate XYIU, figure 4) of the outer digit is long
and slender, and much compressed, especially at its distal end. The outer

articular ftice of the proximal extremity is naiTOw, but much larger than

the inner. The latter is vertically oval in outline, and confined to the

superior half of the face. Seen from above, this bone gradually tapers

from its proximal to its distal end, but the outer view shows that the sides

of the shaft are nearly parallel. The outer inferior siuface is slightly

concave, and the distal extremity is tiamcated, nearly at right angles to the

axis of the shaft.

The articular face on the lower exti-emity has almo.st entirely lost the

crescent and peg stnicture, and resembles the distal articulation of the

phalanges in ordinary birds and reptiles. The compression of this bone,

and modification of its articulation, })ennit the i)artial rotation of the

digit, so that when at rest, the flattened extremity was neariv horizontal.

A similar structure is seen in the other digits. The same relative position

of the toes was maintained in flie backward stroke, but in the recoverv,

the foot was turned edgewise, and the digits followed each other in the

same vertical plane, the outer being in advance.
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The temiinal bone of the foiuth dig-it is wanting in all the specimens

of Hcspcrorn'is yet discovered, hut its general fonn may he conjectured

from the con-esponding joint of the second toe, which is in a state of good

preservation. From this sjiecimen, the outline of the tei'minal phalanx of

the outer digit has been indicated in the restoration of Hespcrornls rct/alis,

Plate XX.

Measui'ements of the phalanges preserved of the foiu-th digit in

Hcsperornis regalis, and Hesperornis crassipes will be foimd below

:

Measurements of First Phalanx of Fourth Digit. {Uesperornis regalis, Xo. 1200.)

Length of first phalanx, 44.0"""

Vertical diameter of proximal articulation, 19.0

Transverse diameter of proximal articulation, 16.0

Greatest diameter of shaft, 22.0

Least transverse diameter of shaft, 13.0

Least vertical diameter of shaft, 11.0

Transverse diameter of distal articulation, 15.5

Vertical diameter of distal articulation,. 15.5

Diameter of " peg " in distal articulation, _ T.5

Measurements. (Xo. 1206.)

Length of first phalanx, 42.5"""

Vertical diameter of proximal articulation, 18.0

Transverse diameter of proximal articulation, 16.0

Greatest diameter of shaft, 22.0

Greatest transverse diameter of shaft, 17.0

Least transverse diameter of shaft, 13.0

Least vertical diameter of shaft, 10.5

Transverse diameter of distal articulation, 15.0

Vertical diameter of distal articulation, 15.5

l>iameter of "jieg" in distal articulation, V.O

Measurements of First Phalanx. {Hesperornis crassipes. No. 1474.)

Length of first phalanx, .

.

42.0""'

Vertical diameter of proximal articulation, 18.0

Transverse diameter of jiroximal articul.ation, 10.0

(ireatest (lianietcr of shaft, 21.5

Least transverse diameter of shaft, 12.5

Least vertical diameter of shaft, 12.0

Transverse diameter of distal articulation, .• 15.0

^'<•rti<•al diameter of distal articulation,. 15.5

J3iaiueler of " peg " in distal articulation, 7.5
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Measurements. {ITesperornia gracilis, No. 1478.)

Length of first phal.inx, 41.0'

Vertical diameter of proximal articulation, 17.0

Transverse diameter of jtroximal articulation, 15.0

Greatest diameter of shaft, 20.0

Least transverse diameter of shaft, 12.5

Least vertical diameter of shaft, 10.0

Transverse diameter of distal articulation, 14.0

Vertical diameter of distal articulation, 15.0

Diameter of " peg " in distal articulation, 6.5

Measurements of Second Phalanx. {ITesperornis regalis, Xo. 1200.)

Length of second phalanx, .39.i

Greatest diameter at proximal end, 16.5

Least diameter at proximal end, 1.3.0

Transverse diameter of proximal articular face, 13.0

Vertical diameter of proximal articular face, 13.0

Least diameter of shaft, 12.0

Greatest diameter at distal end, 15.0

Maximum di.ameter of distal articular face, 14.0

Transverse diameter of " peg " in distal articular face, 4.6

r.mm

Measurements. (No. 1206.)

Length of second phalanx, 40.0"""

Greatest diameter of proximal end, 16.5

Least diameter of proximal end, 13.5

Transverse diameter of proximal articular face, 14.0

Vertical diameter of proximal articular face, -- — 15.0

Least diameter of shaft, - 8.0

Least fore and aft diameter of shaft, 12.0

Greatest diameter of distal end, 15.0

Greatest diameter of distal articular face, -. 14.0

Diameter of " peg " in distal articular face, 4.5

Measurements of Second Phalanx. {ITesperornis crassipes, Xo. 1474.)

Length of second phalanx, -. 38. 0"'"'

Greatest diameter at proximal end, 17.0

Least diameter at proximal end, 13.0

Transverse diameter of proximal articular face, 12.5

Vertical diameter of proximal articular face, 14.5

Least fore and aft diameter of shaft, 12.0

Least diameter of shaft, at distal end, 14.0
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Meamtrements of Third Phalanx. {Hesperortiis regalia, Xo. 1200.)

Length of third j)h:ihiiix, 40.0

Greate.st diameter of proximal end, _ 18.0

I-east diameter of j)roxiinal end,. 9.0

Greatest diameter of jiruxinial articular surface, 15.0

Least diameter of proximal articular surface, 8.0

Least fore and aft diameter of shaft, 11.0

Greatest diameter of distal end, -. 12.5

Least diameter of distal end, 5.5

(ireatcst diameter of distal articular surface, 10.0

Diameter of " peg " in distal articular surface, — 4.8

Measurements. (Xo. 1206.)

Length of third phalanx, 41.0°"°

Greatest diameter of j>roximal end, 17.0

Least diameter of proximal end, 10.0

Greatest diameter of proximal articular surface, 15.0

Least diameter of proximal articular surface, -- 10.0

Least fore and aft diameter of shaft, 11.0

Least diameter of shaft, 6.0

Least diameter of distal end, 6.5

Diameter of " peg " in distal articular surface, ._ 3.0

Measurements of Fourth Phalanx. [Hesperomis regalis, No. 1200.)

Greatest diameter of proximal end, 14.0"""

Least diameter of proximal end, 7.5

(Greatest diameter of proximal articulation, 12.0

Least diameter of proximal articulation, 6.5

The Third Digit. (Plates X^ail and XX.)

Tlio tliiid digit was very much smaller than the fourth, and was siip-

portccl liy the small middle metatarsal element. It consisted of but four

])halang-es, and, when at rest, was du*ected forward and slightly inward.

The first phalanx (Plate XVIII, figure 5) is shorter than the fii-st

in the outer toe, and much more slender, the whole hone being greatly

compressed transversely. The ])roximal extremity is triangular in outline,

and its articular face is divided by a sharp vertical ridge. The shaft

is somewhat sitrmoid lonoitudinallv, ami the articulation of the distal

end is divided into two sub-equal portions by a nearly vertical groove.
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Tliis articulation shows an aj)]iroacli to the crescent and poj^ structun-, l>ut

in its main features reseniltles the nsual ]>lialan;:-eal joint in hinls.

The second phahinx in tliis diyit (I'hito XVIII, fij^iu'e fi), ia much

shorter than the fii'st, somewhat less conijjressed, but in other respects,

very similar. The shaft is nearly straight, and hut very sli<fhtly excavated

on its outer inferior surface.

The third phalanx (Plate XVIII, fij^ure 7) is materially lonfrer than

the second, and nnich more slender. It shows the same tendency toward

horizontal flattening, seen in the penultimate phalanx of the outer

toe, the advantage of which has been explained above. Tlie proximal

articulation is subcircular in outline, and moderately concave. The distal

extremity is much compressed.

The fourth, or terminal, phalanx of this digit has not been recovered,

but the articulation which sujiported it, and the shajje of the ultimate

phalanx of the second toe, indicate its form and general proportions, whi<h

are represented in Plate XX.

The j)rincipal dimensions of the phalanges in the third digit of

Ilvsperornis regalis and IIesj)erornis crassipes are as follows

:

Measurements of First Phalanx of Third Digit. {Ilesperomis regalis. No. 1200.)

Length of first phalanx, 41.0"

Gri-atest vertical diauieters of i)roxuual en<l, 18.-19.0

Least vertical diameter of proximal end, 14.0

Tran.svcrse diameter of proximal end, 10.0

Greatest vertical diameter of proximal articulation, 14.0

Lea.st vertical diameter of proximal articulation, 12.0

Transverse diameter of proxiin.il articulation, 8.5

Lea.st vertical diameter of shaft, 8.0

Least transverse diameter of shaft, 6.2

Greatest diameter of shaft, at distal end, 10.0

Least diameter of shaft, at distal end, 8.0

Greatest vertical diameters of distal articulation, 8.-10.0

Least vertical diameter of distal articulation, 7.5

Transverse vertical diameter of distal articulation, 7.5

14
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Measurements of First Phalanx of Tldrd Digit. [Hesperomis crassipes, No. 1474.)

Length of first phalanx, -- - 39.0

Transverse dianieter of proximal end, - 9-0

Transverse dianieter of proximal articulation, 9.0

Least vertical diameters of distal articulation, 8.5-10.0

Le.ist vertical diameter of shaft, 8.0

Least transverse diameter of shaft, -- 7-0

Greatest diameter of shaft, at distal end, 10.0

Least diameter of shaft, at distal end, 8-5

Least vertical diameter of distal articulation, .-- 7.5

Transverse diameter of distal articulation, — V.5

Measurements of Second Phalanx. {Hesperomis regalis, No. 1200.)

Length of second phalanx, -- - 30.0'

Greatest vertical diameter of proximal end, l-l-O

Transverse diameter of proximal end, - 8.0

Vertical diameter of proximal articulation, 11-0

Transverse diameter of -proximal articulation, - — V.O

Least fore and aft diameter of shaft, '^•0

Least minimum diameter of shaft, 4.0

Greatest diameter of distal end, 8.0

Least diameter of distal end, 6.5

Greatest diameter of distal articulation, - 7-8

Transverse diameter of distal articulation, 6.0

Measurements of Third Phalanx. {Hesperornis regalis, No. 1200.)

Greatest diameter of proximal end, - 10-0

Least diameter of proximal end, 5.5

Greatest dianieter of proximal articulation, - 9-0

Least diameter of proximal articulation, 5.0

The Second Digit. (Plates XIX and XX.)

The second digit was much smaller than the third, and composed of

three phalange-s. It was supported by the short fi-ee exti-emity of the inner

element of the tarso-metatarsal bone, and was directed inward and

forward.

The proximal end of the first jdialanx (Plato XIX, figure 1) was

raised above the general ])lane of the fo<it. Its proximal end is trihedral

in outline, and the di.stal end also, altliough the shaft is twisted so that the

boundary lines of tho two are not parallel. The two extremities are

Linm
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truncated obliciucly, making tlio outer niaTigin of tho bono considerably

sluirtor than tho inner. Tho shaft of tlio bono is depressed, and tlio outer

and inner margins converg-o distally.

Tlie second phahinx of tliis digit (Plate XIX, figure 2) is somewhat

similar to the first, but shorter, and much more slender. The extremities

are less obliquely truncated, and the shaft and distal end are much more

flattened. The articular faces of this jih.alanx, as well as of the others in

this digit, admit of considerable rotation, but have the crescent and peg

articulation only partially developed.

Tlie tenninal phalanx of the second digit (Plate XIX, figure 3) is

short, much depressed, and pointed at its distal end. Seen from above, it is

wedge-shaped in outline, with the proximal articulation at right angles to

the axis of the bone. In its natural position, this phalanx had its superior

surt'ace tirnied more or less outward, and diunng recovery after the back-

ward sti'oke it was tvuTied edgewise, so that this face looked entirely outward.

The measurements of the phalanges of the second digit in Hesperornis

regalis, and Hesperornis crassipes, are given in the tables below :

Measurements of First Phalanx of Second Digit. {Hesperomis regalis, No. 1206.)

Greatest diameter of proximal end, 14.5

Vertical diameter of proximal end, _ 12.0

Transverse diameter of proximal end, 13.0

Vertical diameter of proximal articulation, 11,0

Transverse diameter of proximal articnlation, 11.0

Measurements. (No. 1476.)

Length of first phalanx, 42.0'

Greatest diameter of proximal end, 15.0

Vertical diameter of proximal end, 13.0

Transverse diameter of proximal end, 13.8

Vertical diameter of proximal articul.ation, 11.0

Transverse diameter of proximal articulation 10.2

Lca.st vertical diameter of sh.aft, 6.6

Least transverse diameter of shaft, 8.5

Greatest vertical dianu'tor of distal end, 9.0

Least vertical diameter of distal end, 8.0

Transverse diameter of distal end,'. 9.0

mm

iiDin
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Measurements of First Phalanx of Second Digit. {Hesperornia crassipes, No. 1474.)

Length of first i)h:il:inx, - 40.5

Greutt'st iliimutur of iiroximal end, 14.5

Vertical diameter of proximal end, - - 12.5

Transverse diameter of proximal end, 13.0

Vertic-al diameter of proximal articulation, - - - 12.0

Transverse diameter of proximal articulation, - - 10.0

Greatest vertical diameter of distal end, _ 8.5

Least vertical diameter of distal end, 7.5

Transverse diameter of distal end, 8.0

Measurements of Second Phalanx. {Hesperornis regulis, No. 1476.)

Length of second phalanx, 41.0'

Greatest (transverse) diameter of proximal end, 10.0

Vertical diameter of proximal end, 9.0

Transverse diameter of juoximal articulation, 9.0

Vertical diameter of proximal articulation, 7.2

Least transverse diameter of shaft, 6.2

Vertical diameter of shaft, - 3.6

Transverse diameter of distal end, 7.2

^'ertieal diameter of distal end, 3.0

Transverse diameter of distal articulation, 6.5

Vertical diameters of distal articulation, 2.5-3.0

Measurements of Third Phalanx. (No. 1476.)

Length of third phalanx, - - - - 15.0

Transverse diameter of jircjximal end, 7.0

Vertical diameter of proximal end, 3.3

The First Digit. (Plates XVIII, XIX and XX.)

The metatarsal nulimeiit of the hallux, or iirst (li<iit (Plate XIX,

Ajj^iire 4) has already l)een descril)ed. It supported below a first i)halanx

(Plate XIX, figure 5), much flattened, aud of moderate length. Tlie digit

was completed l»y a sliort, pointed, tenninal jjhalanx (Plate XIX, figure 6),

very similar in its general fi)rm and proportions to tlie ungual })halanx of

the BCeond digit. T!ic li.illiix was directed fin-ward and inward, like the

first digit of Coli/mhus, and not baekward, as in most modi-rn birds. The

diminutive size of this digit in ITcspnoniis, and the romuled h^Kse joints

b.'twecn the phalanges show that it was of little service in locomotion.

itum
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Tho following are tlio principal dimensions of tlio plialaiiges of the

hallux in llc.'ijx'roniis rviialis :

Jleasiiremcnts of First Phalanx of First Digit. {ITcsperornis regalis, No. 1476.)

Least transverse diameter of first phalanx, e.G""

Vertical diaiiu'tiT of shaft, - 3.0

Transverse diameter of distal articulation, 6.0

Vertical diameter of distal articulation, 2.0

Meamrements of Second Pludanx. (No. 1476.)

Length of second phalanx, 14.0°'

Transverse diameter of proximal end, 7.0

Vertical diameter of proximal end, 3.0

Greatest transverse diameter, - 7.6

imu





CHAPTER YIII.

THE RESTORATION OF HESPERORNIS. (Plate XX.)

The foregoing description of the individual bones of Hesperornis,

together with the full illustrations given in the accompanying plates, will

make clear to anatomists all the important points in the osseous structure

of this ancient bird, in many respects the most interesting member of the

class yet discovered. With the exception of one or two tcnninal

toe-bones, and the exti-eme point of the tail, every part of the skeleton is

preserved in one or more specimens, and this ample material has been

used in the restoration represented in Plate XX. Not a few of the bones

werenearly in their natm-al position, when discovered, and the remainder

have been assigned to their approjiriate places in the skeleton, after much
careful comparison of the fossils with the nearest allied liWng forms. It is

therefore confidently believed that the field of conjectiire has been reduced

to a mininnun in the skeleton as jestored.

The restoration of Hesperornis regalls in Plato XX represents the

skeleton one-half natural size, and in a position whiih the bird doubdess

somethnes assumed when on land, although it is probablv more erect than

was habitual. On the water, the body was of com-se more nearly

horizontal, the neck more bent, and the legs usually nnuh farther behind.

Ill
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In the preceding Plates, I-XIX, the bones of Hesperornis regalis have

been represented in natural size, and the magnitude of the whole bii'd may

be judged from the fact that the skeleton, if extended, would measm'e

about six feet (1.8") from the point of the bill to the end of the toes.

Ilcspcroniis crassipes was somewhat larger, and Ucspcrornis graiiUs, so far

as known, was apparently smaller, and of more delicate proportions.

When on land in the position represented in Plate XX, Hesperornis regalis

would be rather more than thi'ee feet in height.

nesperornls was a typical aquatic bird, ;nid in habit was doubtless

very similar t(t the Loon, although, flight being imjjossible, its life was

probably passed entirely ujjon the water, except when Aasiting the shore

for the purpose of breeding. The nearest land at that time was the suc-

cession of low islands Avhich marked the position of the present Rocky

Mountains. In the shallow tropical sea, extending from this land five

hundred miles or more to the eastward, and to unknown limits north and

south, there was the greatest abundance and variety of fishes, and these

doubtless constituted the main food of the present species. Hesperoniis, as

we have seen, was an admirable diver, while the long neck with its

capabilities of rapid flexm^e, and the long slender jaws armed with sliaij)

recurved teeth formed together a perfect instnmient for the capture and

retention of the most agile fish. As the lower jaws were united in front

only by cartilage, as in Serpents, and had on each side a joint which

admitted of some motion, the power of swallowing was doubtless etjual to

almost any emergency.

Ihning tlius sliown what the skeleton of Hesperornis is, and what its

mode of life must have been, it remains to consider tlie more important

question of how the pecidiar combination of gcmial and specialized

characters manifested in its structure originated. The two most striking

features of Hesperornis are the teeth, anil the limbs, and an inquiry in

regard to them first suggests it.self

'^riie tectli of HcspcroriiiK may be regarded as a character inherited

fi-oin a reptilian aiu-estrw Their strong resemblance to tlie teetli of
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rcptilos, in form, stnicturc, and succession, is evidence of tliis, and tlit-ir

motliod of iniplantatiuu in a common alveolar groove (Ilolcodont), con-
forms strictly to what Avo have in one well known g-roup of reptiles, exem-
plified l)y Lhthynsaurm. This method of insertion in the jaw is a in-imitivo

dental character, quite ditl'erent from wliat wo should naturally expect as
an accompaniment of the modern style of vertebra, and is a nuich lower
grade than the implantation of the teeth in distinct sockets (Thecodont),
a feattu-e characteristic, as we shall see, of another group of Odontoniithes,
of which Ichthyoruis is the type. These teeth indicate unmistakably that

Ilcsperontls was carnivorous iu ]i;il)it, and doubtless was descended fronx

a long line of rapacious ancestors.

In considering the limbs of Eesperornis, two explanations of their

peculiar modifications natm-ally suggest themselves. The rudimentary
wings, viewed in the light of modem science, clearly indicate that

Hcsjm-oniis was in this respect a degi-aded type. The Stnithious charactei-s

wliich we have noticed iu various parts of the skeleton might be regarded,
not as evidence of close relationship, l)ut ratlier as general reptilian

characters, common to the two groups through inheritance from a remote
reptilian ancestry. According to this view, the wings may have been
gradually lost by disuse, after the aquatic life was assumed. In proportion
as the wings diminished, the legs and feet increased in size, for their

work increased. This change would be strictly in accordance with the
law of compensation, and the well known economy of natiu-e.

We may suj^pose, moreover, the ancestors of Hesperorms to have been
at one time on an equality with the Loon, and later with the Peno-nin in

respect to means of flight and swimming. As the wings .slowly diuiinished

in size, first came the lo.ss of flight, while the wings retained, doubtless for

a long time, their power of propulsion through the water. As this too
became gradually restricted, the legs and feet gained proportionally. The
power derived from them, aided indirectly by the tail, in time so predom-
inated, that the wings became entirely aborted, a remnant of the humerus
alone remaininjr.

15
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During- the life-history as thus indicated, IIes])erornis would exemiilify

in the waters of the Cretaceous period the evolution that has recently

taken place in ocean navigation, in the gradual change of the side-wheel

steamer into the modem propeller.

Another explanation seems on the whole more reasonable, and more

in accordtmce with the known facts. The Struthious characters, seen in

Hcsperornis, should probably be regarded as evidence of real affinity, and

in this case Hesperornis would be essentially a carnivorous, swimming

Osti-ich. The diminutive wings and very large posterior exti-emities would

then have been acquired on land, by the saine means that have given

similar chai-acters to the JRatitcc, and subsequently have been adapted to an

aquatic life. Against this view, the carnivorous character of Hesperornis

would be no valid objection. The long neck and peculiar jaws and teeth

would be equally effective in seizing prey on the land, and many of the

herbivorous cotemporaries would doubtless have been easy A-ictims. This

would be precisel}^ analogous to what we have among the coiTesponding

groups in the Dinosaui's.

There is to-day no evidence that any of the Stiiithious birds, or their

ancestors, ever possessed the power of flight, although this is generally

assumed. The case is even stronger y\\\\\ Hesperornis, as this gemis stands

much nearer the ancestral type, both in sti-uctm-e and in time. The

absence from the stemiun of any ti-ace of a keel is ahnie strong proof

against flight ; the peculiar Dinosauroid union of the scai)ula and coracoid,

unlike that of any volant bird or reptile, confirms this; and other testimony

bearing in the same direction is not wanting.

All C'arinate birds, moreover, so for as knowni, indicate by their

embrvologv tli;it tliey have pa.ssed through the Struthious, or lower stage;

and some itf thciii, Thiiuuus, fur instance, still retain one or more of its

distinctive characters. Tlu-re are, indeed, various flightless birds, recently

extinct, which do not belong to tlio Ostrich grouj), but are truly Carinato

in all their essential features. The Dodo (DiditsJ, Siilitaire (Pvzophnps),

Cncmiorni'i, imd Xotornis are well known examples; but tlu-se all show in

llieir shoidder-glnlh- iiniiiisfid<;il)le traces of tlie lost ]io\ver of flight. The
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characters necessary to volant movements, once attained, would aj)pcar

never to bo completely lost, and this alone seems to funiish a crucial test

liMien such suggestive indications are wanting in tho skeleton, avo may
fairly challenge any assmnption of previous flight.

Although Uespcroruis may thus, like its Reptilian ancestiy, have

always been incapable of flight, the anterior limbs may have long continued

limited aids to locomotion. Whether used actively in tho air, like tho

wings of the Ostrich, or of yomig swimming birds, or passively, like the

sail-set pinions of a Swan, or later as impei-fect paddles, the wings of

Hesperomis were certainly not well fitted for diving, and hence they

,

gi-adually became useless, and virtually disappeared. We may imagine

among the reasons for the gradual loss of wings, the fact that they were

too weak to be of much service imder water, while from their position they

added greatly to the resistance, especially diu-ing rapid diving. To diminish

tlus resistance, they would naturally be apj)lied closely to the side, and

from such disuse, would gi-adually suffer atrophy.

In this great swinmiing bird, as thus modified, Ave have presented to

us an interesting problem in animal mechanics. The Avings may be

regarded as Avanting, since the remnant of the humenis was attached

closely to the side, as in the Apteryx, if not entirely concealed beneath the

skin, like a scapula. The locomotion was therefore entirely performed by

means of the posterior limbs, a specialization here seen for the first time in

aquatic birds, recent or fossil. Those who have obsen-ed a Penguin or a

Loon SAvimming beneath the A\ater knoAv Avhat a A'igorous use such birds

then make of their Avings, however useless these members may appear to

be on land. Not only do the wings, in such a case, assist in the forAvard

movement tlu-ough the water, but they are of much senace in steering.

A Penguin, Avhen in sAvift sub-aqueous flight, can turn around, by the aid

of its wings, while moving twice its length. Uespcroruis had no such aid,

but the legs and feet wei'e far superior, for sAvimming and diving, to those

of the Penguins, not merely in poAver, but in the more perfect adaptive

mechanism. This Avas doubtless the main reason avIiv the posterior limbs

of JJi'spt roniis became so predominant.
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The tail of Ilesperornis was clearly of gi'eat sendee in its aquatic life.

In the number of vertebrae and length, it exceeds nearly all known bu-ds,

and it is unique in its widely expanded transverse pi'ocesses, and in its

depressed, horizontal, plough-share bone. Tliis broad horizontal tail

reminds one of that of the beaver, and was midoubtedly of gi-eat

assistance in steering, and in di^'ing. Whether it was, like the beaver's

tail, destitute of feathers, or like the tail of Plotus was fimiished with long

stiff rectrices, so as to act as a rudder, cannot at present be detenuined

with certainty, although the latter view seems more probable. That

Hespcrorms was provided with feathers of some kind, we can hardly doubt.

The sm-rounding circiunstances were evidently very favorable to

Ilesperornis for a long period. There was ajipiu^ently during this time an

absence of enemies in the air above, and an abundance of food in the

Avater. Hesiyerontis was more than a match for the gigantic toothless

Pterodactyles, rthich hovered over the waters here in such great nimibers,

and the other inhabitants of the air all aj^pear to have been small. Tlie

ocean in which Ilesperornis swam teemed with fishes of luaiiy kinds, and

thus a great A-ariety of food was at hand, and obtained with little effort.

In this aquatic paradise Ilesperornis flotu'ished, distiu-bed only l)y the

serpentine Mosasaur, wliich, even Avithout tradition, Ave may imagine,

caused its banishment, if not its destruction.

In the preceding description, the Avriter has compared Ilesperornis Avith

the Ivatitjr, or Ostrich grou]), and also Avith the diving birds as exemplified

by Culyuihns and I'odiceps, and the more noteworthy jioints of resemblance

or difference have been stated. It will hardly be j)rolitable to extend the

comparison to other groups of modeni birds, as the similarity in points of

structure is mainh' of a "•eneral natm-e.

The genus Archfcopteri/x from the Jurassic of Eiu'ope, the only bird at

present known more ancient tlinn Ilesperornis, presents some marked ])ohits

of differenif, lor cxuniiilc, its olongated tail ; as well as some i)eculiar resem-

blances, wliicli will lie discussed in llic conchiding ]>art of tliis vohnno.
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Tlie genera Ichthijoruls and Apatonii.s, wliirli are from tlu^ same

geological fomiation as Ilespcronm, and are very fully described in the

following chapters, differ widely from that genns in ha\-ing biconcave

vertebra^, as well as in other most important characters.

HespcroDiis really stands alone among all known birds, and the

special characters which thns separate it will lie stated in the talile of

classification at the end of the present memoir.





ODONTOENITIIES
P^KT II.

ODONTOTORM.^.
(Plates XXI-XXXIV.)

ClTAPTEIl IX.

THE SKULL AND TEETH OF ICHTHYORNIS.

(Plates XXI, XXVI, aii.l XXXIV.)

Tna birds included in the second order of OiJontoniifhes, so far as now

known, were all of small size, and possessed powerful wings, and very

small legs and feet. They differed widely therefore in fonn and habit

from those described in Part I, and, as we shall see, exhibited various

significant characters, which distinguish tliem more strongly from the

Odontolae than any existing birds are separated from each other. Some of

these characters, as for instance their biconcave vertebra^, sepai-ate them

widely from all birds recent and extinct, and point back unmistakabh- to

a very lowly ancestiy, even below the reptiles.

The remains of this group preserved are more or less pneumatic, and

this fact, in connection with then- small size, is ])orhaps the main reason why

so few have been discovered. As might naturally be expected, the hollow

bones of flying birds, being filled with aij-, enable the carcass to float

upoTi the water much longer than it otherwise would, and it is thus

liable to be destroyed by fishes or other animals. Hence, the chances of

the entombment of a complete skeleton are gi-eatly diminished. Such

delicate bones, moreover, even after their entombment, require a favorable

combination of circumstances for their ])reservation in good condition.

no
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Foi-tunately, the bottom of the Cretaceous ocean, in which the remams of

these birds were embedded, left nothing to be desired in this respect, since

in its fine calcareous sediments the most delicate vascular impressions of

the bones were often i)reserved.

A most careful search in these deposits, as they are now exposed on

tlie Plains east of the Rocky Mountains, conducted by the writer in person,

^\ ith the aid ot otlier members of the various expeditions already men-

tioned, has resulted in bringing to light various remains representing no less

tliau seventv-seveii different individuals of this group of the Odontornithcs.

These remains are all in the Yale College Museimi, and form the material

on Avliich the following descriptions are based. An investigation of these

fossils shows that they are included in two well marked genera, Ichfhijorms

and Apatorms, the former represented by several species, and the latter by

only one. These were all small birds, scarcely larger than a Pigeon. In

their powerful wings and small legs and feet, they remind one of the Tenis,

and, according to present evidence, they were aquatic birds uf similar lifu

ami habits.

The Skull. (Plate XXL)

In Ichthi/oniis dis2)ar, the tji^e of the genus Ichthijornis, and of the

order Odontotonnce, the skull Avas very large in proportion to the rest of

the .skeleton. Tliis disprojjortion is shown in the restoration on Plate

XXVI. Tlie cranial ])ortion of the skull is quite short, but the facial pai-t

is imich ]iruibiccd. T]i(> occipital condyle is very small, and directed

l)ack\vanl. Al)ove tlic condvlc, the occipital portion of the skidl was

nearh- vertical. The lateral margin of this sm-face is bounded by a sharj)

ridge whicli separates it bom the temporal fossa, and this ridge united

with its iclli>\v abtive was continued forward on the median line, as a

.sagittal crest, between the temporal fossa'. The latter were large and

deep, and were separated from the orbit by a moderate post-orbital

piocess. The orltits were \i-v\' large, and ni'ar together. 'IHie (piadrate

is well preserved in one species, and its inticidar lu'ad has only a single

tni-ct. :is in Ifrsprioniis, and the lidl'ita:.
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Tlie quadrate of Ichthyoruls victor is represented in the cuts below,

figure 28. It is of large size, and in its general fonn does not differ

essentially from tlio quadrate in some modern birds. The undivided

articular head (tigure 2S, //) is its most important feature.

Fig. 28.

FiGCRE 2S.—Quadrate bono of /'AMi/orni's I iWo). M;irsh; twice D:itiiral size. a. posterior view ; b. front view;

c. inner view; d. outer view; A. head; p. articulation for pterygoid; j. depression for jtigal.

The skull of Ichthyontis has deep glandular depressions along the

roof of the orbits, similar to those on the cranium of Hesperornis, and some

recent water birds. The premaxillary bones are separate throughout

their posterior half, but were doubtless fii-mly miited in front. Tlie ante-

rior part of these bones has not been recovered, but the lower jaws would

seem to iudicate that in some respects it resembled the beak of Hesperornis.

In the type specimen (mimber 1450), the occijjital condyle is sub-

trihedral in outline, when seen from behind. In another specimen (num-

ber 14r)9) this condyle is cordate in fonn, resembling the corresponding

part in Hcsperornls. In most of its features, the base of the skull is more

like that of Hcsperornis than of any modem birds.

The Braix.

Tlie brain of Ichtlnjoniis was remarkably .'^mall, and in its main

features, strongly reptilian. In form and proportions, it resembled the

brain oi Hcsperornis more nearly than that of any other known bird. The

figure given below represents an outline of the skull of IcJifhi/oniis victor,

with a cast of the brain-cavity in position. A comparison of this figure with

that of the skull and brain of Jlcsjjcroniis, represented on page 0, will show

the main points of resemblance. The most noticeable reptilian features

in the two brain-casts are tlie elongated form, and prominent optic lobes.

16
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Tlie olfactory lobes of Ichthyonm (fig-ure 29, ol) were large and

prominent. They were separated in fi-ont by the inter-orbitiil septum, and

their crm-a made their exit, apparently, through separate foramina.

The cerebral hemispheres were of moderate size, and proportionally

less elongate than in Hcsperornis. Their form and propoitions, in Ichthy-

ornis victor, are well shown in figure 29, c, which represents a cast taken

directly from a cranium with this portion well preserved.

The optic lobes (figure 29, oj)) are very large, and the brain at this

part was nearly as "vvide as across the hemispheres. The cerebellum (cb)

was large, and elongate.

The general foi-m and dimensions only of the posterior part of the

brain of Ichthyornis are shown in figure 29, and hence are indicated by a

unifoi-m shading. Tlie outline given was obtained from a comparison

and measm-ements of two different specimens.

Fig. 29. Fig. 30.

VI

6

FlOUBE 29.—Outline of tho skull and br.iin-cavity of IMhyornis victor. Marsh ; soon from abovo ; five-siitbs

natural xizo.

PIOURK :iO.—Outline of the skull iin.l lirain-cavily of Sternti cimliaca, Omolin; same viow; natuml sia).

oL olfactory lubos; c. corebral liomisphoros; op. optio lobos; cb. ccrebuUum.
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Figure 30 represents the skull and cast of tlie brain-cavity of a Teni,

and the figure o{ Ichihi/oniis, beside it, is made of the same absolute length

for compai-ison. The Tern was chosen for this puq)Ose because in size and

structure of its skeleton it bore considerable resemblance to Ichthyonm.

The mode of life, also, of the two birds was probaldy similar.

In comparing the brain-cavity of Ichthi/oniis with that of Stenia, as

shown in figm-es 29 and 30, the strong contrast in size is at once apparent,

wliilo the most marked difterence is seen in the cerebral hemispheres. If

the latter alone be compared, the hemispheres of Ichthjorms are less than

one-fourth the size of those of Stcrm. If, however, the bulk of the entire

brain of each be compared, that of Ichthyomis would be less than one-third

the size of that of the Tena. Tliis would hold tnie after allowing a con-

siderable reduction for any uncertainty in regard to the exact proportions

of the posterior part of the brain-case of Ichthyomis.

The result of this comparison between Ichthyomis and the Tem agrees

very closely with that obtained in contrasting the size of the brain-cavities

oi Hespcromis and Colyiiihus, as given on page 10; and hence is of special

interest, as in no other instances have the brain-cavities of Mesozoic birds

been investigated.

The Lower Jaws. (Plates XXI and XXVI.)

In the type specimen of Ichthyomis dispar (No. 1450), both lower

jaws are preserved. The two rami are entirely sepai-ate, having been

united in front only by cartilage. They are large and massive, nearly

sti-aight, and much compressed ti-ansversely, especially in the posterior

poi-tion. The upper margin of the dentaiy bone is nearly straight. The

anterior extremity is roimded, and without any distinct symphysial sur-

face. The right ramus is well shown in Plate XXI, figures 2, 3, and 4.

The sutures in this jaw are nearly all obsolete, with the exception of that

between the splenial and angular bones. This sutiu-e is especially open on

the inner surface of the jaw (figure 2, e), and, in life, doubtless admitted

of some motion. There is no mandibular foramen, and, just behind the

articular face for the quadrate, the exti-emity is abruptly tnmcated.
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The dentigevovis portion of the lower jiuv is so similar to that of

some of the smaller Mosasaiiroid Reptiles, that, without other j tortious of

the skeleton, the t^vo tould hardly be distinguished.

The Tketii. (Plate XXI.)

The teeth of Ichthyornis were implanted in distinct sockets, thus

differing widely from those of Hesperornis. They are all sharp and pointed,

more or less compressed, and sti-ougly recm-ved. The crowns are coated

with enamel, and the two fore and aft cutting edges are sharp and

smooth, without seiTations.

The maxillary teeth appear to have been larger than those opposing

them. Their alveolar cavities are crowded together, and vet distinctlv

separated from each other by a thin septum of bone. They are oval in

outline, and quite shallow, owing to the small vei-tical extent of the

maxillary (Plate XXI, figm-e 1, and Iff). "Whether the premaxillarv

bones contained teeth is uncertain, but they were probably edentulous,

as in Hesperornis.

Tlie dental cavities in the lower jaw are elliptical in outline, and vary

in size according to position. They are in general deeper, and separated

more widely from each other, than those in the maxillaries. In the right

lower jaw of the type sj^ecimen of Ichthi/oniis dispar, there are twenty-

one distinct sockets. Tlie anterior one is very near the extremitv, and

contains ;i todtli of moderate size. The largest teeth in the lower jaw

are just back of the middle of the dentary bone. From tliis region to

the posterior end of the dentary, the teetli diminished gradual! \- in size.

The whole surface of each tooth exposed above the. jaw is covered a\ itli

sniootli enamel. In the right lower jaw of the type specimen, there

aru eight teeth still in their sockets, and from these the others have been

restored in outline, as shown in Plato XXI.

In fihtlii/onm anccps (number 1749), the lower jaws are more slender

tlian in the type species, and the number of teeth greater. The anterior

Inilf (if the dentary contained largo toetli <ml\'. The posterior eleven teetli

were all small, and n(.;nl\ nnilonn in size.
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A specimen of Ichihi/oniis victor (number 17;]r)) had much stouter and

deeper lower jaws than /. di^jjar, but they appear t<i have contained the

same number of teeth.

In the hiwer teeth of Irhtlujonm, the piilp-cavity passes well up into

the base of the crown. The fang is compressed, and directed downward

and forward. It is firmly set in a deep socket, which it nearly or quite

fills, 'rini dental succession took place vertically, as in Crocodiles and

Dinosaui-s ; not laterally, as in Tlesperornis, and the 3Iosasaurs, a fact of no

little significance. The young teeth are much inclined when they first

appear above the jaw, after the old teeth have been expelled.

The following measiurements of portions of the skull and jaws of

Ichthijornis ai-e from the specimens above described

:

Measurements of Skull. (No. 1459.)

Transverse diameter of occipital condyle, - 3

Ikledian vertical diameter of occipital condyle, 2.2

Distance between upper margins of orbits, — •5

Measurements of J- lies. (No. 1450.)

Extent of three sockets for maxillary teeth, - - 5.

Length of entire lower jaw, O^*

Extent of alveolar margin, - — ^l-

Transverse diameter of ramus, - 2.

(ireatest vertical diameter, — ^^

Transverse diameter of jaw at articulation, 5-5

Height of crown of toith tooth, above jaw, 2.1

Depth of ramus, below first tooth, -- 4.5

Depth of ramus, below last tooth, -- 3.

Measurements of Lower Jaw. (Xo. 1749.)

Extent of ramus containing twenty-two teeth, 36.5""°

Depth of ramus, below second tooth, - 2.

Depth of ramus, below last tooth, 4.5

Meaxurements of Lower Java. (Xo. 1735.)

Extent of ramus containing the last eleven teeth, - 20,

Depth of ramus, below first of above teeth, 4.

Depth of ramus, below last tooth, 4.5

mm

mm





CHAPTER X.

THE PRESACRAL VERTEBRAE OF ICIITIIYORNIS.

(Plates XXII, XXVI, XXVII, and XXXIV.)

The presacral vertebrne of Ichthyoniis present characters more remark-

able than those of any other known birds, and hence those preserved are

here described in detail, and fully illustrated. The series is not complete

in any one skeleton yet discovered, but the large number of vertebrae

secm-ed in various specimens make clear the more important features of

this part of the structiu-e.

None of the vertebra? of Ichthyoniis, in front of the sacrum, are

ankylosed together, and a niimber of them contain cavities in the sides,

Avhich are apparently pneumatic. Among existing birds, the Terns appear

to bear the nearest general resemblance to Ichthyoniis, and hence their

vertebrae are here used for comparison with those of that genus.

The Atlas. (Plate XXVII, figure 1.)

The atlas of Ichthyornis, as in most living birds, is a ring of bone,

very short antero-posteriorly, compared Avith the succeeding vertebra*. In

Ichthyoniis victor (number 1733), it is only about one-third as long as the

axis, exclusive of the odontoid process, the proportion being nearly the

same as in Stenia regia, Gambel.

The centinun of the atlas in Ichthyoniis is coossified with that of the

axis, forming a true odontoid process, which is robust, and somewhat

convex upon its upper sm-face. The hypapopliysis jjresents a crescent

127
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shaped articular surface in front, for articulation with the occipital condyle.

The ang'les of this crescent are prominent on each side above the odontoid

process, and during life doubtless gave attachment to a ligamentary bridge

above that jirocess, completing a nearly circular cuji, adapted to the

occijiital condyle, as in existing birds. The hypapophysis is produced

below into a somewhat Avedge-shaped jirocess, pointing slightly backward,

and strengthened at the base behind by a low small tubercle on each side.

The posterior articular face of the hj^papophysis is imperfectly exposed

in the specimen figured, but was eA^identiy adapted to the anterior articular

surface of the axis, in such a manner as to allow only a rotary movement

about tlie odontoid jirocess. This motion was, however, much limited

by the strong zygapojjhyses, A\hich are much better developed than in

the Tern. They are sti'engthened by a ridge rising on the side of the

vertebra, and running ujiward, backward, and somewhat outward, and

ending, above the zygapophysis, in an obtusely pointed tubercle. A similar

form of zvga2)02)hyses is seen in the Egyptian Stork, Ciconia alba, but

in tlie Tern, these processes are rudimentary. The upper sm-ftice of the

atlas is not a\('1I preserved in the specimen here described, but appears

to have been destitute of a neural sjjine.

The Axis. (Plate XXVII, figure 1-1 d.)

The axis of IcJifhi/oniis (number 1733) is proportionally a little longer

than in the Tern. The centrum is finnlv coossified in front with the

oentruiii of the atlas, no trace of the suture remaining. Below the odon-

toid process, is a large articular surface, not exposed in the present specimen,

but evidently of a lunate form, somewhat concave, and pennitting little

motion excej)t rotary. The lateral and inferior edges of this articidar

surface <are distinct, and rather acute; ami tlio articulation is borne upon

•an .interior expansion ol' the centrum, which attains its greatest diameter

at tlie edges of the arlicuhir surface. Tliese characters are well shown

III iiiiiiilier 1 77;").

The veiitr.il surface of the centniiii is evenl\' roiiiided for nearly one-

third of its h'ii"th. then excavated on each side of a median carina, whiili
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thickens backward, and nearly acquires the character of a liypajiojjhysis

below the posterior articular surface. On each side of the centrum near

the middle, is a rather acute salient tubercle, just behind which the trans-

verse diameter of the centrum is at the mininuun. Above and a little

behind these tubercles, are lar^e jjueumatic foramina.

The posterior articular face of the centrum is nuich smaller than the

anterior, and is sub-quadrate in outline. It is distinctly concave vertically,

and less so laterally ; and beg^ins to assume the peculiar character seen

in the biconcave articulations of the following- vertebra?.

The pre-zygapophyses are sessile facets on the anterior margin of the

lateral walls of the nem-al canal. They project very slightly in front of

the general contoiu- lines, much less however than in Cicouia, while in the

Tern these processes do not project at all. The post-zygapophyscs are

larger than the pre-zygapophyses, and in form are sub-triangular, with

rounded angles. They are concave in a lateral direction, and sti-engthened

above by a stout ridge ninning out, somewhat beyond the zygapophysis

on each side, into a blunt point. This projection is much weaker than in

the Tern, where the post-zygapophyses are simnounted by prominent,

divergent processes. The neural spine was low, and stout, more elongate

antero-posteriorly, but less robust, than in the Tern.

The following measurements show the principal dimensions of the

atlas and axis in one specimen of Ichtlnjorms victor:

Measurements of Atlas and Axis. (Xo. 173.3.)

Length of atlas, 2.7

Length of centrum of axis, 7.0

Length of centrum of axis, including odontoid process, - 9.0

Transverse diameter of cup in atlas, 3.5

Transverse diameter of atlas, across zygapophyses, 7.0

Transverse diameter of anterior articulation of axis, 3.5

Vertical diameter of posterior articulation of axis, 2.7

Transverse diameter of posterior articulation of axis, 1.8

Transverse diameter of vertebra, across post-zygapophyses (approximate), 9.0

17

mm
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The Third Vertebra. (Plate XXVII, figure 2.)

The third cervical vertebra of Ichthyornis (number 1733) differs

much from the second, and in several respects resembles the coiTesponding

vertebra in the Tern. The centrum is deeply excavated in front, and the

anterior articulation is much inclined to the axis of the vertebra. Behind

this excavation, the centrum abruptly becomes wedge-shaped, but the

lower edge thickens posteriorly, and, below the posterior articulation, is

about half as broad as the articular surface itself.

The plane of the anterior articulation is nearer horizontal than vertical,

being inclined at an angle of nearly or quite G0°, with the axis of the

centrum. In a vertical section, this articulation is moderately convex,

wliile laterally it is strongly concave, thus presenting an approach to the

characters of the ordinary avian vertebral articulation. The posterior

ai'tioular surface of the axis, and of this vertebra also, fail to show this

peciUiarity. This specialized feature, occm-ring at the first bend of the

neck, gives a direct hint as to the origin of the imique articulation in the

vertebras of modern birds. The full explanation of this articular structm-e

will be given in a subsequent chapter.

The posterior articulation is, like that of the axis, sub-quadrate in

outline, but is more elongate vertically than in that vertebra. This foce

is concave vertically, and less so horizontally, except perhaps near the

marsrins, which are rounded. On the sides of the centi-um near the lower

pai-t of the anterior articular sm-face, rather sti'ong parapophyses are

developi-il, which are connected with the diapophyses above by a strong

bridge of bone, or pleurapojdiysis. Tliese together enclose on each side

a small, vertically oval, lateral foramen.

Lnmediately above, and a little extenial to the lateral foramina, are

the strong and elongated pre-zygapophyses, -wliicli are directed somewhat

(>1)li(pu^ly downward, outward, and forward, and are about equally convex

in both directions. Tliey are iirojjortionally longer than in the Tern, and

look more directly uj)ward and less inward than in that sjiecies. Below,

they are strengthened by a ridge running iq) from the outer wall of the

lateral foramen. The post-zygapo])liyse3 ai"e shaped nuich as in the
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preceding vertebra, homg only about lialf as long as the pre-zygapoijliyses,

and lodkiiiy almost directly downward. Tliey are sin-inoTuitcd on each

side by a blunt tubercle jminting outward and backward, but much less

salient than in the Teni. The neural spine was moderately strong, but is

much broken in the specimen here described, number 1733.

Full measurements of the third cervical vertebra of Ichthyornis victor

are given below:

Measurements of Ttiird Vertebra. (So. 1733.)

Length of centrum, 6.0"""

Transverse diameter of anterior articulation of centrum, 2.5

Verfieal diameters of anterior articulation of centrum, 1.8-1.0

Tran-sverse diameter of posterior articulation of centrum, 2.0
Vertical diameter of posterior articulation of centrum, 2.7

Transverse diameter of neural canal, _ 2.6

Vertical diameter of neural canal, 2.0
Transverse diameter of vertebra, across pre-zygapophyses, 7.5

Transverse diameter of vertebra, across post-zygapophyses, 9.2
Transverse diameter of lateral foramen, 0.8
Vertical diameter of lateral foramen, i.i

The Tenth Vertebra. (Plate XXVII, figure 3).

A vertebra from the cervical series, in number 1733, appears to

con-espond best to the ninth cervical of Sterna rcgia, with which it may lie

compared. The inferior surface of the centnmi is flattened laterallv, but

concave longitudinally. The anterior articulation is somewhat cru.shed

below, but seems to have been concave in both directions, and of a sub-

quadrate form. The posterior articulation is more rounded, but has a

nearly straight upper margin. It is about equally concave in both direc-

tions, and rounded on the ederes.

From the antero-lateral regions of the inferior surface of the centrmn,

are two projecting processes, or catapophyses, extending downward and

somewhat forward to a distance neiu-ly equal to the vertical diameter of the

anterior articulation of the centrum.

Above and external to these, on each side, are the parapophyses,

united to the diajjo^diyses by the ankylosed pleurapophyses, which
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togctlier enclose the lateral foramen of tlie centrum. The posterior

prolongations of the pleura2)oph}'ses are broken off.

The pre-zygapophyses look upward and l)ackward at an angle of

nearly 45°, and a little inward. They are elongated, being fully twice as

long as broad, and are semi-oval in form. At the sides of the vertebra,

they are connected by a ridge with the bases of the post-zygapophyses.

Above this ridge, on each side of the vertebra, is a deep foramen, appar-

ently pneumatic. The post-zygapophyses are similar in shape to the pre-

zygapophyses, but look nearly directly downward, and a little outward.

They are each surmounted by a low tubercle, which does not project

beyond the zygapophysis, but is placed nearly above the middle of it.

The upper surface of this vertebra is flattened, and destitute of a neural

spine. It presents a shallow oval depression at the middle of the anterior

margin, and, behind, shows a similar, but somewhat larger and deeper

median ]iit for ligamentary attachment.

The principal dimensions of the tenth vertebra of Ichtlujornis victor

are as follows

:

Mecuturements of Tenth Vertebra. (Xo. 1733.)

Length of centrum, - 6.0"°"'

Transverse diameter of anterior articulation of centrum,. 3.0

Vertical diameter of anterior articulation of centrum, 2.1

Transverse diameter of posterior articulation of centrum, — 2.8

Vertical diameter of posterior articulation of centrum, 2.8

Transverse diameter of neural canal, _ 2.7

Vertical diameter of neural canal, 2.2

Transverse diameters of vertebra, across pre-zygapophyses, 8.8-10.0

Transverse diameter of vertebra, across j)Ost-zygapophyses, 8.5

Transverse diameter of lateral foramen, 2.0

Vertical diameter of lateral foramen, 1.8

Thk 'I'wkm'th Vertehk.\. (Plate XXII, figure 1.)

A vertebrii line regarded as the twelfth of the series (munber 1450)

resembles the eleventh ocrvicil of Sterna r^gia. The centrum is nuich

reduced in thirkinss iicnr tlic iiiiddU', and is pierced on oadi side bv a

pneumatic foramen. A strong li\ ii;ii)»)j)hysis arises from tlio anterior part
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of the lower surface, and extends downward, and a little forward. Its base

is about two-thirds the antero-posterior extent of the centruu), and, ]»ol(>w,

it is broadly rounded. The anterior face of the centrum is .slightly inclined

to the axis of the bone, so as to look somewhat downward. It is sub-

quadi'ate in outline, with rounded angles, and is slightly broader below

than above. The margin, except below, is prominent, and the face is

concave in both directions. The posterior face is more nearly circular,

in outline, but flattened above, and is more concave than the anterior.

Strong diapophyses arise on the lower part of the anterior end of the

centrum, and are directed outward, backward, and downward. They are

united with slender pleurapophyses, which complete the lateral foramina

by union with the parapoi)hyses above, just below and exterior to the pre-

zygapophyses. The lateral foramina are larger in })roportion to the size

of the centrum than in the eleventh cervical of the Tern, as is also the

neural canal.

The pre-zygapophyses look strongly inward, and somewhat upward

and backward, and are separated fi'om the post-zygapophyses by a distance

only about equal to their length. Between tlie pre-zygapophyses, the

nem-al canal is broadly open above. The post-zygapophyses look almost

directly downward, and somewhat outward. They are well elevated above

the floor of the nem-al canal by its nearly peii^endicidar walls. The roof

of the neural canal is short on the median line, excavated by a longitudin-

ally oval pit below, and bears a rudimentary neiu'al spine, less prominent

than in con-esponding vertebra of the Tern. Below the neural spine,

behind, is a pit for ligamentary attachment. The neiu-al canal is large.

The following are the main measurements of this vertebra in the t-\pe

specimen of Ichthyornis dispar :

Measurements of T\celflh Vertebra. (Xo. 1450.)

Length of centrum, 5.5™"

Vertical diameter of anterior articulation of centrum, 2.5

Transverse diameter of anterior articulation of centrum, 2.8

Length of hy|>aj)o]»h ysis, 2.8

Autero-posterior diameter of hypapopliysis, at hase, 3.0
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Transverse diameter of vertebra, across diapophyses, 10.
0"""

Transverse iliiiiiu'ter, aeross pre-zygapopliyscs, 7.6

Transverse diameter of vertebra, across iwst-zygapophyses, 7.0

Vertical diameter of neural canal, 2.4

Transverse diameter of neural canal, 2.6

Greatest diameter of lateral foramen, 2.6

Least diameter of lateral foramen, 2.0

Height of neural spine, above floor of neural canal, 4.8

The Foueteenth Vertebra. (Plate XXII, figure 2.)

Another vertebra (number 1450) is probably the fourteenth of the

series. The centrum is naiTOw at the middle, but is rounded below, and

sends down anteriorly a strong hypapophysis, which is broad, and slightly

bifid. The anterior face is sub-circular in outline, slightly flattened above,

and concave. The posterior face is similar in shape, and a little more

concave. The lateral foramina are somewhat imperfect, but the diapophysis

is strong, and the pleurapophysis projects well backward. The diajjophysis

projects below, and outside of the pre-zygapophysis. The neural canal

is large.

The pre-zygapophyses look somewhat backward, and strongly inward

and upward, and are separated from the post-zygapophysis by an interval

about equal to their length. The post-zygapophyses look downward and

outward, and are each surmounted by a low tubercle. The roof of the

neural canal is short on the median line, with a shallow pit in front. It

has a barely perceptible rudiment of a spine, and a transversely oval

pit behind, looking directly backward. There appear to be pneumatic

foramina at the sides, and also below, on the sides of the centrum.

Tills vertebra of the type specimen of Ichthyornis dispar measm-es

ias follows :

Mcasurementa of Fuurteentk Vertebra, (No. 1450.)

Length of centrum, - 6.0

Vertical diameter of anterior articulation of centrum, 2.4

Transverso diameter of anterior articulation of centrum, 2.8

Length of hypapophysis, 2.0

Vertical diameter of posterior articulation of centrum, 2.5

Transverse diameter of posterior articulation of centrum, 2.7

TransviTsc <liameter of vertebra, across diapophyses, 10.2

mm
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mmTransverse <li:unetcr of vertebra, across pre-zyjiaiiopliyscs, 7.5

Transverse diameter of vertebra, across post-zygapojjhyses, 7.0

Vertical diameter of neural canal, 2.2

Transverse diameter of neural canal, 2.0

Greatest diameter of lateral foramen, 2.5

Least transverse diameter of centrum, 1.5

TiiK Fifteenth (f) Vertebra. (Plato XXMI, li«,au-e 4.)

A rather poorly preserved vertebra (number 1733) coiTespoiuls imper-

fectly with the fifteenth Aertebra of Sterna rcfjia, with whieh it may be

compared. Tlie centrum is constricted mi-dially, btit expands at each end

to siij)port the articular faces, both of which arc sub-circidar, and very

slightly concave. The posterior face is rather deeper than the anterior,

which is somewhat inclined, so as to look a little downward and fon\ard.

Beneath the anterior face, is a ti'iangnlar area, with a small tubercle at each

of the upper external angles. Below, the centnnn is continued downward

into a thin hypapophysis, the base of which does not extend backward on

the centrum fpiite to the posterior end. Above, on each side is a large oval

pneumatic foramen. The articular surfiice to receive the head of the rib

is situated near the base of the lateral wall of the neural canal. The

diapoph}'sial articular surface for the tubercle of the rib is broken off.

The pre-zygapophyses are elongate, and look nearly directly upward,

and somewhat inward. They are considerably farther apart than the post-

zvgapophyses, the difference being rather greater than in the coiresponding

vertebra of the Tern. Tlie post-zygapophyses are imperfectly preserved

in this specimen, but appear to be shorter than the pre-zygapophyses.

The neural spine is absent, having been entirely broken away, so as to

expose the neural canal.

This vertebra of Ichthi/ornis victor has the following dimensions

:

Measurements of Fifteenth (?) Vertebra. (No. 1733.)

Length of centrum, 5.6"""

Transverse diameter of anterior articulation of centrum, 3.5

Vertical diameter of anterior articulation of centriim, 3.0

Transverse diameter of jiostcrior articulation of centrum, 3.0

Vertical diameter of jiosterior articulation of centrum, 2.6

Transverse diameter of vertebra, across pre-zygapophyses, 8.0

Transverse diameter of vertebra, across post-zygapophyses, 6.2
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TuK Sixteenth Vertebra. (Plate XXII, figure 3.)

A vertebra of the type specimen (number 1-150) resembles both the

sixteenth and seventeenth of the Tern. It belongs in the dorsal series.

Tlie centi-um has its least ti-ansverse diameter at the middle, and sends

perpendicularly downward from the anterior half a sub-conical h}-pa-

pophysis, two-lobed at the apex. Tliis process is wanting in the Tern.

The articular faces of the centrum are sub-circular in outline, somewhat

flattened above. Both are concave, and the posterior is more deeply so

than the antei-ior.

The centrum is very deeply excavated at the sides, above the

middle, leaving only a thin wall on the median line. The ai-ticulation for

the head of the rib is borae on the lateral wall of the neiu-al canal, and is

obliquely oval in outline. The diapophyses are broken away in this

specimen, and the nem-al spine is very imperfect. The zygapophyses

of the opjiosite sides are near together. The pre-zvgapophyses project

l)ut little in front of the centrum, while the post-zygapophyses extend

nearly their whole length behind it.

Another vertebra (number 1733), somewhat posterior to that regarded

as the fifteenth, has the centrum preserved, but is not figured. This cen-

trum is rounded below, slightly carinate on the median line, and sends

down three divergent tubercles near its anterior end. Two of these are

lateral, and somewhat divergent. The third is smaller, and more acute,

and is median in position, thus representing a hypaiiojdiysis. The anterior

face of the centrum is injured in this specimen, but appears to have been,

like the posterior face, sub-circular, and somewhat concave. On each side

aljove the middle, the body of the centinnn is excavated, so as to leave onlv

a thiti longitudinal median wall to support the floor of the neural canal.

The articular surface for the head of the rib is above this excavation, on

the lateral wall of the nem-al canal.
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The sixteenth vertebra of Ichihijornh dhpar measures as follows

:

Mea«urement» of Sixteenth Vertcl/ru. (So. 1450.)

Lengtli of centrum, 6.8"""

Least diameter of centrum, 1'2

Vertical diameter of anterior articulation of centrum, 2.5

Transverse diameter of anterior articulation of centrum, 2.5

Vertical diameter of jjosterior articulation of centrum,. 2.4

Transverse diameter of posterior articulation of centrum, 2.4

TiCngth of hypapophysis, - - 1-8

Transverse diameter of neural canal, 1.8

Transverse diameter of vertelira, across pre-zygapojdiyscs, 8.3

Transverse diameter of vertebra, across post-zygapophyses, 2.5

The Seventeenth Vertebra. (Plate XXVII, figure 5.)

A dorsal vertebra (number 1733) may be best compared Avith the

seventeenth vertebra of the Tern, to which it bears some resemblance

The centrum is but little contracted at the sides, and is almost evenly

rounded below. It presents near its anterior end two imef[iial tubercles,

the right one being the larger. The articidar faces are slightly elongated

vertically, and nearly equally concave.

The sides of the centiiim in this vertebra are deeply excavated above

the middle for almost the entire length, so that only a tliin layer of bone

is left to support the floor of the neural canal. This structure is much

like that in the corresponding vertebra of the Tern, and a little more

pronounced than in what may have been the preceding vertebra. The

articular surface for the head of the rib is situated above the anterior

part of this excavation, and is supported by a ridge running upward

and backward on the outer wall of the neural canal.

The pre-zygapophyses are elongated, and approximate. Tlie dia-

pophyses are both broken off. Tlie post-zygapophyses are a little nearer

together than the pre-zygapophyses. The nem-al spine was strong, but is

much fractiu-ed in the present specimen.

Tin's vertebra of Ichthijornis victor has its principal dimensions as

follows

:

18
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Jfeasurements of the Seventeenth Vertebra. (No. 1733.)

Length of centrum, - - - O.V

Lt'iist transverse diameter of centrum, 1.8

Transverse diameter of anterior articulation of centrum, 2.5

Vertical diameter of anterior articulation of centrum, 3.0

Transverse diameter of jiosterior articulation of centrum, 2.5

Vertical diameter of posterior articulation, _ 3.2

Transverse diameter of vertebra, across pre-zygapophyses, 4.0

Transverse diameter of vertebra, across post-zygapophyses, 3.2

The Eighteenth Vertebra.

Another vertebra (number 1733) not figured, evidently posterior to

tlio one above described, has the under siu-face of the centrum somewhat

hour-ghiss shaped, and nearly alike at each end, being destitute of tubercles

or hvpapophysis, and very evenly rounded throughout belo\v. Tlie artic-

idar faces are sub-cu-cular, and about ecpially concave. Laterally, this

centrum, like the one before it, is deeply excavated nearly to the middle

on each side, leaving a thin wall of bone along the median line to support

the floor of the neural canal. The articular face for the head of the rib

is above the anterior part of this excavation, and is obliquely oval. Tlie

diapophyses, zygapophyses, and most of the nem-al spine, are broken

away in this specimen.

In one of the best preserved skeletons of Ichfhyornis victor (number

1732), several vertebra}, apparently consecutive, lie near tog-ether in front

of the sacrum. The first of these, or the eighteenth veiiebra, has been

thrown somewhat out of tlie lino of the next two, and possibly may not

have been consecutive with them. The centrum is badly crushed, but was

evidently excavated at the sides above, as in the Tern, and had concave

articular faces. The neural spine was about two-thirds as long antero-

posteriorly as the centrum, and was ]iroportionally higher tlian in the

Tern. It docs not appear to have been iniited to the a<ljoining spines by

ossilicd ten<lons, as in that bird. The posterior zygapophyses are approxi-

mate latcrallv, as in llio succeeding vortebra\ and hiok outward as Avell

as dnwiiwiird. Tlie diapnpinsus \vc'ro lirnad, and directed somewhat

l)ackwaril.
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TnK Nineteenth Vertebra.

The succeeding vertebra in tlie above series (number 1732) is sonie-

wliat crushed laterally, so that the centrum appeal's keeled, but it was

probably rounded below. At the sides, it is excavated, leaving only a

thin median wall. The diapoph}ses are strong, nearly horizontal, and

directed .somewhat backward. They are supported by a vertical ridge

below, and bear at the end a small sub-circular articular face for the

tubercle of the rib. Their upper surfaces are moderately broad. Tlie

neural spine is as extensive at its thickened upper end as the centrum.

A vertebra not figured, which may be regarded as the nineteenth, is

represented in one specimen (number 1733) by less than half of a centrum,

apparently the posterior end, which has a nearly circular and slightly

concave articular face. This centrum is broken near the middle, showing

a transverse section very similar in forai to that of a T rail inverted.

A similar section might be made across the centra of the three preceding

vertebr£B of this species {Ichfhyornis victor.)

The Twentieth Vertebra.

Another more posterior vertebra not figm-ed, belonging to this specimen

(number 1733), has a shorter and stouter centrum than the preceding, and

is less excavated at the sides. The articular surfxces are concave. The

parapophysial surface for the head of the rib is small, and elevated. Tlie

neural canal is much crushed, and the zygapophyses, diapophyses, and

neural spine, are broken away.

The twentieth vertebra of number 1732 is broader below than the

nineteenth, and rounded, without trace of hypapophysis. The sides of the

centrum ai-e excavated above the middle, and the articular faces are sub-

circular, and moderately concave.

The diapoplu ses are strong, and supported by a ridge below. They

are directed somewhat backward, and torminated by a small face for the

articulation of tlie tubercle of the rib.
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The Twenty-first Vektebra. (Plate XXII, figiire 4.)

A vertebra in the, type specimen (number 1450) may be compared

Avitli the twenty-first of Sterna regia. The centrum is somewhat crushed,

but appears to liave been moderately broad below, and destitute of any

hypapophysis. It is deeply excavated at the sides, as are the other

dorsals, at least those from the posterior part of the series. The articulation

for the bead of the rib is obliquely oval. The diapophyses as Avell as

the neural spine are broken off; and the zygapophyses are crushed out of

position, but were approximate laterally, as in the preceding vertebrae.

A vertebra (number 1732) adherent to the anterior end of the sacnmi,

and almost wholly in front of the ilia, thus coiresponding with the twenty-

first vertebra of the Tern, is also exposed in the matrix with that above

described. The neural spine appears to have been developed much as in

the Tern, but is here crushed. The diapophyses are broad, and at the

end were united to those adjoining by flattened ossified tendons. The

pre-zygapophyses look obliquely inward, and upward.

The following measurements give the size of the twenty-first vertebra

in the type specimen of Ichtlnjornis dispar :

Measurements of Twenty-first Vertebra. (So. 1450.)

Length of centrum, 6.0'

Least diameter of centrum, 1.5

Vertical diameter of anterior articulation of centrum, 2.5

Transverse diameter of anterior articulation of centrum, 3.0

Vertical diameter of posterior articulation of centrum, 2.4

Transverse diameter of posterior articulation of centrum, 2.5

Transverse diameter of vertebra, across j)re-zvtra])0]ihvses, 3.0

Transverse diameter of vertebra, across post-zygapophyses, 2.5

iinin



CHAPTER XI.

SHOULDER-GIRDLE OF ICHTHYORNIS AND APATORNIS.

(Plates XXIII, XXIX, and XXXIV.)

The scapular arch of Ichthyornis, and its near ally Apatornis, conforms

sti-ictly to the type seen in living carinate birds. This part of the skeleton

gives no hint of the peculiar reptilian features in other portions of the

structui-e, and has none of the Sti-uthious characters noticed in Hespcrornls.

There is apparently no part of the entire shoulder girdle of Ichthi/oniis,

or the allied genus, that might not have been used by some existing birds

with strong powers of flight.

The Scapula. (Plates XXIX, and XXXIV.)

In the Odontotornia;, the scapula presents two well marked types. In

Ichthyornis (Plate XXIX, figures 9, Or;, 10-12), the bone is robu.'^t near

its ai-ticular end, where it is moderately, but .suddenly, expanded and

thickened, much as in Ardea. Here, it presents two confluent articular

surfaces. The larger of these fonns a part of the glenoid fossa, and the

smaller is for aiticulation with the coracoid. The scapidar part of the

glenoid fossa is flattened, slightly narrower below than above, and

strongly inclined to the plane of the bone. In its largest dimension, it is

slightly concave in section, while transversely it is nearly flat, but rounded

at the edges. The articular surtace for union with the coracoid is nearly

141
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hemispherical, and adapted to the subcu'cidar pit in that bone. The

acromial jirocess of the scajjula is conical, short and pointed, and does not

jiroject beyond the articular portion of" the bone. The shaft is hollow at

the lower end.

In the genus Apatornis, the scapula (Plate XXIX, figm-es 1, la, 2—4) is

elongate, and distally flattened. In a side -snew, the lower half is curved,

while the upper or distal half is nearly straight. In a front view, the bone

appears regulai-ly curved throughout. The proximal end is moderatel}' and

gradually expanded transversely, and bears the two customary articular

sui-fsices. The upper and larger of these, forming the scapular jDortion of

the glenoid fossa, is very oblique to the jilane of the bone, and is

distinctly convex in both directions. It increases in transverse diameter

toward the base, instead of becoming narrower in that region, as in

Ichthyornis. The articular surface for the coracoid is much as in that

genus, being sub-hemispherical, and adapted to the pit on the foce of the

coracoid. This articular face is bounded internally by a distinct ridge, as

shown in figm-e 3.

The principal difference, howevei", between this scapula and that of

Ichthyornis is shown in the development of the acromial process, which in

Apatornis is highly develojied, and projects far beyond the articular

sm-faces of the bone, as in Graculiis. Anteriorly, this process is obliquely

truncated, so that at the end it is blunt, and somewhat wedge-shaped. Its

general direction is inclined at an angle of forty-five degi'ees with the

direction of the shaft of the bone at its origin.

The shaft of the scapula is perfectly j5reserved in specimen number

17.'54. It is hero broadest just below the middle, where the upper

edge becomes thin, and somewhat expanded Beyond the middle, tlie

bone tapers to near the distal end, and the extremity is rounded. The

scapula decreases pretty regularly in thickness from near the proximal to

the distal extremity, where it becomes thin and blade-like.

The following measurements indicate the size of the scai)ula in

Ichthyornis and Apatornis.
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Measurements of Scapula. {JclUhyomia dispar. No. 1719.)

Greatest diameter, across litiiiu'ral articulation, 7.6"""

Least diameter, tliroujjli huineral articulation. 2.8

Length of acromial process, from base, - - 0.6

Measurements of Scapula, {Ichthyomis victor. No. 1452.)

Greatest diameter, across humeral articulation, 8.
""'

Least diameter, throus;h humeral articulation, 3.

Length of acromial process, from base, - 0-8

The various bones in the scapular arch of Ichthjomis are shown in

position in the figure below.

FiO. 31.

FiocbeSI.—.''capular arch of /f^ttyomij Victor, Marsh; twiro nntnral size. s. scapula; c. coracoid; et clavicle,

$L etemum; k. keel of Eternum; «r. ooatal border
; g. glenoid fosaa.
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Measurements of Scapula. {Apatornia celer, Xo. 1734.)

Left. Right,

Length of scapula, 52.5

Greatest illaiiieter, across humeral articulation, 5.1""°

Least diameter, tlirough humeral articulation, 2.

Length of acromial process, from base, 3.5

Diameter of shaft, above humeral articulation, 3. 3.

The Coeacoid. (Plate XXIII and XXIX.)

In the genus Ichthyornis, the coracoid is a strong bone, much -widened

at the proximal end, where it articulates with the sternum in an elongated

groove on each side. These grooves, and consequently the coracoids in

their natural position, cross the median line in front in such a manner

that the right coracoid is external to, or in front of, the left, as in the

herons and their allies, and in some other birds. The proximal end is

much expanded, as in Cohjmhus, but the bone is less robust than in that

genus. The external part of the expanded portion is thin, and is short in

the line of the axis of the bone. The inner angle of the expansion is

produced and acute, as in Arclea.

The shaft of the coracoid is flattened, nearly or quite as far as the

articular surface for the humerus. This surface is nearly flat, suboval, and

somewhat less than twice as long as broad. The articular sm-face for the

scapula is a nearlv hemispherical pit, or cup, in diameter about eqiial to

the transverse diameter of the humeral articulation. It is placed just

within the lower end of that articulation, instead of almost wholly below it,

as in Apatornis.

Just beneath the articular fiice for the scapula, is a foramen, per-

forating the base of a strong sub-scapular process, A\hirh is crushed and

broken awav from most of the specimens preserved. Tliis process is

triangular in shape (Plate XXIX, fig. IG), and much like that seen in

Anica hvrmVins, Linn. Below and beyond the articular faces, the

coracoid is flattened vertically, and, at the end, it is expanded ; but, as in

Ardca, it present.s no facet for articulation witli the clavicle, whicli is

luiknown in Ichthyornis. The shaft of the bono is hollow, with thin walls.
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Tlie coracoul o{ Apafoniis resembles in general that o{ Ichtlii/omis, but

is less expantk'il at the lower or stenial end ; and these ends overlapped

much less extensively than in that ji^enus, if indeed they overlapped at all.

The articular surface for the scajjula is, as in Ichthiionm, a hemispherical

cup, but it is placed almost wholly below the articular surface for the

humerus, or the coracoid part of the glenoid cavity.

The articulation ior the humerus is comparatively broader than in

Ichthijorms, and is excavated in the middle, instead of being nearly flat,

as in that genus. Under and beyond these articular faces, the coracoid

is flattened vertically, almost to an edge, below. The shaft of the bone

is bent strongly inward beyond the glenoid cavity, instead of continuing

nearly straight, and there is a pronounced terminal knob, but no distinct

face for articulation with the clavicle. The glenoidal, or subscapular, \>yo-

cess is perforated b}' a foramen at its base, as in Ichthijomis. The shaft

of the coracoid is hollow.

Measm-emeuts of the coracoids in the types and some other specimens

of Ichthyornis and Apatornis are given below.

Measurements of Coracoid. {^Ichthyornis dispar, No. 1450.)

Length of sternal articulation,— — 16.

Greatest antero-posterior diameter of proximal end, - l.V

Antero-posterior diameter of shaft, where broken, 2.2

Transverse diameter of shaft, where broken, 4.

Measurements of Coracoid. [Tchtliijornis dispar, 'So. 1718.)

Length of humeral art iculat ion, 6.

Greatest transverse diameter of humeral articulation, 3.4

Transverse diameter of shaft, below humeral articulation, — 3.8

Vertical diameter of clavicular process, 5.

Transverse diameter of clavicular process, 2.2

Measurements of Coracoid. {Ichthyornis victor. No. 1452.)

Length of humeral articulation, - <5.5

Greatest transverse diameter of humeral articulation, — 4.

Least transverse diameter of shaft, below articulation, 3.5

Vertical diameter of clavicular process, 5.2

Transverse diameter of clavicular process,. 2.8

19
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Measurements of Coracoid. {Icht/iyomis victor, "No. 1121.)

Length of liumeral art ieulation, 6.2

Transverse diameter of humeral articulation, 4.

Vertical diameter of clavicular process, 5.5

Transverse diameter of clavicular process, 3.

3feasurements of Coracoid. {Ichthi/ornis victor, ^o. 1141.)

Length of humeral articulation, _ 6.

Greatest transverse diameter of humeral articulation,. 3.6

Diameter of shaft below humeral articulation, 4.

Vertical diameter of clavicular process, 6.

Transverse diameter of clavicular process, 3.

Measurements of Coracoid. {Ichthyomis victor, No. 1T43.)

Length of coracoid, 34
Length of humoral articulation, 6.

Width of humeral articulation, 32
Diameter of pit for scapula, g.

Depth of clavicular process, 5_

Transverse diameter of clavicular process, 3.

Length of glenoid process, 4.2+
Transverse diameter of shaft, .; 4^

Vertical diameter of shaft, 2.5

Measurements of Coracoid. {Ichthyomis victor, liio. 1745.)

Length of coracoid, _ 30,

Length of humeral articulation, 6.

AVidth of humeral articulation, 3.4

Diameter of pit for scapula,.. 3.4

Vertical diameter of clavicular process, 5.

Transverse diameter of clavicular process, 2.8

Transverse diameter of shaft, 4.

Antero-posterior diameter of shaft, 2.6

Measurements of Coracoid. {Ichthyomis victor. No. 1458.)

Length of humeral articulation, 6.

Greatest transverse diameter of humeral articulation, 3.2

Least transverse diameter of shaft, below articulation, 3.8

Vertical diameter of clavicular process, 5.

Transverse diameter of clavicular process, 2.5

Diameter of scapular articulation, 3.8

Length of glenoid i)roccs8, 4.

mm

mm
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Measxtretnents of Coracoid. [Irhthyoniis validus, No. 1440.)

Longest diameter of hunior.il art icuL-jt ion, 8.
"""

Transverse di inieter of huim-ral articulation, 4.2

Least transverse diameter of shaft, below articulation, 4.5

Vertieal diauieter of elavicular process, 5.5

Transverse diameter of clavicular process, - 3.

Measurements of Coracoid. (Apatomis celer. No. 1734.)

Left. Right.

Length of coracoid, 24.
""

Length of humeral articulation, 6.5

Transverse diameter of humeral articulation, 3.8

Diameter of shaft below humeral articulation, 3.

Verticil diameter of clavicular process, 5. 5.

Transverse diameter of clavicular process, 2.5

Diameter of sternal end, 14.

The Clavicle. (Plate XXIX, fi<jure 7.)

The only portion of the clavicle yet known among the Odoiitoformce is a

fi-ag-mont from the upper end of that bone, in Apatomis. This fra^ient is

considerablv flattened, probably in part by jn-essure. It presents no face

for artioidation with the coracoid, but tapers to a flattened point at tlie top,

where it is adapted for attachment to the acromial process of the scapula.

The Sternum. (Plates XXIII, XXIX, and XXXIV.)

The sternum in the type species oi Ichthyornis is deeply keeled, affording'

ample room for muscular attachment. The manubrium is broad, and some-

what unsymmetrical. The coracoid grooves are elongated, and overlap

widely across the median line, as in Ardea, and some birds of prey. As

usually occurs in living birds with this pecidiarity, the intier end of the

left coracoid was above that of the right. These grooves become shallow

near the middle, where the ridge of bone behind nearly disappears, but,

toward the outer end, the ridge is again well developed, and acute. The

lateral margins and all the posterior part of the sternum are absent from

the ty])e specimen of hhthyornis dispar.

The specimen oi Ichthyornis victor (number 1461) in wliich the sternum

is preserved shows a strong and deep keel, robust and prominent in front
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The manuLriuin closelv resembles that of TrWiyornbi dispar. The cora-

coid grooves overlap widely on the median line, the left being above the

riglit, as ill Tchthijornis dispar. The costal jjrocesses and the posterior

outline of the specimen are not preserved.

In the genus Apatornis, the sternum was keeled, as in Ichthi/ornis,

although the precise depth of the keel cannot be determined. The manu-

brium was narrower than in IchtJiT/ornis, and s}Tnmeti-ical, and ended in a

blunt ])oiiit. The coracoid grooves scarcely more than meet on the

median line, and the left is but little depressed below the riglit, the as}in-

metry being only about as great as in Gracidus dilophus, Gray. The costal

process is triangular, and the costal border presents six articular faces for

sternal ribs. The first of these is comparatively small and indistinct, and

is well in advance of the five succeeding ones. The latter are separated

by nearly equal intervals, each about two-thirds as long as the first. The

posterior outline of the sternum is much broken, but appears to have been

deeply emarginate.

The following measurements are taken from the specimens mentioned

above

:

Measurements of Sternum. {Ichthyornis dispar, Ko. 1450.)

Transverse diameter, near anterior end, 32.5

Depth of keel, as preserved, 10,

Measurements of Sternum. {Ichthyornis victor, Xo. 1461.)

Length of keel, at base, 34,

Maximum length of keel, -- 45.

Depth in front, - 13.5

Measurements of Sternum. {Apatornis celer. No. 1734.)

Greatest transverse diameter, — 33.

Least transverse diameter, 28.

ram
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CHAPTER XII,

THE WINGS OF ICHTHYORNIS AND APATORNIS.

(Plates XXIV-XXVI and XXX-XXXI.)

The wings in the two genera of OdoutotormcB clearly indicate very-

strong power of fliglit, thus differing as widely as possible from the corres-

ponding parts in Hesperornis. In Ichtlujorms, nearly all the bones of the

wings are well preserved, and these are all remarkably like those of some

carinate birds living to-day. These remains give but slight indications

of the reptilian features seen in the portions of the skeleton already

described.

The Humerus. (Plates XXIV and XXX.)

The lumienis in Ichthyomis is strong and well developed, thus differing

widely from that of Ilesperomis. The most striking feature of the bone

is the enoi-mous radial crest, surpassing in comparative size that of any

living bird. It is well shown on Plate XXIV, figure 3, re. This crest is,

moreover, remarkable for its position, which is in a plane nearly parallel

with the long axis of the head of the humenis, instead of consideral)ly

inclined to this axis, as in most birds. This fact is clearly shown by a

number of well preserved examples, including the type specimen of

Ichthyomis dispar (number 14r)0). In these two points, the humenis of

Ichthyomis sti'ongl}' resembles the corresponding bone in the Pterodactyles.

149
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The nearest a2iproach in size among modem birds to the radial

crest of Ichthyornis is perliaj^s to be found among raptorial species, where

its elongation along the shaft of the bone is considerable, but its height

is still proportionally much less than in the present genus. In Sterna,

this crest is even less than half the comparative size in Ichthyor)ns. The

idnar tuberosity is also well developed, and, like the radial crest, is

nearly in the same plane Avith the head of the Inunerus Ko pneumatic

foramina are to be seen in the specimens preserved.

The distal end of the humerus of Ichthyornis resembles that of the

genus Ardea, rather than Sterna, the ectocondyloid process being rejire-

sented only by a low tubercle. The shaft of the bone is hollow, with

moderately thin walls, and its length is about one-fifteenth less than that

of the ulna. In the genus Sterna, the hiunerus is about one-fifth less in

leng-th than the ulna^O'

imta

Dimensions of the humerus in tlie type specimen and in four other

species of the Odontotormce are given below

:

Measurements of Munierus. {Ichthyornis dlspar. No. 1450.)

Length of humerus, 58.0'

Gri-ati'st diameter of proximal end, 13.0

Diameter.s of proximal articulation, 3.0-10.0

Diameters of distal end,. - 9.6- 5.0

Least diameters of shaft, 3.0- 4.8

Length fnun ])r()xinial end to rise of radial crest, -

.

23.5

Transverse diameter, across radial crest, 12.0

Measurements of Ilumerus. {Ichthyornis dispar, "No. 1730.)

Length of humerus, 62.5

Greatest diameter of jiroxima) end, . 15.

Transverse diameter of proximal end, 3.1

Diameter of shaft, 5.2

Greatest diameter of distal end, 9.

Antero-posterior diameter of ulnar condyle, 5.

Measurements of Utimerits. (R-hthyornis victor, "So. 1742.)

Length of left humerus, 72

Greatest diameter of ]>r<i\imal eml, 17.

Diameters of proximal artieuhition, 13—4.

Diameters of distal end, 12.5-5.S

Diameter of shaft (a|>proximalc), - f'.5

mm

mm
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Measurements of Humerus. (Ic/i(/ii/ornis victor, No. 144V.)

Length of right humerus, 71.6

Antero-postcrior extent of proximal articulation, 17.6

Transverse diameter of proximal articulation, 4.

Transverse diameter of distal articulation, 11.2

Greatest diameter of radial condyle, 5.6

Measurements of Humerus. {Tchtfujomis victor, No. 1452.)

Greatest diameter of proximal articulation, 16.3'

Transverse diameter of ])roxinuil articulation, .3.9

Greatest diameter of distal end, 12.1

Greatest diameter of radial condyle, .- 6.

Measurements of Humerus. {Ichthyomis victor. No. 1457.)

Greatest diameter of distal end, ii.

Antero-posterior diameter of radial condyle,- 5.2

Vertical diameter of radial condyle, 6.5

Diameter of shaft, 5.5

Measurements of JFumerus. {^Iclithyornis tener. No. 1738.)

Greatest diameter of distal end, 7.5'

Antero-posterior diameter of radial condyle, 3.3

Vertical diameter of radial condyle, 4.5

The Radius. (Plates XXIV and XXX.)

Tlie radius like the other bones of the wing in Ichthyornis is strong

and robust. The proximal end is of moderate size, and presents a

sub-elliptic, slightly concave, articular face for the condyle of the humerus,

and a .slight lateral facet for the idna. Nearly opposite this facet, the

bone is distinctly tubercidated, and on the side toward the ulna at a short

distance from the proximal end is a distinct elongate oval facet, raised on

a tubercle above the general surfixce of the bone. This tubercle appeai-s

to give the shaft of the bone a short proximal bond toward the idna. It

then becomes nearly straight, until beyond the middle it cun-cs again

gradually toward the ulna, and at the end is moderately expanded and

thickened. The distal articular surface for the idna is indistinct, while

that for the radial caq)al is, iis usual, elongate and convex iu both

directions.

mm
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In the genus Apatornis, the face for articuhition with the liumeiiis is

nearly flat, Avliile the ulnar articular surface is more distinct, and extended

upon the side of the bone, as in Crraculus. The shaft of the radius is

hiilluNv in both genera of Odmitotormee.

The following measurements will show the principal dimensions of

the radius in this gi'oup

:

Measurements of Hadius. [lehthyornis dispar, No. 1450.)

Diameter of shaft, 2.0

Greatest diameter of distal end, 5.5

Least diameter of distal end, 3.0

Measurements of Radius. {lehthyornis victor, No. 1741.)

Length of radius, 71. ""

Greatest diameter of proximal end, 5.2

Least diameter of proximal end, 3.8

Diameter of shaft, 3.

Transverse diameter of distal end, 7.3

Least diameter of distal end, 4.

Measurements of Hadius. (lehthyornis victor, No. 1733.)

Greatest diameter of proximal end, 4.6

Least diameter of proximal end, 3.5

Diameter of sliaft, 2.8

Greatest diameter of distal end, 6.

1

Least diameter of distal end, 3.

Measurements of Radius. [Apatornis celer, No. 1734.)

Greatest diameter of proximal end, 4.2

Least diaiin'tcr of proximal end, 8.

Diameter of shaft, 2.2

mm

mm

Tin: Ulna. (Plates XXIV and XXX.)

The ulna in Ichfhi/oniis is a strong moderately curved bone, some-

what trilieflral ])roxinially, but becoming more nearly cylindrical toward

the distal end, whore it is also less curved than in the proximal half. The

surface for articulation with the hinnerus is jdaced more obliquely to the

shaft of the bono than iu iUcniu, and occupies a greatir j)ropoi-tiou of the
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proximal end than in that g-enus, agreeing^ better in both these reHpects

witli the ulna ot" Ardca. The shaft of tlu; bono is hollow, with thin

walls, and presents faint but nnniistakablu ovidenco of the attat-hnient

of about a dozen secondary quill-feathers. Tiie distal end of the ulna

resembles that of Ardea, rather than that of Sterna.

The dimensions of the ulna in three species of Ichthijornis are aa

follows

:

Measurements of Ulna. [Ichthyomia dispar. No. 1450.)

Length of ulna, - 62.

Diameter of shaft, - 2.6

Greatest diameter of proximal articulation, 5.0

Greatest diameter of distal articulation, - 6.V

Least diameter of distal articulation, - - 5.0

Measurements of Ulna. (Ichthyornis agilis. No. 1453.)

Length of left ulna, 75.

Diameter of proximal end, 9.

Diameter of distal end, 8.

Measurements of Ulna. (Ichthyornis validus,'^o. 1740.)

Length of ulna, -
68.5""»

Greatest diameter of proximal end, - 6.5

Transverse diameter of proximal end, - - 6.

Diameter of shaft, - — 3.1

Diameter of proximal end, across curve, - 6.

Greatest diameter of proximal end, - 6.2

The Carpal Boxes. (Plate XXX.)

The two bones of the carpus are presei-ved in the genus Apafornis,

and resemble the same bones in existing Carinatfe. They may be com-

pared with the con-esponding bones in a Connorant (Graeuhts dilophii.s.)

The radial carpal has a j'foximal articular surface, somewhat broader than

that of the Cormorant. The distal articulation, for the metacaqial, resem-

bles considerably the same face in Graeuhts, but the inner face, articu-

lating with the tdna, is proportionally more ti'ansverse, and shorter m the

line of the length of the wing.

20
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Tlie ulnar carpal is less perfectly preserved, its surface being too

much eroded to be certain of the limits of the articulations. The face for

the ulna is, however, easily recognizable, and is comparatively large.

The Metacarpals. (Plate XXXI.)

The ixnited metacarpal elements of Ichtliijornls fni-m a short ainl

decidedly robust bone, somewhat resembling that of Sfmia, but presenting

more points of resemblance to the genus Graculus. It is, however, jno-

portionally shorter and stouter than in that genus, and differs considerably

in its proximal articular sm-face, which is plane transversely, and oblique

tlu-oughout, with only one cm-vature. It is consequently destitute of the

gi'oove ordinarily seen at the ulnar side of this articulation, and the bone

presents no ti*ace of the depression in which this groove terminates in the

genus Graculus.

Of the three metacarpals, the first extends to the end of the proximal

one-foxirth part of the bone, and is moderately robust, and, proximally,

well elevated. Its distal articular sm-face is oblique to the axis of the

bone, looking forward, and toward the palmar sm^'ace of the wing.

The second of the united metacarpals appears to form by far the

greater part of the bone, as in most birds, and bears near the proximal

end of its palmar surface, a distinct and well elevated tubercle. The distal

half of the anconal suiface of this bone beare a groove, iimning obli(]uolv

toward the ulnar side of the bone, passing, near its distal termination,

close by the side of a distinct tubercle. A similar groove occiu-s in Sterna.

At the distal end, the bone is rather suddenly expanded, and the articular

surfxces, by which it is terminated, considerably resemble those of the

same part in Graculus.

Ilie shaft of the outer or third metacaipal is comparatively slender,

as in l)irds generally, and is nearl\ r\ liudrical medially.

TIic unitctl niftacarpals in tlii' genus ^Ijxitonii.i arc much more slender

than ill Iclillii/oniis, but the bone is still of modcratelv rol)ust jiroportions,

when compared with the same ]iart in modern birds of flight Its jjroxi-
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mal articular surface bears a resoniblanco to that seen in Graculus, differing

from that of Ichthyortiis in being gi-ooved along its ulnar side. The groove

temiinates in a distinct, though shallow, pit at the base of the ulnar,

or third, metacarpal.

Of the three united metacarpals, the fii*st is shorter than in Ichthyortiis,

and hardly extends beyond the end of the upper one-fifth of the bone.

Proximallv, it is well elevated, extending to a height almost equal to its

length. The articular foce is nearly as in Ichthyoruis.

The middle metacai-pal is less robust than in Ichthyoruis, but is still

short and strong, as compared with the same bone in many living birds of

flight, but does not differ greatly from that seen in Sterna. . The tubercle

near the proximal end of the palmar surface is well developed. The

groove seen along the distal half of the anconal siuface in Ichthyoruis is

comparatively ill defined, and the tubercle near the distal end of this

smface in that genus is very rudimentary, or only faintly indicated. Tlie

distal end is much less expanded than in Ichthyoruis, and the articular

sin*face comparatively smaller.

The outer or third metacarpal is more slender and flattened than in

Ichthyoruis, and bears, on its palmar surface, near the proximal end, a low

but distinct tubercle for muscular attachment

The more important dimensions of the united metacarpal bones in

Ichthyoruis and Apator)iis are given below

:

Measurements of Metacarpal. {Ichthyomis dispar, No. 1450.)

Greatest diameter of distal end, - 5.5""°

Transverse diameters of distal end, 4.0- 2.8

Diameters of shaft of second metacarpal element, 3.5- 2.2

Measurements of Metacarpal. {Ichthyomis dispar, No. 1V30.)

Length of metacarpal, - 31.5

Greatest diameter of proximal end, 9.6

Transverse diameter of jiroximal end, 3.2

Greatest diameter of distal end, 6.

Transverse diameter of larger articulation, 5.

Length of first metacarpal element, 5.2

mm
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JHeastiremeuts of Metacarpal. [Ichthyornia victor, Xo. 1T24.)

Length of right metacarpal, _ 39.5

Greatest cliaiueter of proximal end, _ 11.2

Transverse diameter of proximal end, 4.7

Transverse diameter of shaft of second metacarpal element, 4.

Transverse diameter of shaft of third metacarpal element 1.7

Greatest diameter of distal end, 7.C

Transverse diameter of larger articulation, 5.5

Length of first metacarpal element, 7.

Measurements of Metacarpal. {IchthyornLs anceps, Xo. 1208.)

Greatest diameter of distal end, 6.75

Least diameter of distal end, 3.5

Transverse diameter of outer articular face, 5.

Vertical diameter of outer articular face, 2.25

Measurements of Metacarpal. {Ichthyornis agilU, Xo. 1209.)

Vertical diameter of proximal articulation, 6.

Transverse diameter of proximal articulation, 5.

Transverse diameter of shaft, 3.i

Measurements of Metacarpal. {Apatomis celer. No. 1734.)

Length of right metacarpal, 3C.

Greatest diameter of proximal end, 8.5

Transverse diameter of proximal end, 4.

Diameter of shaft of second metacarpal element, 2.8

Diameter of shaft of third metacarjial element, 1.

Greatest diameter of distal end, 4.5

Transverse diameter of distal end, 3.2

TiiK Wing Phalanges. (Plato XXXI, fig-ures 5-S and 16-19.)

Tlio first phalaii.\ of tho median or second digit of tlio wing- (number

172fi) is in Trhthi/ornis a robust bone, but tapers rapidly in its shaft from

the proximal toward tlio distal end. ( )u the ulnar side, it is, however,

considerably exj>anded, and the thin extension is in most of the specimens

thorouglily ossified, and supported on its anconal surface bv two obli(pie

ridges. Of these ridges, the first arises near tho ])roximal end of the bone,

and is only faintly indicated, (U- is ])artly confluent Avith the oblique margin

of tlic ('\p:iusi()U. It ends in a prominent thickening at the margin of

llie bone. Tlie .seeoud ridge arises near the middle of the Ijone, and passes

mm
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oLliquely across tho expansion, to end in a tliickenin{r, near tlie middle of

its margin.

On each side of tliis ridge tlie bone becomes so thin as to be translu-

cent, and in specimen number 1759, the ossification ajjpears to have been

incomplete, so that a minute foramen is left in the proximal thin portion,

and a larger foramen in the distal 2)art of the expansion. In nmnber 17oo,

a small foramen exists in the distal part of the expansion only, and even

this may possibly liave been the result of partial crushing. The distal part

of the expanded portion is thickened, and produced into a flattened hook-

like process, beyond the end of the bone, but this is broken off from most

of the specimens jjreserved.

The proximal articular surface consists of a sub-circular shallow con-

cavity on the idnar and jjulmar side, and a somewhat crescent-shaj)ed

sm-face. This crescent is blunt at the ends, and extends through a little

more than a quarter of a circle around the sub-circular face, so as to

admit only of a slight rotary motion, the joint being somewhat like the

peg-and-socket articulation seen in the toes of Eesperorms. The shaft

of the bone is flattened on the radial side, and, on the anconal surface,

just beyond the middle, is a distinct scar, extending obliquely across

the shaft A similar elongated scar is seen on the palmar surface of

the bone, near the distal end of the ulnar expansion.

The distal articular face is subquadrate in outline, broadest on the

radial side, where it is flattened, while the idnar portion t)f the fjice is

smaller and convex, and is separated by a groove from the radial ])art.

The palmar surface of the ulnar exjiansion of the bone is excavated proxi-

mally, while distally the excavation is more prouoimced on tlie anconal

surface.

The proximal phalanx of the median digit of the wing of Apafoniis

(number 1734) is comparatively much smaller than in Ichtliyoru'is, and, as

in that genus, the shaft tapers rapidly tOAvai-d the distal end. The

expanded portion on the ulnar side is about in the same projxtrtion as in

tbat genus, but it is less evidently strengthened by oblique ridges. It is

also more nearly of uuifonu tliickness, being bai-ely ti-anslueeut at any
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point, and only moderately tliickened at the edge. An oblique ridge is,

however, slightly indicated, passing aci-oss the expansion fi-om near the

middle of the shaft of the bone toward the outer margin, but low through-

out, and indicated at the margin by only a very slight thickening.

Beyond this thickening, the margin is suddenly excavated, and the ter-

minal hook-like process, seen in Ichtlujornis, is wanting. The ai-ticular

faces resemble those of Ichthyornis, and there is the same distinct scar

just beyond the middle of the anconal sm-face of the shaft, and also near

the distal end of the ulnar expansion on the palmar side.

The second jjhalanx of the same digit is slender, and tajjers from the

proximal end to a blunt point disttdly. The proximal articular face is

nearly flat, or slightly concave, sub-triangular in outline, with a prominent

lobe at the radio-palmar angle of the surface. From the base of this

lobe, a gi'oove is continued a short distance upon the bone. The front or

radial side of tliis bone, like that of the phalanx supporting it, is nearly

flat. The exterior or anconal sm-face is excavated at the base.

The first phalanx of the third digit is imperfectly preserv'ed in Ichtliy-

ornis victor (number 1775), and somewhat resembles the corresponding

bone in Graculus dilophus, Gray. It is, however, rather more flattened

])roximally than in Graculus, and the articular surface is sub-oval. The

shaft expands slightly on the radial side near the proximal end, and much

more decidedly on the ulnar side a little farther along, where it reaches its

greatest diameter. It then tapers rapidly, and is broken oft' apparently a

little beyond the middle of its length.

Tlie main dimensions of the different of phalanges described above

are as follows

:

Measurements of First Phalanx of Second Digit. (^Ichthyornis victor. No. 1463.)

Length of shaft, 21

Grcitest diameter of pro.xiinal end, 6.8

Transverse dianu-ter of proximal end, 5.2

Vertical diameter of ])roximal eud, 4.2

Least diameter of shaft, 2.8

(ircatest diameter of shaft 7.6

Transverse diameter of distal end, 4.2

rum
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JUeasurements of same bone. {Ic/il/iyomia victor, No. 1 726.)

Li-ngth of shaft, SO.S"'""

Traiisvirse diainuter of shaft, •"'•8

Greatest vertical diameter of shaft, 8.

Transverse diameter of ])r>>.\iinal end, 5.

Vertieal diameter of ]>r()xinial end, 4.0

Transverse diameter of distal end, - 6.

Greatest diameter at distal end, 7.

Measurements of First Phalanx of Tliird Digit. {Ichthyornis victor. No. 1775.)

Diameters of jtroxiinal articidation, ..1.4-2.4

Greatest diameter of sliaft, 4.2

Length of part preserved, 8.5

Measurements of Wing Phalanges. {Apator/iis celer. No. 1734.)

Length of first phalanx of second digit, 14

Greatest diameter of pro.\inial end, 4.2

Least diameter of proximal end, 3.

Least diameter of shaft, 2.

Greatest expansion of shaft, — - 5.5

Greatest diameter of distal end, 4.2

Transverse diameter of distal end, - 3.

Length of second phal.anx of second digit, 13.

Greatest diameter of proximal end, - 3.

Least diameter of proximal end, 2.5

mm





CHAPTER XIII.

PELVIC APvCn OF ICIITIIYOKXIS AND APATORXIS.

(Plates XXII, XXVIII, and XXXll.)

The pelvic arch in tlie two known g-enera of Odontotornife exhibits

seme interesting- reptilian characters, one of which is seen also in

Ilesperornis. This portion of the skeleton is small in comparison with

the pectoral arch, coiTesponding to the diflerence in size between tlie

wings and the feet.

The Sacrum. (Plates XXII, and XX^^II.)

The saciiim is well preserved in the type specimen of Ichthyornis

(Hs])ar (number 1450), and appears to be composed of ten imited verte-

bra}. The centra of these vei-tebrse are thoroughly cocissified, and in the

anterior part of the sacrum they are also considerably reduced in diameter.

The anterior articular face is slightly concave. The neural spinjes are

moderately developed in the anterior part, and are united with ossiried

tendons, which diverge posteriorly, and form a flattened upper surface in

the median part of the sacrum. The middle })art of the sacnim is much

crushed below, in the present specimen. The more posterior centra are of

moderate size, and the articular face of the last is depressed, and distinctly

concave.

The transverse processes of the seventh sacral are well developed,

and stand nearly at right angles to the axis of the sacrum. Those of

the eighth and ninth are distant and divergent, those of the ninth vertebra

being directed strongly backward. The anterior three pairs of transverse

21 161
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processes have their faces for articulation with the ilium directed outward

;ui(l upward, and are supported ])y n sliaft of greater or less length. In

the region of the next three vertebrae, the sacrum has been crushed, but

the processes appear to have been nearly sessile, and t(j li;ne abutted

almost vertically against the ilia.

The sacrum of Ichthyornls differs from that of the Teiii in having

only ten vertebne in the coossified sacral series, while there are thirteen

in Sterna reqia. The sacrum appears also to have been somewhat nar-

rower in tlie dorsal region. The sti'ong transverse bar of bone ninning

across between the ilia, just behind tlie acetabula, and fonned in the Teni

by the transverse processes of the ninth sacral, is in Ichthyornis formed by

the jirocesses of the seventh vertebra. This is followed by only three

more vertebrse, instead of four as in Sterna. The posterior portion of the

sacrum is thus seen to be much shorter than in Hesperoruis, and the

whole structure is broader, and not so perfectly coossified, indicating a

coirespondingly less degree of sti-ength in the pel^^c region, and less use

of the leg's.'D"

Tu ilio type specimen of Apatornis (number 1451), the portion of the

sacrum preserved is, unfortunatelv, crushed from a lionzontal, instead of

a vertical direction, as in Ichfhi/or?ns disjjar, so tliat a comparison of the

two is made difficult. The anterior end is, moreover, wanting, but there

are clear indications of ten united vertebra;, and probably at least one

more in front of those preserved. The neural spines are united with

coossified tendons, and the latter do nt)t appear to expand posteriorly over

as broad a region as in Ichthi/oniis. The transveree processes ju'eserved

in this region appear to coiTespond with the second and tliinl of tlie

Ichthyornis sacniin. riie portion of the united central eolunni preserved

])resent.s, at its anterior end, faint indit Mtious of enlargement toward its

anterior articular face, wliieh was doubtless, as in Ichthyornis, consider-

al)ly larg'er than tlie centra just behind it.

( )f the transverse! processes, the second preserved is nuu'h nu)ro

robust than the one in front of it, ])nt the four following are lost.
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They correspoiul with only three .such j)rocesse8 in the type of Jrhtlnj-

ornis IJehinil these processes, the central jjortion of the sacrum is

thickened below, and sends oft' a strong transverse process on each side,

nearly at right angles with its axis. Behind this, are three pairs of trans-

verse processes directed well backward. The second of these is preserved

in the specimen, and fomied a strong ])rocess for attachment with the

ilium. The last jtair of i)rocesses were short, and the indei)endence of the

vertebral centrum to which they were attached is indicated by a tuber-

cular thickening at the point where the last sacral centiimi has coalesced

with the preceding. The posterior articidar face of the last centi-um is

somewhat concave, and is nearly semi-oval in outline, being strongly

flattened above for the neural canal.

Measurements of Sacrum. {Ichthyornls dispar. No. 1450.)

Length of sacrum, - 2C.2

Vertical diameter of anterior end of first centru'm, 3.0

Transverse diameter of anterior end of first centrum, 3.2

Least transverse diameter of centra, 1-2

Vertical diameter of posterior end of last centrum, — 1.2

Transverse diameter of posterior end of last centrum, 2.0

Greatest transverse diameter of sacrum, 10.5

Measurements of Sacrum. (Apatornis celer, No. 1451.)

Length of portion preserved, 2V.5'

Transverse diameter of last centrum at articulation, 2.5

Vertical diameter of last centrum at articulation, 1.8

Vertical diameter of sacrum, near proximal end, - 7.0

The Pelvic Bones. (Plate XXXII.)

The pelvic bones in Ichthyornis (Plate XXXII, figures 2 and 3) are

strouiilv coussified with each other. The ilium is ol)tuselv rounded in

front, and its antero-superior border is separated a short distance from its

fellow. The pre-acetabular part of the ilium is concave externally, and

considerably longer than the posterior jwrtion. Tho ischium is expanded

medially, and extends further back than the iliimi. It is not united with

tho ilium posteriorly, thus agreeing with tho coiTCsponding part in Ilcfpcr-

oniis. The pubis has lio distinct anterior i^rocess, btit the post-pubic

element is elongated, and its distal portion fiee.

mm
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Measurements of Pelvic Bones. {Ichthyomis victor, No. 1732.)

Distance across pelvis between upper margins of acetabula, 20.

Extent of ilium, in front of acetabulum, 20.

Greatest breaJth of ilium, in front of acetabulum, - 8.5

Least breadth of ilium, in front of acetabulum, 5.

Height of ilitmi, above acetabulum, 4.

Extent of ischium, behind acetal)ulum, 22.5

Vertical diameter of shaft of ischium, 3.5

Greatest vertical diameter of ischium, 5.8

Transverse diameter of shaft of ischium, - 1.5

Extent of pubis, behind acetabulum, - 2G.

Vertical diameter of shaft, ._ — 1.5

Vertical diameter of pubis, at distal end, - 2.5

The peh-ic bones of Apatornis (Plate XXXII, figm-e 1) are very

similai' in form and proportions to those of Ichthyornis. The pre-acetabiihir

part of the ilium is much more extensive than the posterior portion. The

acetabulum is perforate, but the foramen («/) is of moderate size. The

ischium does not coalesce with the posterior part of the ilium, and its

distal end was free, as in Ichthyornis and Hesperornis, and a few modei-n

reptilian birds. The post-pubic element of the pelvis is longer than in

Ichthyornis^ and also much longer than the ischium.

Measurements of Pelvic Bones. {Apatornis cekr, No. 1732.)

Length of ilium, - - 50.

Distance from front of ilium to distal end of pubis, 62.

Dist.ince from front of ilium to dist.al end of ischium (approximate, 57.

Extent of pubis, behind acetabulum, 32.

Extent of ischium, behind acetabulum (approximate), 26.5

bim



CHAPTER XIY.

THE CAUDAL VERTEBRAE OF ICIITIIYORXIS.

(Plates XXVIII and XXXIV.)

The tail in Ichthi/ornis is notable mainly for being of tlie modem
ornithic type, thus widely diflering from that of both Archaopteryx and

Hespcrornis, the only other two Mesozoic birds in wliich this organ is pre-

served. The tail in the genus Ichthyornis was comparatively short, and

the teraiinal vertebrae were coossified.

A series of seven caudal vertebrai are preserved in one specimen of

Ichthyornis victor (number 1732), and are figured on plate XXVIII. They

pertain to the median and distal part of the tail, although not including

the extreme end, a portion of the i^yyostyle, or the part formed by the

united centi-a of the tenuinal vertebra;, being lost.

Of the vertebne preserved in this specimen, the fii-st, probably from

the middle region of the tail, has in front a slightly concave articular

surface, transversely oval in outline, with the xipper margin nearly

straight. Back of the articular face, the centrum is moderately constricted

below, to expand again for the posterior face, but at the sides the centrum

expands immediately to form the transverse processes. The latter are

directed nearly horizontally outward and backward, and onlv slightly

downward. Tliey are as broad at base as the side of the centrum, but

are both crushed and broken, a short distance from their origin.

1G5
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Tlie neural canal is of moderate size in this vertebra, and from its

walls a pair of well developed pre-zygapophyses project forward. They

extend in front of the end of the centrum by nearly half their length, and

bear at the end small subcircular facets for articulation with the preceding

vertebr.TB. These facets look nearly downward as in Kyctea, and the

small, sessile facets on the posterior walls of the neural canal, representing

tlie post-zygapophyses, look upward and somewhat outward. This is an

interesting exception to the well known rule of the position of zygapo-

physes, and the attention of the writer was first called to it by his assistant

in Palaeontology, Mr. Oscar Harger.

The neural sj^ine in this specimen is broken off, but is seen in section

to be hollow. The posterior articular face of the centmnn is slightly more

concave than the anterior, and its upper outline is nearly straight

The second caudal of the series preserved considerably resembles the

preceding. As in that vertebra, the anterior articular surface is slightly

concave. In outline, this surface is a nearly regular oval. On the under

sm-face, the centrum is somewhat excavated, so as to appear hour-glass

shaped, expanding posteriorly to the articulation. The bases of the

transverse processes, as in the preceding vertebra, occupy the entu'e

lateral sm-face of the centi-um. These processes are directed sti-ongly back-

ward, outward, and somewhat more downward, than in the preceding

vertebra. The neural canal is much as in tliat vertebra, or perhaps slightly

sniaHer, and the pre-zygapophyses are well developed, and supported

articular facets. They are smaller than in the vertebra in front, and j)ost-

zvgapophyses are not to be distinctly seen, partly, however, it may be,

from tlie imperfect condition of the specimen. The neural spine is broken

awav ill tills vertebra. The posterior face of the centiiiin is slightly con-

cave, like the anterior, and is a liith' more transverse, with the upper

outline nearly straight.

Tliu third caudal preserved in the present series is rather loss jierfect

than the two preceding it, but has the transverse jirocesses in fair jireserva-

tiou. The centi'uui has been crushed from above downwai'ds, but its
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articular faces were both concave, and it is niedially constricted below, like

the other vertebra;. The transverse processes have been flattened by pres-

sure. Their bases occupy the wliole lateral surface of the centnmi.

They are directed a little less strongly backward than in the preceding

vertebra, and attain about the same length as in that specimen. The neural

canal was of good size, but its walls are broken away just above their base.

The fourth vertebra in this series of caudals is very imperfectly

preserved. As in the preceding vertebrae, the articular faces were both

slightly concave, ami the lower surfiice of the centrum presents the

ordinarv hour-glass form. The transverse processes are strong, and

occupy the whole lateral part of the centnim. They stand a little less

obliquely than in the preceding vertebrte. The distal ends of both ti-ans-

verse processes are wanting. The nem-al arch is almost entirely wanting,

but the floor of the neiu-al canal shows that it retained considerable size.

The fifth of the series of caudals preserved has a slightly shorter

centnmi than those that precede it. The articular faces are nearly cir-

cular. The anterior one is decidedly concave, the posterior very moder-

ately so, or nearly flat. Tlie inferior surface of the centnim is somewhat

hour-glass shaped, as in the preceding vertebrte. The transverse pro-

cesses, as in tlie other vertebrae, have a large base, occu])ying nearly the

whole of the lateral surface of the centnmi, but they taper very rapidly.

They are short, and directed outward, nearly at right angles with

the axis of the centnmi, and somewhat do^^^lward. The under surface of

the centrum presents a faint median groove extending its whole length,

and at each end of the groove a low tubercle is seen on each side.

The last of this series of caudals of JchtJiyoniis consists of a portion

of the united temiinal vertebra?, or jiygosttjk. The part preserved consists

of the first centnim and part of the second united with it ; the correspond-

ing neural arches and part of the neural spines, extending back probably

to and including a part of the third spine, at which point it is broken ofl".

The centrum preserved differs principalb' from those that precede it in
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the entire absence of transverse processes. The anterior articular face is

nearly circular, but flattened in outline above, and is concave. Behind the

articular face, the centrum tapers rapidly ; and its entire upper siu-face is

occu])ied by the neui-al canal. The walls of the canal rise from each side

of tlic centrum, enclose a triangular neural canal, and are sumiounted

A\ ith a very short or rudimentary neural spine. Only a small pai-t of the

centrum of the second vertebra of the jyyo^^^^if^^ is preserved. Tliis is

closely united Avith the first centrum, without trace of suture, as are also

the nem-ul arch and spine to the coiTespondiug parts of the fii'st veitebra.

The following measurements give the dimensions of the consecutive

caudal vertebrae above described

:

Measurements of Anterior Median Caudal. {Ichthyornis victor, No. 1732.)

Length of centrum, 3.1

Transverse diameter of anterior articulation, 3.

Vertical diameter of anterior articulation, 2.2

Transverse diameter of posterior articulation, 3.

Vert ical diameter of posterior articulation, 2.5

Diameter of vertebra, across transverse processes, 8.

Diameter of vertebra, across pre-zygapophyses, 3.6

Diameter of vertebra, across post-zygapophyses, 2.8

Vertical diameter of neural canal, 2.

Measurements of Median Caudal. {Ichthi/ornis victor. No. 1732.)

Lengtli of centrum, _ 3.2'

Transverse diameter of anterior articulation, 3.

Vertical diameter of anterior articulation, 2.4

Transverse diameter of jxjsterior articulation, 3.2

Vertical diamet cr of post erior art iculat ion, 2.5

Diameter of vertebra, across transverse processes, 9.5

Diameter of vertebra, across ])re-zygapopliy8es, 3.

Vertical diameter of neural canal, 1.0

Measurements of Median Caudal. {Tchthyornis victor. No. 1732.)

Lciiglli of cent nun, 3.6°"°

Transverse diameter of anterior articulation, 3.

Triuisverso di.araeter of posterior articulation, 3.

Diameter of vertebra, across transverse processes, 11.5

mm



CAUDAL VKKTKHH.E OF IfirTIIVOUXTS. 169

Meamrements of Posterior Caudal. {TchthyomU victor, No. 1732.)

Length of ci'iitnini, 3 2nim

Tr.insvcrsc diiunc'tiT of anterior articulation, 3.

Vertical diameter of anterior articulation,. 2.4
Transverse diameter of jiosterior Mrticiilation, 3.2
Vertical diameter of posterior articulation, 2.8

Measurements of Posterior Caudal. {Ivhthyoruia victor, No. 1732.)

Length of centrum,
_ 3.4"'"'

Transverse diameter of anterior articulation, 3.

Vertical diameter of anterior art icnlat ion, 2.6
Transverse diameter of posterior articulation, 3.

Vertical diameter of posterior articulation, 2.6

Diameter of vertebra, across transverse processes, 8.2

Meamirements of First Vertebra of Pygostyk. {Ickthyomis victor, No. 1732.)

Transverse diameter of anterior articulation, 2.5"""

Vertical diameter of anterior articulation, 2.5

Vertical diameter of neural canal, 1.5





CHAPTER XY.

LEGS A25D FEET OF ICHTIIYORNIS AND APATORNIS.

(Plates XXV, XXXIII and XXXR^)

The legs and feet in the two genera of Odontotormce are comparatively \

small, and present no peculiar features. Tlie remains preserved agree

most nearly witli tlie con-esponding parts in modem Carinate birds.

The Femur. (Plates XXV and XXXIII.)

Tlie femur in Icldhyornis is a short and comparatively small bone.

The shaft is slender, and neai-ly smooth, being destitute of the nigosites

seen on the femur of Hcspcrornis. Both the articvdar faces present the

ordinary avian type of articulation, and the shaft of the bone is hollow,

with thin walls. The ratio of the fibular face to that for the tibia is

about the same as in the Tern, and the general proportions of the bone, as

to length, diameter of shaft, and size of articular faces, are nearly the same

as in that bird. The femui* of Ichthi/ortiis, however, is more than half the

length of the humerus, while in Sterna the femur is less than half as long

as the humerus.

The fenuu" of Apatoruis is proportionally larger than in Ichthyornls.

The shaft is hollow, with thin walls, and the whole bone is neai-ly smooth,

as in most modem birds. There is, however, just behind the outer

condyle, on the inferior surface of the bone, a well marked i)it for the

attachment of a ligament, and just behind the inner condyle, on the same

surface, is a low tubercle. The lateral smfaces of both condyles are also

171
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sliglitly roug-liened, but not more so than in Cohjmhm. The precise leng-th

of the femur, and, of course, its length as compared with that of the tibia,

cannot be detennined; but the leg was evidently more strongly built than

in Ichthi/oniis, while tlio Avings appear to have been less powerful.

The femur in the type specimen of Ichthyornis has the following

dimensions

:

Measurements of Femur. [Ichthyornis dispar, Xo. 1450.)

Length of femur,. _ SO.o"""'

Diameter of bead, - -- 2.8

Greatest diameter of proximal end, 6.0

Diameters of shaft, 3.0-2.5

Transverse diameter of distal end, 6.0

Antero-posterior diameter of inner condyle, -- 4.0

Antero-posterior diameter of outer condyle, 4.5

Antero-posterior diameter at fibular articulation, 3.5

The Tibia. (Plates XXV and XXXIII.)

The tibia of Ichthi/oniis dispar is a slender bone of moderate length.

The cnemial process is but little developed, and only slightly elevated

above the articular face of the bone. The shaft was hollow, with rather

thin walls, and was gently curved inward toward its distal end, rather

more strongly than in the Tern. In section, the shaft was transversely

oval. The fibular ridge arises just below the outer articular face, and is

continued downwards until broken off by a fracture of the shaft, as seen

in plate XXV, figs. 5-8. It is probable, however, that the ridge continues

but a short distance farther on tlie shaft. The distal portion of the shaft

preserved shows no trace of a fibular ridge. It is gently curved inward,

and expands gradually to the articulation. Toward the distal end, the

shaft becomes more fiattened, and is excavated in front for the ])assage of

tendons, which were not, however, kept in place by an osseous sui)raten-

dinal l)ridge. The articular face has been somewhat injured by compres-

sion iu the tvpe specimen (number 1450), but seems to have resembled

in general Imiih that seen in the Tern, although of comparatively less

untero-posterior diameter.
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The tibia in Apatornis is somewhat larger and stronger than in

Ichthijornis. The proximal end oi the bone is unknown, and the upper

part of the shaft is much cnished and mutilated i^i the specimen preserved.

Distally, it is straighter than in Iclitliyonii.s, and expands to about the same

degree. As in that genus, there is no osseous supratendina! bridge, nor is

there any apparent roughening for the attachment of the end of the fibula.

The measurements given below indicate the size of the tibia in several

specimens of the Odontotonnce

:

Measuremetits of Tibia. (Ichtht/oriiis dispar,'So. 1450.)

Greatest diameter of proximal end, S.O"*"

Greatest antero-posterior diameter, ._ 4.5

Transverse diameter of shaft, including fibular ridge, 4.0

Transverse diameter of shaft, below fibular ridge, 2.8

Antero-posterior diameter of shaft, below fibular ridge, 2.0

Greatest diameter of distal end, 5.0

Antero-posterior diameters of distal end,.. 4.0-2.0-4.0

Measurements of Tibia. {Ichthyornis dispar. No. 1723.)

Length of tibia, .- 57

Transverse diameter of shaft, 3.

Transverse diameter of distal end, 5.3

Antero-posterior diameter of inner condyle, 4.

7

Antero-posterior diameter of outer condyle, 4.1

Measurements of Tibia. {Ichthyornis victor, Ko. 1732.)

Length of tibia, 67.

Diameter of shaft, 3.

Transverse diameter of dist.al end, 6.1

Antero-posterior diameter of outer condyle, 5.

Measurements of Tibia. {Apatornis celer, "So. 1734.)

Transverse diameter of distal articulation, 6.5°""

Least antero-posterior diameter of distal articulation, 3.

Antero-posterior diameter of outer condyle, 5.5

Antero-posterior diameter of inner condyle, 6.

Transverse diameter of shaft, 4.

mm

mm
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The Fibula. (Plate XXXIII.)

The fibula of Apatornis appeai-s to have been as much reduced in size

as in most existing Ijirds. In one specimen (number 1734) it is a

slender rod, moderately thickened above, and tapering to a point at the

distal end, where its attachment to the tibia appears to have been as slight

as in any living bird.

The following are the main dimensions of the fibiila in this specimen

of Apatornis

:

Measurements of Fibula. [Apatornh celer, No. 1734.)

Length of fibula, 28. """

Transverse diameter of proximal end, 2.5

Antero-posterior diameter of i^roximal end. 1.

Greatest transverse diameter of shaft, — 2.5

The Taeso-metatarsus. (Plate XXXIII.)

The tarso-metatarsal bone of Ichtliyornis appears to be composed of

the same number of elements, united in the same degree, as in living bu'ds,

a condition similar to that prevailing in the ANang. The resulting tarso-

metatarsal bone may be compai'ed with the same bone in the Tern, which

it considerably resembles, although rather more robust in proportion to

its length. On the proximal end, the articular faces are slightlv less

excavated than in that genus. The posterior part of the iipper end is

imperfectly preserved, but a "calcaneal process" was present, though

probably not as well developed as in Sterna. The anterior foce of the

shaft is excavated proximally, and perforated by a small foramen between

the upper ends of the third and fourth united metatarsals. On the posterior

surface of the bone, a shallow groove runs down from the foramen along

tlie shaft, indicating the line of suture between these met«atarsals, and a

similar parallel groove behind shows the line of union of the second and

tliird metatarsals.

On till} anterior aspect of the middle metatar.><al, and just below its

proximal end, is a prominent tubercle, evidently for the attachment ot

the lihialis anficu-'i. Tlio broad gioovo on the anterior face of iho tarso-
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metatarsus, over the nuddlo element, dies out rapidly downward, and the

bone tapers somewhat to near the distal end. Wliere the diameter

is least, the section is nearly oval, but the regidarity of the oval is

somewhat intemipted by the shaft of the fourth metatarsal, which is indi-

cated by a ridge naming the entire lengtli of bone. Near its distal end,

it is moreover separated from the adjoining third metatarsal Ijy a foramen

•which is nearly as large as in the Tent, but is separated by a much weaker

osseous bar from the interval between the two articular ends of the bones.

Of the three distal articular faces, the middle is the largest, and most

advanced. The outer or fomth stands but little back of the middle, and

is directed well outward, being more oblique than in the Tern. The
face of the second metatai-sal is considerably behind the other two, and is

more oblique than the foiu-tlu It is also the smallest of the three faces.

The tlu-ee articulation.s are slightly more divergent and oblique than in the

Tern, but they are more nearl}- in a transverse line than in that bird.

They are also broader, with less extension vertically.

The dimensions of the tai-so-metatarsal bono in tlu-ee individuals of

Ichthyornis axe as follows :

Measurements of Tarso-metatarsal. {Tchthyornis victor, Xo. 17.19.)

Length of tarso-metatarsal, _ 58_ ma

Transverse diameter of shaft, 3_5
Greatest diameter of distal end, 9_

Transverse diameter of inner articulation, 3_g

Vertical diameters of inner articulation, 2.6-2.1-3.

Transverse diameter of median articulation,. 2.6

Vertical diameters of median articulation, --.3.8-3.1—1.
Transverse diameter of outer articulation, - 2 6
Vertical diameters of outer articulation,- -_- 3.8-3.-3.4
Transverse diameter of proximal end, -- 7

Measurements of Tarso-metatarsal. {Ichthyornis victor, No. 14G4.)

Greatest diameter of distal end, - - _ 9
Transverse diameter of inner articulation, 3_

Vertical diameters of inner articulation, 2.0-2.2-3.2
Transverse diameter of median articulation, _ 3^

Vertical diameters of median articulation, - 4.-.3.5-4.

Transverse diamefer of outer articulation. 2.9
Vertical diameters of outer articulation, 3.9-2.8-3.2

mm
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JUeasurements of Tarao-metatarsal. (Ichthyornia victor, No. 1456.)

(Tfoatest diaiiiotcr of dist.il end, 9.
"""

Transverse diameter of inner articulation, 2.0

Verticil diameters of inner articulation, 2.4-2.1-.3.

Transverse diameter of median articulation, 2.7

Vertical diameters of median arliculatum, ..3.4-2.8-3.6

Transverse diameter of outer articulation, 2.5

Vertical diameters of outer articulation, 3.1-2.4-3.

The Phalanges.

A single jilialaiix, jirobaljly from the middle or perhaps from the outer

toe, is preserved in specimen number 1732, and is figured on Plate

XXXIII, figure 8. The proximal articular face is divided by a median

ridge, separating two not very unequal grooves. The shaft is slender and

tapering, rounded above, and flattened below. It is temiinated by a

medially grooved distal articular face, as in ordinary birds, without any

indication of the peg-and-socket articulation, seen in Hesperornis and some

other swimming birds.

Measurements of Phalanx. {^Ichthyomis victor, Xo. 1732.)

Length of pb.ilanx, 9. °""

Vertical diameter of jiroximal end, 2.4

Transverse diameter of jiroxinial end, 2.2

Vertical diameter of distal end, 1.4

Transverse diameter of distal end, 1.8



CHAPTER XYI.

THE RESTORATION OF ICIITIIYORXIS.

(Plates XXVI and XXXIY.)

The preceding description of the remains of Ichihyornis, in connection

with the ilhistrations given in Plates XXI to XXXIV, will make known

most of the more important characters which sejiarato these remarkable

Mesozoic bii'ds from all others, recent or extinct. The material on which

the present restoration of two species of this genus are made consists of

portions of more than seventy different individuals. Xone of these various

skeletons were as complete, when foimd, as were several of Hesperorms,

from the same fonnation. This was no doubt mainly due to the smaller

size, and more fragile character, of the individual bones of Ichthyorn'is

The restoration of Apatorms, evidently a near ally of Ichtliyoniis, has not

been attempted, as the specimens at present available for this pui-pose are

not sufficiently numerous or complete.

In the restoration of Ichthyorn'is dispar, as given on Plate XXVI, only

tlie remains of the t^-pe specimen are figm-ed, as it was deemed

important to show the exact material on which the genus was based.

These portions are shaded in the restoration, and are of the natural size.

The bones represented in outline are taken in part from other specimens of

the same species, bvit mostly from the skeleton of the Royal Teni (Sterna

rcyia, Gauibel), which, after a careful comparison, seemed well adapted for

completing, approximately, the restoration here presented. The position

chosen is one which seemed on the whole to accord best witli the remains

at present known.

23 177
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Tlio restoration of Ichthyortm victor, on Plate XXXW, is also of

natural size, and is based on more complete material, including portions

of several skeletons. The other species of the genus Ichthijornis did not

differ widely from these in size, and this is true also of the known specimens

oi Apatornls.

In considering the skeleton of Ichthijornis, the anatomist is at once

confronted -with a strange combination of characters. The wing-bones are

conclusive proof that Ichthijornis was a highly specialized bird, with great

powers of flight. The individual bones correspond closely with those of

bh-ds living to-day. The legs and feet, also, are much like those of some

modern birds. With these portions alone before him, the comparative

anatomist would unhesitatingly refer the remains to the class of Bu-ds, and

would natm-ally conclude that the}' belonged to the modem t}'pe. If,

howevei', the skull should then be found with the wings and feet, very

strong evidence would be i-equu-ed to convince him that they were parts of

one and the same bird. The jaws and teeth present reptilian characters

wholly luiknown in modem birds, while the base of the skull and the small

brain point strongly in the same direction. The biconcave vertebrai lead

Ichthyornis still farther away from all known birds, recent and extinct, and,

if fomid alone Avith the jaws and teeth, would force any anatomist to the

conclusion that he liad before him the remains of a reptile.

The skeleton of Ichthyornis, as we know it to-day, can be interpreted

only, in the light of modem science, by supjiosing that certain parts have

become highly specialized in the dh'ection of recent birds, while othere

have been derived, with but little change, from a reptilian, or even a moi*o

lowly, ancestry. In the wings, the most characteristic modern feature is the

coossification of the metacarpal Ijones, a character imiversal among existing

birds. In reptiles, however, and in the oidy known Jm'assic bird,

Arch(CO])tcry.c, these bones are separate. The stomum of Ichthyornis is

very similar to that of modem carinato birds. In the feet of Ichthyornis,

also, the compound tarso-metatarsal is another modern featiu-e, especially

characteristic of I'ocent birds.
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If, now, wo consider the skull of Ichtlnjornis, we find tlio avian and

the reptilian characters stranf^ely blended. The teeth are evidently a

strong reptilian feature, and, before the discovery of Ichtlnjornis, were

entirely unknown in the class of Birds, llieir method of implantation in

distinct sockets is a specialized character in reptiles, and was not shared

even by Hesperornis, the contemporary of Ichthyornis. The diminutive

elonp-ated brain, also, points l)ack to the reptiles. Other features of

the skull, for example, the single headed quadrate, are shared only by the

most reptilian of birds. The union of the lower jaws in front, by ligament

only, is characteristic of many reptiles, and is seen in Ilespcrorms, but is

unknown in all other birds.' The form of the skull and the obliteration of

most of the cranial sutures are points of resemblance to many modem birds.

The locomotive organs oi lihtliyornis are so similar to those of typical

birds that they present no such interesting mechanical pr()blems as Avere

suggested by the skeleton of Hesperornis. In the vertebnc, however, we

find a primitive form retained, and also have the key to the origin of

one remarkable character in recent birds, which has hitherto remained

unexplained.

Wliile all existing birds, and all of the extinct forms so far as

known, including Hesperornis, have the peculiar saddle-shaped vertebi^je,

those of Ichthi/ornis, and its near ally Apatornis, are biconcave. This form

is seen in a few recent and in many extinct Reptiles, and in the

Amphibians; but it is especially characteristic of Fishes, from which class

it was undoubtedly inherited by the superior groups. This character

alone indicates ixnmistakably a great antiquity for the class of birds.

The saddle-shaped vei'tebrje are certainly one of the most marked

features in the skeleton of modem birds. Tliis fomi is so peculiar and

so constant that it has been considered by many anatomists as the best

distinctive character for the class. In no other group of animals known do

we find the tnie saddle-shaped articidation of the centi-a seen in the

vertebrsE of birds. ^

' In the Pelicans and Curlews, the rami unite late by ankylosis.

'An apjironch t'> tliis form is shown in the cervical viTti'bnio of the Kancaroos.
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Not only do the presacral vertebra; of all existing birds exliibit this

structure, but the many extinct species now known from the whole series of

Tertiary deposits have tlie same articulation. If we knew only these fossil

forms, in addition to the existing species of birds, the origin of this peculiar

vertebral articulation would perhaps remain a mystery. !Most fortunately,

however, one of tlie vertebrse of Ichthyoniis tlu'ows much light on this

point, and virtually explains the difficulty.

We have seen that Hesperornis has the same kind of vertebraj as

modem birds, while those of Ichtlujoniis are biconcave. The marked

contrast between the shape of the vertebral articulation in these two

genera is seen in the figm*es below, Avhich show a characteristic cerv'ical

vertebra in each form. In the vertebra of Iclithyornis shown in figm-es 32

and 33, it will be seen that the articulation of the centi-um is cup-shaped

;

while, in the corresjionding vertebra of Hesperonns, the ends of the centrum

are saddle-shaped, as in ordinary birds. Thus the distinction between the

two tvpes in this part of the skeleton is as wide as between Ichthyornis and

any living bird.

PiO. 32. Fig. 33. FlO. 34.

FiGl-RE 32.—Twelfth cervical vertebra of /cAWi/orni'* (/i-spor, Marsh; front view, twice natural size.

FiGURB 33.—Tlie same vertebra; seen from flie loft side.

FloUEE 34.—Third cervical vertebra of Ichthyornis victor. Marsh ; front view ; twice natural size.

Fig. 36.

Figure 35.—Thiileonlh cirviial vertebra of Ueajteromia rtijalia, Marsh; front view; natural size.

FiODRK 30.—The pamo vertebra; posterior view. n. anterior articulation; (/. di»]>oiihvsis; ;i. pnrapophysis-

/. lateral roramon; nc. neural caual : s. neural spiuc ; «. pro-zygapoplysis ; g'. post-zygapophysia.
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To the evolutionist, who believes that birds are all closely connected

genetically, this difference in structure, at first sight, offers a most serious

difficulty ; since hitherto we have had no hint of a ti-ansfonnatiou from the

one form to the other.

In the third cervical vertebra of Ichthyornis, however, we catch nature

in the act, as it were, of fonning' a new type; by modifying one form of

vertebra into another. Following this clew, the connection between these

widely divergent types of structure soon becomes apparent ; and the

development of the modei-n style of avian vertebra from the lish-like,

biconcave form finds a ready solution. In the anterior articulation of

this vertebra of Ichthyornis (figure 34), the surface looks do>vnward and

forward, being inclined at an angle of nearly 60° with the axis of the

centrum. In vertical section, it is moderately convex, while transversely

it is strongly concave ; thus presenting a near approach to the saddle-like

articulation. None of the other kno^vTi vertebrae of Ichthyornis possess this

character

This highly specialized feature occurs at the first bend of the neck,

and greatly facilitates motion in a vertical plane. If, now, we consider for

a moment that the dominant motion in the neck of a modem bird is in a

vertical plane, we see at once that anything that tends to facilitate this

motion would be an advantage, and that the motion itself would tend

directly to produce this modification. With biconcave vertebra^, the

flexure in any direction is dependent on the elasticity of the fibrous tissue

that connects them, as the edges of the cups do not slide over each other.

An increasing movement in the neck of Ichthyornis in a vertical plane

would tend to deflect the upper and lower margins of the circidar cup,

and to produce a vertical constriction, and at the same time to leave the

lateral margins projecting ; and this is precisely what we have in the third

vertebra of this genus.

This modification of the vertebrnc would naturally appear fii-st where

the neck had most motion, viz : in the anterior cervicals, and gradually

would be extended down the neck ; and, on to the sacrum, if the same

tlexui'e were continued.
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Behind the axis, or A\here the verticul motion prevails, we find in

modem birds no exception to tlie saddle articulation of the vertebra* in the

whole cervical series.

In the dorsal vertebra;, this cause would be less efficient, since the

ribs and neural spines tend to resti-ict vertical motion, and hence to airest

this modification. Tliis region, then, as might be expected, offers sti-ong

confirmatory evidence of the con-ectness of the above explanation ; for

here occm-, among existing birds, the only tnie exceptions kuo^m in the

presacral series to the characteristic saddle-shaped articulation. In Strigops

and a few other land birds ; in the Penguins, the Tems, and some other

aquatic birds, one or more vertebra; in the dorsal region are A\'ithout the

saddle-shaped articulation, and are either opisthocoelian, or imperfectly

biconcave. In such instances, we can usuallv, if not alwavs, detect

e^^dence of an arrest of vertical flexure. This may lock together the

jiosterior dorsals by their neural sjiines, as in Strigops, leaving the power

of lateral flexm^e ; or several Aertebrje may be coossified, as in Accipiter,

and some other Haptores, in which a stiff back is a positive advantage.

In the coossified sacral series of many birds, one or more of tlie

anterior vertebrre have the saddle-shaped articulation. This, however, is

no valid objection to the above explanation, since these vertebrne are really

dorsals, and have gi-adually coalesced witli the true sacral vertebra;.

In the caudal A'ertebrae of recent birds we have, in a measure, the

original biconcave structure preserved, for here the motion in every direc-

tion was much restricted. The caudal vertebra; of these birds, even in the

most aberrant forms, are essentially the same, and in the fossil species the

articulations at least appear to follow the general rule. In Pavo and

(icdccocijx, the caudal vertebnx; exhibit a tendency to a procoelian imion.

Some other forms also show unimpoi'tant modifications of the nonnal tyi)e

of caudal articulation, but nothing to suggest a real objection to the

explanation now proi)08od of the origin of the saddle-shaped vertebrae,

characteristic <if Birds.

In bringing togetlier tlie abov(» facts, and others suggested bv tlieni,

tlic cla.ssification .ind (lcvi'loj)nient of thr various forms of vertebrit? appear

|o lie soiiK'wliat as follows:



RESTORATION OF ICIITIIYOUNIS. 1H3

(1.) Biconcave t'er/cfcrrc (Fishes ami Aiiijjliibians) ; the primitive type;

a weak articulation, admitting free, Imt liiiiitt-d motion. From this form,

have been directly derived the other varieties, namely

:

(2.) Plane vertebra: (Mannnals); affording a stronger joint, with motion

still restricted.

(3.) Cup-and-hall vertebrce (Reptiles) ; a strong and flexible joint, well

fitted for general motion, and evidently produced by it The vertebne are

proco-'lian when lateral motion is dt>minant (Serj)ents) ; o])isthoca'lian with

varied motion (Dinosaur cervicals).

(4.) Saddle vertebrce (Birds) ; the highest type ; a A'ery strong and free

articulation, especially adapted to motion in a vertical plane, and mainly

due originally to its predominance.

In considering the mode of life, and habits of Ichthyoruis, many

important suggestions may be derived from its stiiicture, as well as from

the localities where the remains are found. Tlie sharp cutting teeth

of Ichthyornis prove, beyond a doubt, that it was carnivorous ; its great

2:)Owers of flight, long jaws, and its recurved teeth suggest, moreover, that

it captured its prey alive. Its food was jirobably fishes, as their remains

are found in great abundance mingled Avith those of Ichthyornis. These

fossils occur in the bed of the old Cretaceous ocean in which Ilesperornis

swam. Both of these birds were clearly aquatic in habit, as shown by

various points in their stnicture, already described, and the conditions

inuler which their remains were deposited. In many res])ects, Ichthyornis

probably resembled the modem Tenis in its mode of life. The powerful

wings and small feet suggest similar habits in flight, and rest. That

Ichthyornis was provided VAnth feathers is proved beyond question by the

tubercles for the attachment of quills on the forearm.

Beside Ichthyornis and its allies, the only other denizens of the air at

present known to have then inhabited the same region were the toothless

Pterodactyles. Ichthyornis doubtless competed with these huge dragons

for the fishes in the tropical ocean, about which they lived.





CHAPTER XVII.

CONCLUSION.

Having now described the more important characters in the structure,

so far as known, of the two groups of Cretaceous Odontornithcs, or Birds

with teeth, it remains to consider what relation these birds bear to each

other, and to allied members of the class ; and, also, to inquire if the

facts presented thi-ow any light on the profoimder question as to the origin

of Birds.

In compai-ing Hesperornis and Ichthyornis, as the types of their

respective orders, the Odoutolccc and Odontotormce, the contrast in their

])rincipal characters is as striking as it is unexpected. Hesperornis had

teeth implanted in a continuous groove, a low, generalized character;

with, howevei", the strongly dift'erentiated saddle-shaped vertebrae. Ichthy-

ornis, on the other hand, had the primitive biconcave vertebrae, and

yet the highly specialized feature of teeth in distinct sockets. Better

examples than these could hardly be found to illustrate one fact brought

out by modern science, that an animal may attain gi-eat development in

one set of characters, and at the same time retain other low featm-es of the

ancestral type. This is a fundamental principle of evolution. ,

The more supei-ficial characters of the absence of wings and the

sti'ong swimming legs and feet of Ifesjyerornis are in striking contrast, also,'

with the powerful wings and diminutive legs and feet of Ichthyornis.

These and other characters, already mentioned, separate the two birds

so widely that a more detailed comparison seems here unnecessary.

24 185
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It ^v(llll(l lio liig'lily desirable to carefully compare l)otli Irhfhi/oniis

aiid Jlcsperornis with Anlucoptcryx, the still older Mesozoic bird. This

iinfortimately cannot be done at present, as the two skeletons of

Arclucoptcrijx, now known, have not yet been fully described, nor even

prejiared for examination by removal of the matrix. That Archceopteryx

bt'long-s to the Odontormthcs^ the writer fully satisfied himself by a personal

examination of the Avell known specimen in the British Museum. This

examination was made in 1878, several years after the writer had become

familiar with the American forms of toothed birds. The teeth seen on the

same slab with this specimen of Arclmoptenjx, and referred to it by

Evans, although imperfectly jireserved, agree so closely with the teeth of

Hesperornis, that the writer identified them at once as those of Birds, and not

of Fishes. It has since been announced that the specimen oi Arclueopteryx,

more recently foinid in Gei-many, also possessed teeth, although onlv two

of small size were detected. The separate metacaipal bones, and especially

the elongated tail, of Archaoptcnjx, moreover, remove it Avidclv from the

known American genera of Odontornithcs. It will ])robablv be found,

however, that Archceopteryx possessed biconcave vertebrae, somewhat like

those of Ichthyornis.

The other Mesozoic birds now known from the deposits of this countrv,

and the few discovered in Eurojie, may, some or all of tlieui, have had

teeth, but their remains are too fragmentary to determine this point, or

even theii* near affinities.

It is an interesting fact that the Cretaceous birds at present kno^^^l,

some twent}' species or more, were all apparently aipiatic forms,

wliich are of coiu'se most likely to be preserved in marine deposits,

while the .Jurassic Archceopteryx, the only one from that formation, was a

true land bird.

I'lic Birds I'oniid in more ri'cent formations all bi-long apparently to

modern types, and hence present few points toi- profitable comparison

with the Oiloiitnniithcs. The existing l>irds with n'])tilian characters are

nc;irl\ .ill couruicd to tli(> JialiffC, or ( •sti-i( li Irilic. Thcst' are f\idcutl\' tlic

ri'iiinants of a \cv\ nuuierous group, once w idch extendi-d over ditVerent
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irdvta of the oartli ; and it is to tlio fossil forms of tlieso binls tliat we must

look eventually for tlio intennediato types between them and the less

specialized Mesozoic birds.

For the present, at least, it seems advisable to regard the Odontornithcs

as a sub-class, and to separate them into throe orders, according to the

charactei*s given below. These orders arc all ^v(•ll marked, but e\'idently

are not of equal rank. Arcliaoptcryx is clearly sej)arated much more

widely from both Ichthyornis and Hesperornis than are these two genera

from each other. The free metacarpals and long tail of Archfcoptcryx are

significant characters. Gegenbam- and Morse have shown, however, that

young birds of existing species have the metacarpals separate, and this is

true for all these birds up to a certain age. Hence this character is of

less importance than the presence of true teeth, since in no recent birds,

young or old, have these been found. The length of tail is ])erhaps a char-

acter of more value, but even this is a vaiiable featm-e in modern birds.

Sub-class ODONTORNITHES (or Aves Dentate), lilarsh.

Order Odontolc^, Margh.

Genus Hesperornis, Marsh.

Teeth in grooves.

Lower jaws separate.

Vertebnc saddle-shaped.

Wings rudimentary.

Sletacarpals wanting.

Sternum without keel.

Tail short.

Odontotorm.e, Marsh.

Ichthi/ornis, Marsh.

Teeth in sockets.

Lower jaws separate.

Vertebras biconcave.

Wings large.

Metacarpals ankvlosed

Sternum with keel.

Tail short.

SAUEUR.E, Haeckel.

Archceopteryx, von Meyer.

I mTeetl

Lower jaws

Vertebne — ?

Wings small.

Metacarpals separate.

Stenium f

Tail longer than body.

That the three ohtest known birds should diflfer so widely from each

other points luunistakably to a great antiquity for the cla.ss. Arvlucopteryx,

Hesperornis, and Ichthyornis, are all true birds, liut the reptilian characters

they possess are convergent toward a more generalized type. No Tria.ssic

birds are known, and hence we have no light on this stage of the develop-

ment of the cla.ss. Thcv will (hmbtless be found, however, and, if we mav
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judg^e fnmi Jurassic Mammals and Reptiles, the next classes above and

below Birds, the avian forms nt' that period would still be birds, although

with e\en stronger reptilian features. For the primal forms of the bird-

type, we must evidently look to the Palaeozoic; and in tlic rich land fauna

of our American Permian we may yet hope to find the remains of both

Birds and Mammals.

The genera Arclmopteryx, Hesperornis, and Ichthi/oniis, each possessed

certain generalized characters not shared by the others. These characters

were undoubtedly united in some earlier form, and this fact gives us a hint

as to what the more jn-imitive foi-ms must have been, and suggests the

prominent features of the ancestral type.

In the generalized form to which we must look back for the ancestral

type of the class of Bu-ds, we should therefore expect to find the following

characters

:

(1.) Teeth, in grooves.

(2.) Vertebrae biconcave.

(3.) Metacarpal and carpal bones free.

(4.) Sternum without a keel.

(5.) Sacnun composed of two vertebrae.

(6.) Bones of the peKns separate.

(7.) Tail longer than the body.

(8.) Metatarsal and tarsal bones free.

(9.) Four or more toes, directed forward.

(10.) Feathers rudimentary or imperfect.

These various characters may imk'tMl liave been combined hi an

animal that was mon; reptile than bird; but such a form would be on the

road toward the Birds, rather than on the ancestral line of either Dinosam-s

or Pterodactyles, as feathers were not a character of these groups. A\'it]i

this exception, all of the characters named belong to the generalized

Sauropsid, from which both birds and the known Oinosaui-s may well

liave descended. An essential character in this ancestral ty})e would be a

free quadrate bone, since this is a universal feature in Birds, and only

]iarti;illv retained in the Dinosaurs now known.
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The Birds would appear to liavo branched off by a siiifrlo stem, which

gradually lost its reptilian characters as it assumed the ornithic type, and

in the existing- Ratit;c we have the survivors of this direct line. The lineal

descendants of this primal stock doubtless early attained feathers and wann

blood, but, as already shown (p. 114), never accpiired the jjower of flight.

The volant birds doubtless separated early from the main avian stem,

probably in tho Triassic, since, in the formation abo\e, we have

Anhccoptvryx, with imperfect powers of flight.

This power of flight probably originated among the small arboreal

fonns of rei)tilian birds. How this may have commenced, we have an

indication in the flight of (ndeointhcvus, the flying squiirels (I'tcronii/s),

the flying lizard {Draco), and in the flying tree-frog {Ithacophorus). In the

earlv arboreal birds, which jumped from branch to branch, even rudi-

mentary feathers on the fore limbs would be an advantage, as they would

tend to lengthen a downward leap, or break the force of a fall. As the

leathers increased, the body would become wanner, and the blood more

active. With still moi'e feathers, would come increased power of flight,

as we see in young birds of to-da^^ A greater activity would result in

a more perfect circulation. A tnie bird would doubtless require warm

blood, but Avould not necessarily be hot-blooded, like the birds now living.

The short wings and clumsy tail of ArcJucopieryx were quite sufficient

for short flights from tree to tree, and if the body were essentially naked,

as now supposed, we have in this Jurassic form an interesting stag-e in

the development of birds before full plumage was attained. Whether

Archccopferyx was on the true Carinate line cannot at })resent be determined,

and this is also true of Ichthyoniis; but the biconcave vertebra; of the latter

evidently suggest that this form was an eai'ly offshoot. It is probable that

Hesperornis came off from the main Stnithious stem, and has left no

descendants.

These three ancient birds, so widely different from each other, and from

all modern birds, prove beyond question the marvelous diversity of the

avian type in Mesozoic time ; and also give promise of a rich reward to

the explorer who successfully works out the life-history of allied forms,

recorded in ajjes more remote.
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SYNOPSIS OF AMERICAN CRETACEOUS BIRDS.

Tlio present synopsis contains a list of all the species of hinls now-

known fn)ni the Cretaceous (le])osits of tliis country. As so many of these

are at present rejjresented only by fra<i;nientary remains, and their near

affinities are thns more or less uncertain, it seems advisable to an-anjre the

p-enera in alphabetical order, rather than to attem])t a more systematic

classilication. 'I'ho list contains nine genera, and twenty species.

Most of the remains of American Cretaceous birds are from the Eastern

slope of the Rocky Mountains. The beds in which they are f<»und are of

middle Cretaceous age, and have elsewhere been named bv the writer the
" Pteranodon beds," from the jrenus of toothless Pterodactyles {Ptinniodon),

which occurs in them. Nearly all the si)ecimens discovered in this region

were found in Western Kansas, and the renminder, in essentially the

same strata, in Texas.

The bird remains found in the green-sand deposits of New Jersey are

from a higher horizon, re})resenting a division of the ujiper Cretaceous.

These remains appear to be all distinct from those in the lower strata

of the West. Some of the specimens fiom this regrion possess characters

more specialized than the earlier forms ; and, as neither jaws nor teeth

have yet been detected, it is at present impossible to say whether the

eastern species belong to the Odoutoruithcs. This i)oint will doubtless be

decided by future discoveries.

All the beds in which bird remains have hitherto been found, in the

American Cretaceous, are marine deposits, and the birds jireserved in

them appear to have been all aquatic species.
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APATORNIS,' Marsh, 1873.

Apatoriiis celer, Marsh.

(Plates XXYIII-XXXIII.)

lehthyornis celer, Marsh.—American Journal of Science, Vol. V, p. T4, Jan., 1873.

Apalornis celer, Alarsh.—Vol. V, p. 162, Feb., 1873 ; Vol. V, ]). 230, March, 1873;
\i>\. X, p. 4U4, Nov., 1875.

AnnTicari Naturalist, Vol. IX, p. C2C, December, 1875.

Geological Magazine, Vol. Ill, \>. 50, February, 187G.

Woodward, Popular JScieuce Review, October, 1875, p. 349.

The tyjie specimen of this genns (number 14ol) was cTiscovered by
the writer in October, 1872, near the Smoky Hill l\iver. in Western Kansas.

The remains Avere imbedded in the yelli)\v chalk of the Pteranodou beds,

a Avull marked horizon in the middle Cretaceous.

A more perfect .specimen (number 1734) was found in 1877, by Mr.

F, II. ^Villiston, a member of the A\riter'3 party. The locality was near

the same I'iver, and in the same geological horizon.

Onlv these two specimens of the present species are known, and Ijoth

are deposited in the Museum of Yale College.

BAPTORNIS,' Marsh, 1877.

Baptoriiis adYCiius, Maish.

Marsh, American Journal of Science, VoL XIV, p. 80, July, 1877.

Journal ile Zoologie, Tome ^'I, p. 387, 1877.

The type specimen (number 1465) of the present species is a nearly

perfect tarso-meta tarsal bone. This specimen, althougli j)ertaining to a

bird not fully adult, is in excellent preservation, and is so cliaracteristie

that it may be readily distinguished from any forms already described.

In general shape and proportions, this bone very nearly resembles

the corresponding ])art in Ilcapcrornis, but dilfers from it decidedly in the

outer metatarsal, whicli at its lower end (ligure 37, IV) scarcely eijuals

tlie ailjoiiiing one in size and length. In Ihspcroriiis, on the contrary, the

outer metatarsal is more than double the size of the third. In tlio present

Ki)ecimcu, tlio three tR)ehlear articulations of the distal ends are nearly

ecpiMl. Tlie existence of a hallux is indicated by a small elongated depres-

sion on tlie inner metatarsal, a short distance above the articidation. As
in the same bone in Jlcspcrorm.s, there are no canals or grooves for tendons

on tiio posterior face of the proximal end.

' dnaTiioL), to deceive, and opyii, a bird.

' fiamcj, to plunge, and opvii, a bird.
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Tliis specimen of Baptorms is represented in the cuts given below:

Fie. 37. rio. 38. FlO. 39.

N E fl '/

FiouHE 37.—Right tarso-metatarsal of Baptomia advmta, Marsh; front view; natural size.

FiQiriiE 38.—Side view of same bone.

FiGCRB 39.—Posterior view ; a. lower tarsal bone.

The principal dimensions of this tarso-metatarsal are as follows :

—

Entire length,... -- 76.
""^

Transverse diameter of proximal end,— — IV.

Antero-posterior diameter, — 8.

Length of second metatarsal, 64.5

Length of third metatarsal, — 72.

Length of fourth metatarsal, 1'2.

Antero-posterior diameter of distal articulation of second metatarsal, 8.5

Transverse diameter, - 5.

Antero-posterior diameter of distal articulation of third metatarsal, 9.2

Transverse diameter, — 1.. 6.

Antero-posterior diameter of distal articulation of fourth metatarsal, 9.

Transverse diameter, 5-5

A second specimen of Baptoniis advenus (nimiber 14G7) appeai-s by a

comparison of the coiresponding bones in Ilcsjwroniis to have been not

quite as large as the type specimen, probably about one-fifth less in size.

It was evidently a young individual. The femur is less robust than in

Hesperornis, but considerably resembled the sjime bone in that genus.
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Its head shows a broad siu-face for attachment of the round hgament.

The shaft was hollow, and provided with strong rugosities for muscular

attachment. TIio distal end was expanded, and the articular surfaces for

the tibia and libula were uuich as in Ucvpcruniis.

The tibia in this si)ecimen of Bapfoniis (number 1467) was a sti-ong

bone with tlie shaft sul)trilR'dral jjroximally, bcconiing nearly cylindrical

toward the middle, and flattened from before backward toward the distal

end. The suture between the tibia and the coossified tarsal bone is still

distinct, but most of the articular face is broken away. The fibular ridge

is strongly developed, and was interrupted by the groove for the main

tibial artery, as in llesperornis. The ridge on the opposite, or inner, side

of the tiljia is more strongly developed than in HcspcroniiS. It also con

tinues further downwiu'd, and remains sharp and disthict to near its

termination.

Measurements of Baptortiis advenus. (So. 146V.)
Eight.

Least transverse diameter of shaft of femur, 9.
"""

Antero-posterior diameter, — 8.

Greatest diameter of distal end, -- - 21.5

Transverse diameter of tiliial articulation, — 14.

Transverse diameter of fibular articulation, - -- - 6.

Length of tiliia (ajiproximate), -- - -- 1-5.

Transverse diameter below liljular ridge, 9-

Antero-posterior diameter below fibular ridge,— 7.

These specimens indicate a bird about as large as a Loon, and one

apparently of similar aquatic habits. The locality of the only remains at

present known is in Western Kansas, in the same Cretaceous beds that

contain the Odontoniiflies and Pteranodontla.

Both of the above specimens are preserved in the Yale Museum,

GRACULAVUS,' Marsh, 1872.

Graculavus velox, ]\[ajsh.

Marsh, American Journ.al Science, Vol. Ill, p. 303, May, 1872 ; YoL Y, p. 220, March,

1873.

Coues, Key to Nortli American Birds, p. 349, 1872.

The s]ief'imens rcproseuting this species at present were found by
.Mr. Joliii (r. Meirs, near lloriierstown. New Jersey, in the green-sand of

the middle marl bed, t»r upper Cretaceous.

The known remains (inmd)er 8.").')) of this s])Ocies belonged to a bird

about two-thinls as largo as a Cormorant Tliey are all in the Yale

College Museum.

' &raculus, a cormoraui, and aoua, a yraudJathur.
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GraculaYUs ngilis, see Ichtliyornis agllis.

GraeulaYiis aiiccps, see Ichthyornis aiiceps.

Graculayus lentus, see Iclithyoruis Iciitus.

GraculaYUs puinilus, ^farsL

Marsh, American Journal Science, Tol. TIT, p. 364, May, 1872; Vol. V, p. 229, March, 1873.

Coues, Key to North American Birds, p. 350, 1872.

Tlie specimens on which the present species was based (number 8.50)

indicate a bird about one-third as hir<ie as the ty])e of Gruculavm velox.

They were found in the green-sand of the upper Cretaceous, near Homers-
town, New Jersey.

All the remains at present known are in the Museum of Yale College.

HESPERORNIS,' Marsh, 1872.

Hesperornis regalis, Marsh.

(Plates I-XX.)

Marsh, American Journal Science, (3) Vol. Ill, p. 56, January, 1872 ; Vol. ITT, p. 360,

May, 1872; (3,) Vol. X, p. 403, Nov., 1875 ; Vol. XIV, p. 85, July, 1877, PI. V.
American Naturalist, Vol. IX, p. 625, Dec, 1875.

Geological Magazine, Vol. Ill, p. 40, PI. II, February, 1876.

Journal .le Zoologie, Tome IV, p. 404, 1875, PI. XV; Tome VI, p. 385, 1877.

Coues, Key to North American Birds, p. 350, 1872.

Woodwanl, Popular Science Review, Oct., 1875, p. 337.

IIuxlov, New York Lectures, Poi)ular Science Monthly, 1876, Vol. X, ]>p. 215-210.

American Addresses, pp. 50-57, London, 1877. (Restoration, from Plate XX.)
Seeley, Journal Geological Society of London, Vol. XXXII, p. 510, 1876.

Vogt, Revue Scientitique, Tome XVII, p. 247, 1879.

Dana, Manual of Geology, Plate IV, 1880. (Figures from present volume.)

Fraisse, ^Yttrzburg Physikalisch-.Medizinischen Gesellschaft, 1880.

The first remains of this species discovered (number 120.5) were
found by the winter in Novemlier, 1870, near the Smoky Hill River, in

Kan.sas, about twelve miles ea.st of Fort Wallace. The geological horizon

was in the yellow chalk of the " Pteranodon Beds."

The type specimen of Hespcroruis rcqaVis (number 1200) was foiuid

by the writer, in July, 1871. The locality was on the soutli bank of the

Smoky Hill River, al)Out twenty miles east of Fort AVallace. This fossil

was ind)('ddc'd in tlie gray calcareous .shale, nearly in the same horizon

* EOnspoif western, and opvii, a bird.
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as the one first found. The skull was wanting', but many other parts of
the skeleton, including the vertebra; and the bones of the leys and feet,

were well joeserved. Portions of five other individuals were found by
the writer on the same expedition.

The most perfect specimen of this species yet discovered (number
1206) was obtained by Mr. T. H. Eussell and the writer in October, is 72.

This skeleton was nearly complete Avhen found, the skull, lower jaws, and
pelvis being especially Avell preserved. The locality was near that of the

type specimen. Anotlier important skeleton (number 1207) Avas found
in July, 1875, by Prof B. F. Mudge, who was then in charge of one of
the writer's exploring parties.

Other specimens of importance were obtained on subsequent expedi-
tions by Messrs. 13. F. Mudge, S. W. WilUston, E. W. Ouild, O. P.
Cooper and H. A. Brous.

These specimens, representing some forty different individuals, were
all found in essentially the same geological horizon of the middle Cretace-
ous. The localities are all in Western Kansas, and most of them near
the Smoky Hill Eiver and its tributaries.

The kuoA\Ti remains of this species are all preserved in the Yale
College Museum."O^

Hesperornis crassipes, MarsL

(Plates VII and XXVII.)

Lestornis crassipes. Marsh.—American Journal Science (3), Vol. XI, p. 509, June,
1876.

The tA'pe specimen of this species (number 1474) consists of a nearlv
complete skeleton, found in the yellow chalk of western Kansas, by Mr.
G. P. Cooper, in April, 1876. These remains indicate a bird considerably
larger tlian tlio type of lIcsperor)iis rc(/alis, and one that may prove to be
generically distinct The characters already mentioned, especially those
seen in the tarso-metatarsus, may possil)ly be merely sexual ; although it

would be strange indeed on this sujjposition, that no other specimens "with

these features should have been foimd.

In the ])resent specimen, number 1474, the atlas is preserved, and is

represented in the cuts below.

Fio. 40.

?

KiociiK -lU.—Alias of //ejprromij rra*ti7>c«, Marsh ; nnttirnl s!7X>. a. front view; b. side view; c. bottom riow';

i/. buckviuw; we. uuunil laiial.
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The above named skeleton, the only one known with cciiixinty to

belong' to the present species, is deposited in the Yale College iluseuni.

Hcspcroriiis gracilis, Jfarsh.

Marsh, American Journal Science, Vol. XI, p. 510, June, 1870.

This volume, p. 90.

The si)ooinien on which this species was based (nnniber 1473) w.is

found in April, 1S7G, ])y ^Ir. fr. P. Co(>])cr. A ntarlv eonij)leto skeleton

(number 1679) was found in 1870, by Mr. K. W. GuilcL lioth specimens
are from the yellow chalk, near tlio Smokv Ilill IJivcr, in westcni Kansas.

The know u remains of tiiis sjjecies are in the ^luscum of Yale College.

ICHTHYORNIS,^ Mansh, 1872.

Ichtliyoniis dispar, JlarsL

(Plates XXI-XXVI.)
ilarsh, American Journal Science, Vol. IV, p. 344, Oct., 1872 ; VoL V, p. 161, Feb.,

187;? ; Vol. V, p. 2;jO, March, 1873.

American Naturalist, Vol. IX, p. 625, Bee, 1875.

Gcoloijical Magazine, Vol. Ill, p. 49, 1876.

Journal de Zooloirie, Tome IV, p. 494, Plate XV, 1875 ; VI, p. 385, 1877.

Colonosaurus Muilgei, American Journal Science, Vol. IV, p. 400, Nov., 1872.
Cones, Key to North American Uirds, p. 350, 1872.

Owen, Journal Geological Society of London, Vol. XXIX, p. 520, 1873.
Woodward, Po|)ular Science Kevicw, Oct., 1875, p. 348.

Huxley, New York Lectures, Pojiular Science Monthly, 1870, Vol. X, ])p. 215-218.
American Addresses, p. 54-50, Loudon, 1877.

The type specimen of this species (number 14r)0) was found in 1872
by Professor B. ¥. ]\fu(l;ie, near the Solomon Kiver, in northwesteni
Kansas. The bones secin-ed are represented in the restoration of this

species, Plate XXVI. Kioht other s])ecimens were obtained durin<j the

explorations earned on by the writer in the same region. All are from
the "Pteranodon beds" of the middle Cretaceous.

All the reuiaius of this species at present known are in the Museum
of Yale College.

Ichtliyornis agilis, Jfarsh.

Graculavus agilis, l^Iarsh.—American Journal Science, \i>\. Y. \<. 2.30, March, 1873.

The tyi)e of this species (nuud)er 120!») was found by the writer in

October, 1872, on Hutte Creek, a tributary of the Smokv Hill IJiver, in

westeiTX Kausa.s. The localit\' was in the vellow chalk, of the miildle

Cretaceous.

These remains are in the .Mu.seum of Yale College.

'
)i S»u5, a fish, uud of^yii, a bird.
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Iclithyoniis aiiceps, Marsh.

Graculavus aneeps, Marsh.—American Journal Science, VoL III, p. 364, May,
1872 ; Vol. V, p. 229, Mardi, lsT3.

'J'
C'oucs, Ki'y to North American Birds, p. 350, 1 872.

Marsh, This volume, p. 124.

The type specimen (nuinl)er 1208) of IcWujonns aneeps was found
by the writer in November, 1870, on the North Fork of the Smokv Hill
Kiver, aljout twelve miles east of Fort Wallace, Kansas. The geological
liorizon was in the gray shale of the middle Cretaceous. Other specimens
referred to this species have since been secured from the same region.

All the known specimens are in the Yale College Museiuu.

Iclitliyoi'iiis celer, see Apatornis celor.

Iclithyornis lentus, Marsh.

Graculavus lentus, Marsh.—American Journal Science and Arts, (3) Vol. XIY,
p. 253, Sept., 1877.

This species is based on the lower half of a tarso-metatarsal bone
(nnmber 1796), obtained by Prof B. F. ]\Iudge, near Fort McKinney,
Texas, in 1876. The accompanying fossils indicate that the locality was
in beds of middle Cretaceous ao-e.

This specimen is in the Museum of Yale College.

Iclithyornis tener, Marsh.

(Plate XXX, figure 8.)

The t^']")0 specimen (number 17^0) of the present species was found
in 187'J, by ^Ir. K. W. Guild, in ^Vallace Comity, Kansas. A second s]K*ci-

men (number 1766) was secured about the same time, in the same region.

The Idcalitv was in the Ptcranodon beds, of the middle Cretaceous.

The known remains of this species are in the Yale College Museum.

Iclitliyoriiis yalidus, Jlai-sh.

(Plate XXX, figures 11-14.)

The typo of Iclithifornis rnlidits (nnmher 1740) was discovered in

September, 1877, by Mr. S. W. Williston, near the Solomon Kiver, in

northwestern Kansas. The localitv was in the vellow chalk of the middle
( 'retaceoiis.

All the specimens known belonging to tliis species are in the Yale
College Museum.
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Iclithyornis victor, Marsli.

(Plates XXVII-XXXIV.)

IVfnrsh, American Journal Science, Vol. XI, p. 511, June, 1R76.

Dan:i, M;inu;il of (Toology, jip. 400-468, PI. V, 1880 (Restoration of skeleton, from
Plate XXXIV of present volume.)

The remains on wliich tliis species was estaLlislied (minilier 14.")2) were
found in May, l!S7G, by Mr. II. A. Broiis, in Wallace County, Kansas.

A second specimen (number 1733) was found in 1877 by Mr. F. II. Wil-
liston, on Plackberry Creek, in Gove Countv, near the Smoky Hill Kiver.

More than forty other specimens have since been obtiiined in the same
region by Messrs. S. W. Williston, E. W. Guild, and other members of

the writer's jiarties. All these specimens are apparently from the same
geological horizon in the middle Cretaceous.

AH the specimens of this species at present known are preserved in

the Museum of Yale College.-b^

LAORNIS,' Marsh, 1S70.

Laoriiis Edvardsiimus, Marsh.

Marsh, Proceedings Philadelphia Academy, Jan., 1870, p. 5; American Journal Science,
Vol. XLIX, p. 200, March, 1870 ; Vol. V, p. 230, March, 1873.

A. !Milne-Edwards, Rccherches Oiseaux Fossiles, To^e II, pp. 540-541, 1869-71.

Coues, Key to North American Birds, p. 350, 1872.

This sj)ecies was nearly as large as a Swan. The remains (number
820) were discovered in the middle marl bed, of upper Cretaceous age, at

Birmingham, New Jersey, and are now in the Museum of Yale College.

Lestornis crassipes, see Hesperornis crassipes.

PAL^OTRINGA,' Marsh, 1870.

Palaeotringa littoralis, Marsh.

Marsh, Proceedings Phil.adclphia Academy, Jan., 1870, p. 5. American Journal
Science, Vol. XLIX, p. 208, March, 1870; Vol. V, n. 229, March, 1873.

A. Milne-Edwards, Roclu'rclies Oisoau.v Fossiles, Tume ll, pp. 540-541, 1809-71.

Coues, Key to North American Birds, j). 349, 1872.

* AaJ, a stone, and opvii, a bird.

' naXaioi, ancient, and rpvyyai, a shore bird.
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The specimens known indicate a bird about as large as a Curlew.

The remains (number 830) were found in the upper Cretaceous green-

sand, near Ilornerstown, New Jersey, and are now preserved in the Yale

Colleffo Museum."D"

Palaeotringa yagans, Maish.

Marsh, Araericaa Journal Science, Vol. Ill, p. 365, May, 18T2 ; Vol. Y, p. 229, March,

Coues, Key to North American Birds, p. 349, 1872.

Tlie specimens preserved (number 835) indicate a bird intermediate in

size between the otlier two species of this genus. They were discovered

in the same formation, near Hornerstown, New Jersey; and are now in

the Musemu of Yale Colleo-e.^o^

Palaeotriiiga retus, Marsh.

Morton, Scolopax, Synopsis of the Organic Remains of the Cretaceous of the U. S.,

p. 32, Philadelphia, 1834.

Harlan, ISIedical and Physical Researches, p. 280, Philadelphia, 1835.

Marsh, Proeeedinifs Philadelphia Academy, Jan., 1870, p. 5; American Journal Science,

Vol. XLIX,
Y^.

200, March, 1870; Vol.'V, p. 229, IMarch, 1873.

A. Milne-Edwards, Reeherelies Oisoaux Fossiles, Tome II, pp. 540-541, 1869-71.

Coues, Key to North American Birds, j(. 349, 1872.

A smaller species, from the lower mai"l-bed of the same fonnation,

found near Arne\town, New Jersey. The known remains are in the

Philadelphia Academy.

TELMATORNIS," Marsh, 1870.

Teliiiatoi'iiis priscus, Marsh.

Marsh, Proceedings Philadelphia Academy, Jan., 1870, p. 5; American Journal Science,

Vol. XLIX, p. 2;o, March, ls70; Vol. V, p. 2-.'9, March, 1873.

A. Milnc-Eihvards, Recherches Oiseaux Fossiles, Tome II, p. 541, 1869-71.

Coues, Key to North American Birds, p. 349, 1872.

This species was about as large as the King Rail (lialhts clcffatis).

The remains known (number 840) are from the middle marl-bed, of the

upjier Cretaceous. Tliey were found near Hornerstown, New Jersey,

and are preserved in the Yale College Museum.

' TtX^ia, a 8^vamp, and npvi^, a bird.
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Tolmatoniis nffiiiis, Marsli.

Marsh, Procoeilings Pliila(lcl])hia Acadomy, .Tan., 1870, p. 5; American Journal Science,
Vol. XLIX, p. 21 1, March, 1870; VoK V, p. 2'2H, March, lh73.

A. Milne-Edward.-i, Hccherchi'S Oiscaux Fossiles, Tome II, p. 541, 1869-71.
Coues, Key to North American Birds, p. 349, 1872.

A somewhat smaller species than the one last mentioned, and frojn

tlie same loealitv and fonnation.

The known remains (nimiber 8-Jo) are in the Museum of Yale Colleg-e.

rOSTSCRIPT..
The plates of Pai-t I of the jiresent memoir, with their accompanvinpf

paofes of explanation, were ])riiited in 1S77, and tlio.se of Part II, in April,

1878. The text of Part I was nearly all jirinted in 1878, and that of
Part II, in the followinijr j-ear, or early in I.SSQ, This delav in printin<>'

will account for the fact, that some recent piihlicatimis are referred to in

the Appendix, rather than in the text; and that a few of the illustrations

prejjared for the present volume first a])peared elsewhere.
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PL^TE I.

ODONTORNITHES.

Skull and lo^wer ja^ws of Hespeboenis kegalis Marsh.

All Figures Natural Size. Page.

Fig. 1.—Skull ; lateral view, seen from the left. Top of cranium crushed, 6

pm —Prcmaxillary.

pms—Maxillo-proinaxillary suture.

t —Tooth, in jiosition in maxillary.

ail —Anterior nares.

n —Nasal Lone.

I —Lachrymal bone.

of —Inter-orbital fenestra.

qj —Quadrato-jugal bone.

q —Quadrate bone.

ho —Basi-occipital.

Fig. 2.—Left lower jaw ; lateral view of external surface, ...- - - 11

t —Teeth still in place.

Fig. 3.—Left lower jaw ; seen from above, 11

a —Groove for the teeth, with indications of sockets.

b — Groove for the reception of the upper teeth when the jaws were clo.<;ed

c —Angle of mandible.

Fig. 4.—Right lower jaw ; inner side, ."
- H

d —Symphysial surface, showing that the rami were not coossified, but united

only by cartilage,

c —Inipcrt'ect articulation between splenial and angular elomonts.

f —Articular surface for quadrate.

Fig. 5.—Skull; seen fnun above, cranium crushed, 6

o —Orbit.

tf —Temporal fossa.

Note.—Tho dotted outlines io this and the following pintos represent portions wanting in the specimens described.

The surfiico covered by oblique bars (as in figures 2 nnd 4) indicates portions concealed by the adhering matrix, or

othern'ise obscured.
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PL^TE II.
ODONTOR^TITHES.

Teeth ajtid Skull of Hespekobnis regalis Marsh.

All Figures Natural Size, except 2 and 3. Page.

Fig. 1.—Inferior 6urf;\ce of iircmaxillaiy and maxillary bones, 8

t —Tooth iu maxillary.

Fig. 2.—Tooth ; from lower jaw, lateral view, seen from the left ; magnified eight diameters,. . 13

Fig. 3.—Tooth; from maxillary, lateral view, seen from the right ; magnified eight diameters,. 13

a —Young tooth, showing mode of development.

Fig. 4.—Base of skull
;
posterior view. Top of cranium broken away, - 6

bp —Basi-pterygoid process.

fm —Foramen magnum.

Fig. 5.—Base of skull ; seen from below, . - 6

Fig. 6.—Left quadrate hone ; inner view, - — - 6

6a —Superior view, showing undivided articulation.

66 —Posterior view.

6c —Inferior view.

Fig. V.—^Posterior part of right pterygoid bone ; inferior view, C

la —Posterior view, showing concave articulation for quadrate.

'lb —Superior view.

Fig. 8,—Right vomer ; inferior view, 7

8a —Superior view.

Fig. 9.—Right palatine bone ; seen from above, 7

Fig. 10.—Left lachrymal
;
posterior view, 7

Fig. 11.—Right lower jaw; anterior ]>art, ^, ith inner wall of groove removed, showing rudi-

mentary sockets for the teeth. (Compare Plate I, fig. 3,) ... 13

ViG. 12.—Basi-hyal bone ; later.il view, seen from the right.

Via—Supurior view.

\2b—Posterior vii'W.
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pl^th: lit.
ODUNTOENITHES.

Cervical Vertebrae of Hesperornis regalis Marsh.

All Figures Natural Size. Page.

Fig. 1.—Second vertebra, or axis; lateral view, seen from the left. Neural spine restored, 18

\a —Superior view.

lb —Anterior view.

Ic —Inferior view.

Fig. 2.—Third cervical vertebra ; lateral view, seen from the left, 20

2<« —Superior view.

'2b —Anterior view.

2c —Inferior view.

Fig. 3.—Fourth cervical vertebra ; lateral view, seen from the left. Hypapophysis restored, --

3rt —Inferior view. Plenrapophyses restored.

3b —Anterior view. Outer wall of foramina for vertebral artery restored.

3c —Inferior view.

Fig. 1.—Fifth cervical vertebra ; lateral view, seen from the left, Ui

4a—Superior view.

4b —Anterior view.

4c —Inferior view.

Fio. 5.—Sixth cervical vertebra ; lateral view, seen Iroiu the left, -5

5<j —Superior view.

5b — .\ntcrior view.

5c —Inferior view.

Fig. 0.—Seventh cervical vertebra ; lateral view, seen from the left, -. 27

C« —Superior view.

ab —Anterior view.

Cc —Inferior view.

Fig. 7.— Figlith eervieal vertebra ; lateral view, seen from the left, 2!)

lit —Supcrinr view.

lb —Anterior view.

7c —Inferior view,

l''i<i. ''.—Ninth cei-vical vertebra ; lateral view, seen from tlio loft 30

fia—Superior view.

Vb — .\nlerior view.

i<C — Iiifi liiir vii'W.
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ODONTORNITHES.

Cervical Vertebrae of IlESPERORins eegalis Marsh..

All Figures Natural Size. Page.

Fig. 1.—Tenth cervical vertebra ; lateral ^^ew, seen from the left, 32

] a —Superior view.

\b —Anterior view.

Ic —Inferior A-iow.

Fig. 2.—Eleventh cervical vertebra ; lateral view, seen fi-om the left, 33

2a —Superior view.

2h —Anterior view.

2c —Inferior view.

Pio. 3.—Twelfth cervical vertebra ; lateral view, Been from the left, 34

3a —Superior view.

36 —Anterior view.

3c —Inferior view.

Fig. 4.—Thirteenth cervical vertebra ; lateral view, seen from the left, -- 35

4a —Superior view.

46 —Anterior view.

4c —Inferior view.

Fig. 6.—Fourteenth cervical vertebra ; lateral view, seen from the left, 36

ha—Superior view.

56 —Anterior view.

be —Inferior A'iew.

Fig. 0.—Fifteenth cervical vertebra ; lateral view, seen from the left, - 38

Ca —Superior view.

C6 —.\nterior view.

Cc —Inferior view.

Fig. 7.—Sixteenth cervical vertebra; lateral view, seen from the left. Ilypapophysis

incomplete, 40

7(( —Superior view.

lb —Anterior view.

7o —Inferior view.
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ODONTORNITIIES.

Cervical and Dorsal Vertebrae of Hespeeornis eegaiis Marsh.

All Figures Natural Size. Page.

Fig. 1.—^Seyenteenth or last cervical vertebra ; lateral view, seen from tlic left, nypapophysis

imperfect, ^.^». 43

la —Superior vicv.

lb —Anterior view.

Ic —Inferior view.

Fig. 2.—^Eighteenth vertebra; first dorsal, lateral view, soon from the left. Neural spine

restored, - - 46

la —Superior view. Right diapophysis removed.

2b —Anterior A'icw.

2c —Inferior viow. Left diapophysis removed.

Fjg. 3.—Nineteenth vertebra ; second dorsal, lateral view, seen from the left, 47

Za —Superior view.

36 —Anterior view.

3c —Inferior view

FiQ. 4 .—^Twentieth vertebra ; third dorsal, lateral view, seen from the left, 48

4a—Superior view.

4b —Anterior view.

4c —Inferior view.

Fig. 5.—Twenty-first vertebra ; fourth dorsal, lateral view, seen from the left, 50

5« —Superior view.

Bb —Anterior view.

5c —Inferior view.

Fig. 6.—Twenty-second vertebra ; fifth dorsal, latonxl view, scon from the left, 53

da —Superior view.

0&—Anterior view.

Oc —Inferior view.

Fig. 7.—^Twenty-third vertebra ; sixth dorsal, lateral view, seen from the lelt, 55

7a —Superior view.

lb —Anterior view. Ncuril npino somewhat too nbort.

1o —Inferior view.
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ODONTORNITHES.

Bones of Seapiilar Arch and Sternum of Hespeeobnis eegalis Marsh.

AU Figures Natural Size. Page-

Fig. 1.—Sternum ; lateral view, Been from the left. Outline restored in part from figures on

Plate Vn, - 60

Fig. 2.—Sternum ; inferior view, - -- — — 60

Fig. 3.—Left clavicle ; lateral view, seen from the right, 61

3a—^Inferior end, showing face for cartilaginous union with its fellow. (Compare

Plate VIII, Fig. 8.)

Fig. 4.—Right coracoid ; external surface, 59

Fig. 5.—Right coracoid ; lateral view, seen from the right, --- 59

Fig. 0.—Right coracoid ; inner surface, - - 59

Fig. 7.—Left scapula ; external surface. (See also Plate V 111, Figs. 5, 6 and 1,) 58
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PL^TE VII.



ODONTOENITHES.

Sternum, Coraeoid and Clavicle of Hesperobnis crassipes Marsh.

All Figures Natural Size. Page,

Fig. 1.—Sternum; lateral view, seen from the left, ... 60

Fig. 2.—Sternum ; anterior view, GO

Fig. :».—Sternum ; inferior view, showing entire absence of keel, - GO

Fig. 4.—Right coraeoid ; inner surface, 59

Fig. 5.—Riglit clavicle; seen from nhove,... .-. Gl
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FL^TE VIII.



ODONTOENITHES.

Humexus, Scapula and Shoulder-girdle of Hesperornis reqalis Marsh.

AU Figures Natural Size. Page-

Fig. 1.—Right humerus ; inner surface, 62

Fig. 2.—Right humerus ; radial side, 62

2a —Prosimal end.

Fig. 3.—Right humerus ; ulnar side, - - 62

b —Distal end, showing entire absence of articulation.

Fig. 4.—Right humerus ; external surface, 62

Fig. 5.—Left scapula ; anterior view, — 58

Fig. 6.—Left scapula ; inner surface, 58

6a —Proximal end.

Fig. 7.—Left scapula; posterior view, 58

Fig. 8.—Sternum and scapular arches, restored ; front view, 60

st —Sternum.

cl —Clavicle.

—Coracoid.

a —Scapula.

h —Humerus.

Xott.—la n'pwi! 8, portlous of tlio scapular orch are diminished in size by the perspective. This is especially

aoticoablo in the humerus.
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PL^TE IX.



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

OUONTORNITHES.

Ribs and Uncinate processes of IIesperornis begalis Marsh.

All Figures Natural Size. PugP-

1.—First articulated rib ; from the left side, exterior view, 03

2.—Second articulated rib ;
" " " " - - 03

3.—Third articulated rib ;
" " " " - 03

u—Articular surface for first uncinate process.

4.—Fourth, or first true dorsal, rib ; from the left side, exterior view, .. ''^

5.—'Fifth rib ; from the left side, exterior view, - - 04

G.—Sixthrib; " " " " -.-- 04

7._Seventhrib; " " " " - -- 05

8.—Eighth rib ; " " " " -- 05

ti—Articular surface for last uncinate process.

9.—Ninth rib ; from the left side, exterior view, - - - - - - ^^

10.—First uncinate process ; from left side, articulating with third rib at the point

marked m, exterior view, - --. --- 04

11.—Second uncinate process ; from left side, exterior view, .. 04

12.—Third uncinate process; " " " " ^

13.—Fourth uncinate process ; " " " " >•!

14.—Fifth uncinate process; " " " " ^''

1 5.—Sixth uncinate process ; " " " " Oo

10.— First sternal rib ; articulating with first true dorsal rib, from left side, exterior view,.. 00

17.—Second Biernal rib ; from left side, external view, 00

10.—Third sternal rib; " " « " «<>

10.—Fourth sternal rib ; " " " ' G<i

20.—Fifth Btornal rib ; " " " " 00
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PI^^TE XIL



PL^TE XII.
ODONTORNITHES.

Caudal vertebrse of ITesperobnis eegai.is Marsh.

AU Figures Natural Size. Page-

Fig. 1.—First free oaudal vertebra ; lateral view, seen from the left. Neural spine restored, . . 78

I'l —Superior view.

16 —Anterior view.

1 b'—Posterior view.

Ic —Inferior view.

Fig. 2.—Second caudal vertebra ; lateral view, seen from the left, 79

2a —Sa])erior view.

2b —Anterior view.

2e —Inferior view.

Fig. 3.
—

'I'bird caudal vertebra ; lateral view, seen from the left, - - 79

3a —Superior view.

3b —Anterior view.

3c —Inferior view.

Fig. 4.—Fourth caudal vertebra ; lateral view, seen from the left, 80

ia —Superior view.

46 —Anterior view.

4c —Inferior view.

Fig. 5.—Fifth caudal vertebra ; lateral view, seen from the left, .... - 81

ba —Superior view.

5b —Anterior view.

5c —Inferior view.

Fig. 0.—Sixth caudal vertebra ; lateral view, seen from the left, 82.

(ia —Superior view. Diapophysis restored.

Gb —Anterior view.

do —Inferior view.

Fig. 7.—Seventh caudal vertebra ; lateral view, seen from the left, 83

7a —Superior view.

lb —Anterior view.

1c —Inferior view.

Fig. S.^Eighth caudal vertebra; lateral view, seen from the left, 83

8rt —Superior view. Ilypapoiihysis restored.

8b —Anterior view.

8c —Inferior view.

Fig. 0.—Nintii caudal vcrieljra ; lateral view, seen from the lef^, 8*

i>a —Superior view.

Ob —Anterior view.

Oc —Tiifcrior view.

Fio. 10.—Tenih and eleventh caudal vertebra), 86

lOrt -Superior view.

\()h— .Anterior view.

10c

—

Iiilirior view.
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PL^TE XT.



PL^TE XI.
ODONTORlSflTHES.

Pelvis of IIesperoknxs regalis Marsh.

Natviral Size. Page.

FiQ. 1.—Left lateral view, with left pelvic bones removed ; showing sacrum, and inner side of

right ilium, ischium, and jiubis, - 69

af—Foramen iu acetabuliun.

il —Ilium.

is —Ischium.

ph —Pubis.

Fig. 2.—Inferior view ; showiug sacrum, with fourteen vertebiiD in place, 09
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PL^XE X,
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ODONTOEKETHES.

Pelvis of Hesperornis regalis Marsh.

Natural Size Page-

Fig. 1.—Lateral view, seen from the left; showing the small foramen in the acetabulum, and

the free distal ends of the ilium, ischium and pubis 69

Fig. 2.—Superior view of the same specimen, 69
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PL^TE XIII.



PL^TE XIII.
ODONTORNITHES.

Femur of Hespeeornis regalis Marsh.

Natural Size. P^^-

Fig. 1.—Left femur ; anterior, or superior, view, 88

la—Distal articulation.

Fig. 2.—Left femur ; tibial side, -- ---- --- 88

Fig. 3.—Left femur
;

posterior, or inferior, view,. - -- 88

3a—Proximal end of femur.

Fig. 4.—Left femur; fibular side, - — 88
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PL^TE XIV.



ODONTOENITHES.

Tibia of Hesperornis regalis Marsh.

Natural Size. Pfig*-

Fio. 1.—Left tibia; anterior view, - 90

Pig. 2.—^Left tibia ; exterior surface, showing fibular ridge, 90

2(t—Proximal end.

Fig. 3.—Left tibia; posterior view, - — 90

3a—Distal end.
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PL^TE XV.



PLA.TE XV^.
ODOISTTORNITHES.

Patella and Fibula of Hesperornis rkgalis Marsh.

AM Figures Natioral Size. ^"2"

Fig. 1.—Left patella ; anterior view, 93

Fig. 2.—Left patella ; lateral view, seen from the left, . 03

Fig. 3.—Left patella ; lateral view, seen from the right, 93.

Fig. 4.—Loft fibula ; anteiior view, 94

Fig. 5.—Left fibula ; e.xterior view, 94

Fig. 0.—Left fibula
;
posterior view, .. 94

Oa—Pro.\imal end.
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PL^TE XA^I.



ODONTORNITHES.

Tarso-metatarsal of Hespekoknis regalis Marsh.

Natural Size. Page.

Fig. 1.—Left tarso-metatarsal boue ; anterior view, 95

la—Proximal end.

Fig. 2.—^Left tarso-metatarsal bone ; exterior view, 95

Fig. 3.—Left tarso-metatarsal bone
;
posterior view, 95

Fig. 4.—^Left tarso-metatarsal bone ; inner view, 95

4a—Distal end, somewhat compressed.
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FL^TE XVII.



ODONTORNTTHES.

Tarso-metatarsal of Hesperornis crassipes Marsh.

Natural Size. Page.

Fig. 1.—Left tarso-metatarsal bone ; anterior view, -. 96

1 a—Proximal end.

Fig. 2.—Left tarso-metatarsal bone ; exterior view, 96

Fig. 3.—Left tarso-metatarsal bone
;
posterior view, - 96

Fig. 4.—Left tarso-metatarsal bono ; inner view, showing large tuberosity on inner side, .. 96

4a—^Distal end.
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PL^TE XVIII.



, PLATE XVIII.
ODONTOKNITHBS.

Phalanges of Hesperornis regalis Marsh.

All Figures Natural Size. Page.

PiQ, 1. First, or proximal, phalanx of outer, or fourth, toe ; from left foot, Been from above,. . 100

la—Distal end, with outline of proximal eiul.

lb —Inner view.

Ic —Proximal end.

Id—Inferior view,

le —Exterior view.

Fig. 2.—Second phalanx of fourth toe ; left foot, superior view, - - 1^0

2a—Distal end, with outline of proximal end.

2/> —Inner view.

2c —Proximal end.

2d—Inferior view.

2e —Exterior view.

Fig. 3.—Third phalanx of fourth toe ; left foot, superior view, 101

3a—Distal end, with outline of proximal end.

3b —Inner view.

3c —Proximal end.

Sd—Inferior view.

Se —Exterior view.

Fig. 4.—Fourth phalanx of fourth toe ; left foot, superior view, 101

4a—Distal end, with outline of proximal end.

4b—Inner view.

4c —Proximal end.

id—Inferior view.

4e —Exterior view.

FiQ. 6.—First phalanx of third too; right foot, superior view, - 104

5rt—Distal end, with outline of proximal end.

56—Inner view.

5c —Proximal end.

5d—Inferior view.

6e—Exterior view.

Fig. 6.—Second phalanx of third toe; left foot, superior view, ^*^

6a—Distal end, with outline of proximal end.

6b —Inner view.

Cc —Proximal end.

C(/— Inferior view.

00 —Exterior view.

F,o. 7.—Third phalanx of third too; left foot, 8ui)enor view, 105

7a— Distal end, with outline of pro.xiiual end,

76 —Inner view.

7c —Proximal end.

Id— Inferior view.

7« —Exterior view.
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PL^TE XTX.



PL^TE XIX.
ODOXTOENITHES.

Phalanges and first metatarsal of IIesperoenis kegalis Marsh.

AU Figures Natural Size. Page-

Fig. 1.—First phalanx of second toe ; from left foot, superior view, 106

la—Distal end, with outline of proximal end.

lb—Inner view.

Ic —Proximal end.

Id—Inferior view,

le —Exterior view.

Fig. 2.—3econd phalanx of second too ; left foot, superior view, 107

2a—Distal end, with outline of jjroximal end.

2b—Inner view.

2c —Proximal end.

2c?—Inferior view.

2e —Exterior view.

Fio. 3.—Thii-d, or ungual, phalanx of second toe ; left foot, superior view, .. 107

3a—Inner view

2b—Proximal end.

3c —Inferior view.

Fig. 4.—First left metatarsal ; exterior view, 1*^

4a—Distal end.

46 —Superior view.

4c —Inner view.

Fio. 5.—First j/.ialanx of first toe ; left foot, superior view, proximal end wantintj, 108

5a—Distal end.

5/' —Inner view.

5c —Inferior vii'W.

5<7—Exterior view.

l''iG. il.—Second, or ungual, phalanx of first toe ; left foot, superior view,

Ca—Inner view.

0/»—Pri>.\inial end.

Oc —Inferior view.

Od—Ksterior view.

108
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PL^TE XX.



ODONTOENITHES.

Restoration of Hespeeornis reqalis Marsh.

One-Half Natural Size. Page.

This restoration represents wbat is at present known of the skeleton of this species. The

portions figured are taken mainly from a single individual (No. 1206, Yale College Museum). The

only important parts wanting are the atlas, the extremity of the coccyx, and two terminal phalanges,

which are restored in outline 11
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PL^TE XXI.



PLi^TE XXI.
ODO^^TORNITHES.

"

Skull, IiO-wer JavT-, and Teeth of Ichthtornis bispar Marsb.

All Figures twice Natural Size, except 2a and 22>. Page.

Fio. I. Skull; lateral view, seen from the left, restored in part froni skull of a Tern, (Sterna

regia Gambcl), — - - — 120

bo—Occipital condyle.

\a—^Portion of maxillarj-, inferior view,

16—Superior view.

Fig. 2.—Rifjbt lower jaw; inner view, - .- ...... 1—3

t —Teeth in position.

e —Suture between splcni.-.l .nnd angular bones.

2a—Tooth from lower j.i'.v; lateral view, magnified eight diameters.

2h—Anterior view, magnified eight diameters.

Fig. 3. ^Right lower jaw ; superior view, showing distinct sockets for the teetli, 123

a —Socket for second tooth.

Fn_ 4.—Tlif'ht lower jaw; reversed, showing oxtoriir surface, 123
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PLATE XXII.



PLA^TE XXII.
ODUNTOENITHES.

Vertebrae and Sacrum of Iciithyohnis dispar Marsh.

All Fi^rures twice Natural Size. Page.

Fig. 1.—Cervical vertebra; from behind the middle of the scries, lateral view, seen from the left, 132
la—Superior view.

lb—Anterior view.

Ic—Inferior view.

\(l—Posterior view.

FxG. 2.—Posterior cervical vertebra; lateral view, seen from the left, .. 134
'2a—Superior view.

2b—Anterior view.

2c—Inferior view.

2d—Posterior view.

Fig. 3.—Dorsal vertebra ; lateral view, seen from the ieic, 13(;

3a—Superior view.

Sb—Anterior view.

3c—Inferior view.

3(?—Posterior view.

Fig. 4.—Doi-sal vertebra ; lateral view, seen from the left, 140

4a—Superior view.

4b—Anterior view.

4c—Inferior view.

4d—Posterior view.

Fig, 5.—Sacrum ; superior view, lOl

Fig. 0.—Sacrum ; lateral view, seen from the left, Kjl
6a—Anterior \iew.

Ob—Posterior view,

Fi<;. 7.—Sucrnm; inferior view, 101

I
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PLA-TE XXIII.



PL^TE XXIII.
ODONTOKNITHES.

Sternum and Coracoid of Ichthyornis dispar Marsh.

All Figiires twice Natural Size. Page.

Fig. 1.—Sternum; anteiior view, showing overlapping grooves for the coracoids, and the promi-

nent keel, -- — -.- -. !*'

Fig. 2.—Sternum; lateral view, seen from the left; outline of crest restored from a second
147specimen, — ^*'

Fig. 3.—Sternum ; superior view, - - - .- 1-1 <

Fig. 4.—Stenniin ; inferior view, — — 147

Fig. 5.—Left coracoid ; anterior surface ; upper end restored in outline from another specimen, . 144

6a—Sternal end.

Fio. 0.—^Left coracoid
;
posterior surface, I44
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PLATE XXV,



ODONTOENITHES.

Femur and Tibia of IcHTHYOR>as dispar Marsh.

All Figures twice Natviral Size. Page.

Fig. 1.—^Leftfemur; anterior, or superior, view, -- 171

la—Distal end.

Fig. 2.—Left femiir ; inner, or tibial, surface, - 171

Fig. 3.—Left femur
;
posterior view, ._ 171

3a—Proximal end.

Fig. 4.—Left femur ; outer, or fibular, surface, 171

Fig. 5.—Right tibia; proximal portion, anterior view, ..- 172
6' —Distal half; approximately in position, anterior view.

5rt—Proximal end.

Pig. C.—^Right tibia; proximal portion, exterior view, -- 1*^2

o' —Distal lialf; approximately in position, exterior view.

Fig. 7.—Right tibia; proximal portion, posterior view, 172
7' —Distal half; approximately in position, posterior view.

T'a—Distal end.

Fio. 8.—Right tibia; proxim.al portion, inner view, 172
8' —Distal half; approximately in position, inner ^iew.

^
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PLATE XXVI.



PLATE XXVI.
ODONTOENITDES.

Restoration of Ichthyornis dispar MarsL

Natural Size.
Page-

In tbis restoration, the shaded portions represent the parts preserved of the type specimen,

(N"o. 1-150, Tale College Museum). The portions in outline are taken in p.irt from other specimens

but mainly from the skeleton of a Tern, \Stcrna relict Gambel.) -- 177

i
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PL^XE XXVII,



ODONTOENITHES.

Cei-vical and dorsal Vertebrag of Iciithyokxis victok Mai-sL

All Figures twice Natural Size. Page*

FiQ. 1.—Atlas and axis, or first and second cen'ieal vertFebKe ; lateral view, seen from the left, . 127

Irt—Superior view.

lb—Anterior view

Ic—Inferior view.

Id—Posterior Anc-vr.

Fig. 2.—Tliird (?) cervical vertebra ; lateral view, seen from the left, 130

2a—Superior view.

2b—Anterior view.

2c—I;iferior view.

2d—Posterior view.

Fig. 3.—Posterior cerxncal vertebra ; lateral view, seen from the left, 131

3a—Superior view.

3b—Anterior \-iew.

3c—Inferior view.

3(7—Posterior view.

Fig. 4.—Anterior dorsal vertebra ; lateral view, seen from the left, 135

4a—Superior view.

4b—Anterior view.

4c—^Inferior view.

4d—Posterior view.

Fig. 5.—Posterior dorsal vertebra ; lateral view, seen from the left, - 13'

5a—Superior view.

5b—Anterior view.

Be—Inferior view.

6d—Posterior view.

J
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PL^TE XXVIII.



ODONTORNITHES.

Sacrum of Apatornis, axid Caudal Vertebrae of IcHTHTOENia

All Fisures twice Natural Size. Page.

Fig. 1.—Sacrum o{ Apatornis ccler Marsh ; lateral view, seen from the left, anterior end imperfect, 1G2

la—Superior view.

lb —Inferior view.

Ic—Posterior view.

Fig. 2.—First of seven consecutive caudal vertebraB oi Ichthyornia victor Marsh; lateral view,

seen from the loft, .. 165

2a—Superior view.

25—Anterior view.

2c—Inferior view.

2d—Posterior view.

Fig. 3.—Median caudal vertebra ; lateral view, seen from the lefi, 166

Za—Superior view.

35—Anterior view.

3c—Inferior view.

Zd—Posterior view.

Fig. 4.—Median caudal vertebra ; later.al view, Been from the left, 166

Aa—Superior view.

46—Anterior view.

4c—Inferior view.

Ad—Posterior view.

Fig. 5.—Posterior caudal vertebra ; lateral view, seen from the left, 107

5a—Superior view.

55—Anterior view.

5c—Inferior view.

5(7—Posterior view.

Fig. 0.—Posterior caudal vertebra ; lateral view, seen from the lofi , — 107

C</—Superior view.

Qb—Anterior view.

Oc—Inferior view.

C(7—Posterior view.

Fig. 7.—Posterior united caudal vertcbrfo ; lateral view, seen from tho left, 167

7a—Superior view.

lb—Anterior view.

7c—Inferior view.

7(7—Posterior view.

Norn.
—

^Tho cand.-il vortobrni flgurod on Plato XXVUI aro consoctitlvo, and woro found witli the polvis reproaootcd

oa Plato XXXII, flgurcs 2 nnd 3,
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PLATE XXIX.



PLATE XXIX.
OUOXTOli^'lTHES.

Sternum and Scapiilar Arch of Apatornis and Ichthyoknis.

All Figures twice Natural Size. Page.

Fig. 1.—Left scapula of ^joa<orni8 ce/er Marsh ; exterior view, ..- 142

\(i —Proximal end.

-Left scapula of Apatornis celer; anterior, or superior, view, 142

-Left scapula of Apatornis celer; inner view, 142

-Left scapula of Apatornis celer; posterior, or inferior, view, i^
-Right coracoid of Apatornis celer; anterior view, j^45

5a —Sternal end.

-Riglit coracoid of Apatornis celer; posterior view, 145

Upper portion of clavicle of Apatornis celer ; exterior view, 147

7a— Posterior view.

'Jb— Inner view.

7c— Anterior view.

Sternum of Apatornis celer; infei-ior view, 148

Left scapula of Tchthyomis victor Marsh ; exterior view, 141

9a—Proximal end.

Left scapula of Ichthyornis victor ; anterior, or exterior, view, 141

•Left scapula of IcMhyomis victor ; inner view, 141

Left scapula of Ichthyornis victor; posterior, or inferior, view, 141

•Left coracoid of Ichthyornis victor ; posterior view, 144

Left coracoid of Ichthyornis victor; exterior view, 144

Left coracoid of Ichthyornis victor ; anterior view, - 144

15a—Scapular end.

Fig. 10.—Left coracoid of 7c"A</tyomts tJMrfOf/ inner view, 144

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig.

Fig. 8

Fig. 9

Fig. 10.

Fig. 11

Fig. 12

Fig. 13.

Fig. 14.

Fig. 15
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FlQ. 1,

Fig. o

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.—

Fig. 1.-

Fig. 8.-

Fig. 0.—

Fig. 10.—

Fig. 11,

Fig. 12,

Fig, 13.

Fig. 14,

ODONTOEXITIIES.

Wing bones of Apatornis and Ichthyornis.

All Figures twice Natural Size. Page.

Left radius of Apatornis celer Alarsh
;
proximal portion, inner view, 152

-Left radius of Apatornis cehr ; jiroximal portion, inferior view, 152

•Left radius of Apatornis celcr ; proximal portion, exterior, or ulnar, Burface, 152

3a —Proximal articular surface.

Left radius of Apatornis celer ; proximal portion, superior view, 152

Left radial carpal of Ajyatomis ceier ; anterior view, 153

6a —Inner view.

5b —Posterior view.

5c —Exterior view.

5d —Superior view.

5e —Inferior view.

Left ulnar carpal of Ajmtornis celer; anterior view, 154

Ga —Exterior a lew.

Gb —^Posterior view

6c —Inner view.

6d —Inferior view.

Ce —Superior view.

•Right humerus of Ichthyornis victor Marsh ; inner, or posterior, view, 149

Right humerus of Ichthyornis tener Slarsh ; distal portion. Inner, or posterior, vie\.-, 149

Ca —Ulnar surface.

SJ —Outer or anterior view.

8c —Radial surface.

8f? —Distal end.

Left radius of IcfUhyoriiis victor Marsh
;
proximal portion, inner view, 161

9a —Inferior view.

96 —Exterior, or ulnar, surface.

9c —Superior view.

9<f —Proximal end.

Left radius of Ichthyorti is victor ; distal portion, inner, or anterior, view, 151

10a—Inferior view.

lot—Exterior, or ulnar,- surface.

10c—Superior view.

10(7—Bistal end.

•Left uln.a of Ichthyorn is validus ; exterior view, 152

•Left ulna of TcAfAyomw waZicfwa/ superior view , 152

12a—Proximal end.

Left ulna of Ichthyornis valiJus/ inner, or radial, surface, 152

•Left ulna of Ichthyornis validus / inferior view, 152

14a—Distal end.
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ODONTORNITHES.

Wing bones of Apatornis and Ichthtobkis.

All Figxires twice Natural Size. Page.

Fig. 1.—Right metacarpal of ^joa<or«ejf cefer Marsh; exterior view,.. I54
la —Distal end

Fig. 2.—Right metacarpal of Apatornis cder; superior, or ulnar, surface, 154

Fig. 3.—Right metacarpal of Apatornis celer ; inner view, I54
3a —Proximal end.

Fig. 4.—Right metacarpal of Apatorn is celer; inferior, or radial, surface, 154

Fig. 5.—Proximal phalanx of second digit of Apatornis cder ; from tlie right wing, inferior,

or radial, surface, 157

5a —Distal end.

Fig. C.—Proximal phalanx of second digit of ^jjaiorwis cefery exterior view,. .. . 157

Fig. 1.—Proximal phalanx of second digit of Apatornis celer ; superior view, 157
la —Proximal end.

Fig. 8.—^Proximal phalanx of second digit of Apatornis celer; inner view, 157

Fig. 9.—Second phalanx of second digit of Apatornis celer; from the right wing, inner view, . 153
Oa —Distal end ; with outline of proximal end.

Fig. 10.—Second phalanx of second digit of Apatornis celer; inferior, or radial, surface, 158

Fig. 11.—Second phalanx of second digit of Apatornis celer ; exterior ^^ew, 158
Ha—Proximal end.

Fig. 12.—Right metacarpal of ie/(?A?/or;iw«JC<or Marsh; exterior view, 154
12<(—Distal end.

Fig. 13.—Right metacarpal of Ichthyornis victor; superior, or ulnar, surface, 154

Fig. 14.—Right metacai-pal of Ichthyornis victor; inner view, 154
] 4n—Proximal end.

Fig. 15.—Right metacarpal of Ichthyornis victor ; inferior, or radial, surface, 154

Fig. 10.—Proximal phalanx of second digit oi Ichthyornis victor; from the right wing, inferior,

or radial, surface, ISCi

lOo—Distal end.

Fig, 17.—Proximal phalanx of second digit of Ichthyornis victor; extirior viov.-, 156

Fig. 18.—Proximal plialanx of second digit oi Ichthyornis victor ; superior, or ulnar, surface, 156
18rt—Proximal end.

Fig. 10.—Proximal phalanx of second digit of Ic/ithyomis victor; inner view, 156
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PL^TE XXXII.
ODONTOKNITHES.

Pelvis of Afatornis and Ichthyornis.

Twice Natural Size. Page-

Fig. 1.—^Pelvis of Apatomis celer Marsh ; lateral view, seen from the right, 164

il —Ilium.

is—Ischiuir,

pb—Pubis.

qf—Acetabular foramen.

a —Ischio-sciatio interval.

b —Obturat'jr iiitervaL

Fig. 2.—Pelvis of Ichthyomia victor Marsh ; superior view, 163

il —rium.

is—Ischium.

pb—Pubis.

s —Sacrum.

Fig. 3.

—

Vc\\\i o^ Ichthyornis victor • inferior view, 163

a —Sacrum restored in part from sacrum of Ichthyornis dispar, (PI. XXTI, fig. 7.)
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ODONTORNITHES.

Leg bones of Apatornis and Ichthtoknis.

All Figures twice Natural Size. Page.

Fig. 1.—Right tibia of Apatornis celer Marsli ; anterior view. Proximal portion wanting, 173

Fig. 2.—Right tibia oi Apatornis celer ; exterior view, - 173

Fig. 3.—Right tibia of Ajnitornis celer; posterior view, - 173

3a —Distal end.

Fig. 4.—Right tibia of Apatornis celer; inner view, - - 173

Fig. 5.—Right fibula of Apatornis celer; posterior view, - - - 174

Fig. 6.—Right tibia of Ichthyornis victor Marsh; anterior view, -

.

172

Fig. 7.—Right tibia of Ichthyornis victor; posterior view, 172

Fig. 8.—Phalanx of Ichthyornis victor; superior view, - 176

8a —Proximal end.

%h —Lateral view.

8c —Inferior view.

SfZ —Lateral view.

8e —Distal end ; ^\^th outline of proximal end.

Fig. 9.—Riglit tnrso-inetutarsnl of Ichthyornis victor; anterior view, 174

Oa —Distal end.

Fio. 10.—^Rigbt tarso-metatarsal of Ichthyornis victor; exterior view, 174

Fig. 11.—Right tarso-mutatarsal of Ichthyornis vic'or ; posterior view, 174

11a—Proximal end.

Fig. 12.—Right tarso-metatarsal of Ichthyornis victor; inner view, 174
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ODONTOENITHES.

P^storation of Ichthtornis victoh Marsh.

Natural Size.

Page.

In tlie restoratiou of this species, the shaded portions represent the parts preserved of the type

epecimcn, (Xo. 1452, Yale College Bluseum), as well as of other individuals from the same region, and

the same geological horizon. The portions in outline are taken in part from the type of Ichthyomi*

dispar, (Plate XXVI), and completed from the skeleton of a Tern, (Sterna regia Gamhel) 177
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iCHl'HYORNIS VICTOR, Marsh.
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